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OBALKA: Lokalita Brodno, lom v GZine ,Kysuckej brany* v okoli Ziliny odkryvajiici (v prevritenej pozicii) prechodng wronns umsks
a spodnokriedové formdcie, menovite Cervené ¢ajakovské radiolarity (oxford), Servené Corstynske hluznaté vdpence (kimerid: w:
lavd East obrizka) a svetlé aZ biele vipence typu ,majolika" pieninskej vapencovej formdcie (najvrchneisi titén a2 hower  Looo e
navrhnutd na stratotyp titonsko-barémskej hranice. Vysledky detalného biostratigrafického a magnetostratigrafického Stdiz o oo mio
Cisle. Foto: J. Michalik.

COVER: The Brodno locality in a quarry in the , Kysuca Gate* narrows near Zilina exposed (in overturned position) rransitonz. U ooer Lo
and Lower Cretaceous formations, namely red Czajakowa radiolarites (Oxfordian), red Czorsztyn nodular limestones  Rimmer 220 0 Lo
Tithonian age, left part of the figure and pale to white ,majolica® limestones of the Pienieny Limestone Fo on (lazes =8 0
Hauterivian), The locality is suggested as the local stratotype of the Tithonian/Berriasian boundary. Results of detailed fiosrss =oon o0 nl
magnetostratigraphical study are given in this volume. Photo: J. Michalik.
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Something like an introduction

This year is the fifths year of activity of our Project No 362. The time is running very rapidly not
only in a human life. Now is the time to look back and re-evaluate our way.

Three main goals have been selected by establishing of the Tethyan/Boreal Correlation (TBC) Pro-
ject in 1993: Development of a stratigraphic tool by identifying the events nature and amplitude -
documentation of the global system processes - paleoclimate and paleoenvironmental models. The-
se tasks were more evolved during Annual Meeting of the Project in Coimbra, Portugal (1993),
Smolenice, Slovakia (1994), Maastricht, Netherlands (1995) and Freiberg, Germany (1996).

Nine work groups specialized on main biostratigraphic tools have been established in Coimbra
(1993). Their activity has been documented in all four annual meetings and in numerous work-
shops round the Europe, as well. Two groups dealing with alternative stratigraphic methods (magne-
tostratigraphy, sequence stratigraphy) presented their results both in the Smolenice and Maastricht
meetings. Regional aspects in approach to the Tethyan/Boreal correlation have been introduced in
both the Maastricht and the Freiberg meetings. Twenty two national coordinators have been installa-
ted: the majority of them actively organizes the research of spatial interrelationships of the Cretace-
ous sedimentary basins. New ideas and data were generated concerning the interaction of the paleo-
ceanographic and paleoatmospheric processes and the role of biota in paleoclimate fluctuations.
Thirteen international meetings were organized during 1996 reflecteing a high activity in the realm
of the spread of knowledge and exchange of ideas.

The results of individual meetings have been published in several international scientific journals:
Cretaceous Research (16/3-4), Geologica Carpathica (Volumes 46/5 and 48/3). The project 362 coo-
perates with several closely oriented projects. A joint meeting has been organized during 30th IGC
in Beijing in August 1996 with the IGCP Project 352 lead by Prof. Hakyu Okada. We are starting
cooperation with the IGCP Project 386 (Response of the atmosphere/ocean system to the past global
change). Good cooperation exists between our project and the International Cretaceous Symposia
organized by German universities. Our last Annual Meeting joined with the 5th IGC has been orga-
nized by the Mining University of Freiberg. A part of our results will be published together with
another achievements of this Conference in the Zentralblatt fiir Geologie und Paliontologie.

The Scientific Board of the UNESCO International Geological Correlation Programs on its 25th
session appreciated the wide range of activities, geographical extension and the general scientific
achievement of the 362 Project. Our project has been evaluated as excellent and its results as exqui-
site in the frame of the IGCP projects.

Our Final Meeting will be devoted to finalizing of our work. We will concentrate on three main
goals, as indicated in this Abstract Volume. The first group of themes will be connected with the ba-
sic problems like Cretaceous paleoceanography, paleoclimatology, interrelations between both the
Tethyan and Boreal Realms, investigations of key sections. The second group will be concentrated
on the methods in stratigraphic research like integrated stratigraphy, sequence stratigraphy, magne-
tostratigraphy, or cyclostratigraphy. The last circle consists of sedimentological, paleontological, pa-
leoenvironmental and paleogeodynamical contributions. We hope that these presentations and,
chiefly, fruitfull discussion will contribute to the formulation of the final results and to the success
of our Final Meeting.

Let us to welcome you in Stard Lesnd, in a wonderfull corner of Slovakia. We wish you nice stay
and interesting new knowledge concerning not only with the Tethyan/Boreal interplay, but also with
the reconnaising of new peoples and with intensifying of our common cooperation. Let this “Fi-
nal” meeting should be the start of our new collaboration!

The Organizing Committee
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The effect of changes of the mean salinity on ocean circulation

WILLIAM W.HAY' and CHRISTOPHER WOLD N.?

'GEOMAR, Wischhofstrasse 1-3, D-24148 Kiel, Germany, and CIRES
and Department of Geological Sciences, University of Colorado, Boulder, CO 80309,
USA
*Platte River Associates, Boulder CO 80304, USA

Key words: Cretaceous, palaesoceanology, salinity

The density of seawater is related to temperature, salini-
ty, and pressure through a complex function termed the
equation of state. Because of the non-linearity of the equa-
tion of state of seawater, the densities of waters having the
same salinity differences will have varying responses to a
change in temperature as the mean salinity of the ocean
varies. Although this strange property of seawater is evi-
dent in a plot of the equation of state (Fig. 1), its implica-
tions have never been seriously considered in attempts to
simulate ancient ocean circulation. The differences in the
ocean density field may have caused it to respond different-
ly to atmospheric forcing in the past and may be key to
understanding “ocean anoxic events”, large scale burial of
Corer and the origin of petroleum source rocks.

Holser et al. (1980) made a first attempt to track salini-
ty back through time, taking sall extractions into
account. They came to the unexpected conclusion that the
Cambrian ocean probably had a salinity of about 48 and
that the ocean has been getting less saline throughout the
Phanerozoic. Using principles of sedimentary mass-balan-
ce and recycling, Hay and Wold (in press) have made esti-
mates of the mean salinities of the ocean since the end of
the Paleozoic.

Fig. 1 is a plot of temperature (T), salinity (S), and
density (curved lines) for some modern and simulated Late
Cretaceous ocean surface waters. The dotted curve (A)
shows 5° zonal averages of T, S, and from the Arctic
through the North Atlantic to the equatorial Atlantic. The
dashed curve (D) shows 5% zonal averages of T, S, and for
the South Pacific. Solid curve C shows zonal averages of
T, S, and for the Cretaceous “South Pacific” from the si-
mulation (DeConto et al., in press; Hay et al., in press),
which assumed an average ocean salinity of 34.8. Solid
curve E is identical to C but is displaced to the right, to
reflect an average ocean salinity of 43.6, our current esti-
mate of the highest salinity during the Early Cretaceous,
prior to deposition of the South Atlantic salt. Solid cur-
ve B is identical to C but is displaced to the left, to ref-
lect an average ocean salinity of 32.6, our current estima-
te of the lowest salinity the ocean has seen (Late Neoge-
ne). Although the solid curves are identical, the density
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contrasts along them are different. This is because the
slopes of the density curves change with the assumed ave-
rage salinity, a result of the non-linearity of the equation
of state of seawater. The total density contrast in curve E
is about 7.7 kg/m* whereas in B it is about 7.0 kg/m®.
The total density contrast on”the modern South Pacific
curve (D) is only 5.4 kg/m?. These are very large changes
in view of the fact that slight density differences separate
major water masses in the interior of the modern ocean
(Hay, 1995). Today the density difference between the In-
termediate Water, which contains the oxygen minimum
and the Deep Water is about 0.3 kg/m?, and the difference
between warmer, more saline North Atlantic Deep Water
and colder, less saline Antarctic Bottom Water is less
than 0.1 kg/m?.

At salinities near 27.4, the salinity at which the maxi-
mum density and freezing point of seawater coincide, coo-
ling of the water has very little effect on its density.
Density changes are much more easily induced by chan-
ging the salinity of the seawater. This occurs through
sea-ice formation. Freshly formed sea ice has a salinity of
about 7; the remainder of the salt is expelled into the sur-
rounding water, increasing its salinity and density. At sa-
linities near 40 and above, the cooling of seawater has a
significant effect on density, and sea-ice formation beco-
mes more difficult because the density of the water increa-
ses as it nears the freezing point, causing it to sink below
the surface. With mean ocean salinities in the high 30’s
or 40’s sea ice formation depends on significant freshe-
ning of the surface layer by precipitation or runoff. Thus
the higher salinities preceding the Messinian salt extrac-
tion may well have played a role in delaying the onset of
northern hemisphere glaciation by inhibiting the forma-
tion of sea ice.

A peculiar feature of the Cretaceous ocean is evident in
Fig. 1. For the modern ocean, density increases steadily
from the warm equatorial region to the poles. As a result,
the density surfaces in a pole-to-pole meridional section
would look like a syncline, depressed at the equator where
the lowest density water is found, and rising to the surfa-
ce at higher latitudes. In the Cretaceous the maximum
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Fig. 1. The differences between modern surface ocean temperatures, salinities, and densities, and those simulated for the Late Cretaceous. The
curved lines are densities (kg.m™"). Dotted curve A is the average for the surface of the present North Atlantic and Arctic Oceans, and dashed
curve D is the average for the surface of the South Pacific. Except for the Arctic Ocean, the densest waters are in the polar regions, with density
declining steadily to the equatorial region. Solid curve C represents temperatures and salinities for the South Pacific from the Campanian simulation
assuming the average ocean salinity to be 34.8. In the Campanian simulations the densest waters are the high salinity warm waters of the low latitu-
des and densities decrease toward both the equator and poles. Solid curve E is for the Campanian South Pacific assuming a mean occan salinity of
43.6. Solid curve B assumes a mean ocean salinity of 32.9. The temperature range in the Campanian simulations is 5 to 34 °C; the present range is -
| to 28 °C. Campanian surface ocean salinity contrasts are significantly greater than present, Fig. 4A shows that outside the South Pacific there are
large areas of the simulated Campanian ocean where the maximum density of seawater would be above the freezing point.

densities are in the tropics and in the polar regions. In a
pole-to-pole meridional section the density surfaces look
like three synclines, with zones of lower density walter in
the mid-latitudes and along the equator. Any region whe-
re surface waters have high density is a potential site of
intermediate or deep water formation.

During the Late Jurassic and Early Cretaceous Corg-rich
sediments were deposited in many areas of the world. The-
se are now the source rocks of most of the major produ-
cing oil fields. The fact that the Corg-rich sediments of
the Late Jurassic and Early Cretaceous accumulated when
mean ocean salinity was high (>43), before the South At-
lantic salt extraction, and that Corg-rich deposits are rare
in the Late Cretaceous, when the salinity of ocean waters
was much lower leads us to suspect that the behavior of
the thermohaline circulation in the Late Jurassic and Early
Cretaceous was fundamentally different from that of today.
The higher salinities would promote more active thermo-
haline circulation, and particularly more intensive inter-
mediate water formation. Intermediate water is the has the
highest concentrations of nutrients and is the major source

of nutrient-rich upwelled water, promoting both the surfa-
ce high-productivity and subsurface oxygen depletion re-
quired for the formation of petroleum source rocks.
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Introduction shale layers occur at precession lows (Herbert and Fisher,
1986).
In zeneral. resistant organic walled dinoflagellate cysts Materials and methods
cr= produced by planktonic representatives at a stage in
= lifz cvele. The distribution of these cysts in the sedi- Thirty-eight samples were collected on a bed to bed sca-
— 2ot s Zependent on environmental factors such as tem- le and processed according to standard palynological pro-
~orzture. salinity, nutrient supply and shelfal transport. cedures. Samples not mentioned in the figures did not
The present study aims to recognize climatic and ocea- contain enough palynomorphs (dinoflagellates, pollen and

= zrzpnic patterns reflected in the palynological content spores).
2 Late Albian “Amadeus segment” of the Fiume

= oss0 szcton in Central Italy (Fig. 1). This pelagic sedi- Results
—=nt consists of a two meter thick alternation of limesto-

marls and black shale layers. Several authors have re- The ratio between peridinioid and gonyaulacoid dinofla-
~ori=d  response Lo orbital parameters (especially preces- gellate cysts, a proxy for productivity, is presented in Fi-

eccentricity) of the carbonate content (Herbert gure 2. The eccentricity cycles in carbonate content (Her-
er. 1986), trace fossil distribution (Erba and Pre- bert and Fisher, 1986) are plotted next to the P(eridino-
va, 1994) and planktic (Premoli Silva et al., id)/G(onyaulacoid) curve. The organic productivity res-
:nd benthic (Coccioni and Galeotti, 1993) forami- ponds to larger scale trends rather than the precession cyc-
i presence of black shale/marl bundles seems to le. Figure 2 also shows the ratio between continental
v the eccentricity cycle, while the individual black (pollen and spores) and marine (dinoflagellates) palyno-

= a
Piin Mt Petrano
—

Locaton map of the Fiume Bosso section (2) in the Umbria-Marche area.
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Lithalogy Continental / Marine Ratio Peridiniold/Gonyaulacold Ratio CaCo, content {Herben & Fishes, 1088}

Fig. 2. Relative abundances of continental and marine content, Peridinioid and Gonyaulacoid dinoflagellates (nPeridinioids/nPeridinioids +nGony-
aulacoids) in the Amadeus segment of the Fiume Bosso section and the CaCO; content of the Amadeus segment equivalent in the Piobbico core
(Herbert and Fisher, 1986). Dotted outlines indicate barren intervals.
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F:ig. 3 Relative abundances of paleo-environmental groups of dinoflagellate cysts in the Amadeus segment of the Fiume Bosso section. Dotted out-
lines indicate barren intervals.
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morphs. Fluctuations of this curve on an individual bed-
ding scale. related to the precession cycle, are clearly
visible.

The majority of dinoflagellate species live on various
places on the shelf, These species were grouped in paleo-
environmental groups (Fig. 3); the Varying Salinity
croup represents the shallowest marine conditions, the
Neritic I group the most basinward paleo-environment.
The oceanic group is the only autochtonous group (not
rransported from the shelf, but living in the oligotrophic
pelagic waters), In individual black shale layers higher re-
Lative amounts of shelf derived dinocysts occur.

Discussion

Lower productivity in black shale bundles is interpreted
o> asign of decreased nutrient supply due to lower circu-
wtion and vertical mixing intensity. In these conditions
ratification is enhanced by an influx of fresh water (as is
mdicated by the high continental input in black shale
st during precession minima. The nutrients flushed

oy this increased run-off will expand shelf conditions

more basinward. and higher amounts of shelfl dwelling di-
noflagellates are available to be transported to pelagic
areas. In the more open ocean on the other hand. producti-
vity will not increase, since the stratification of the water
column prevents an efficient nutrient recycling. Due to
this lack of mixing, dysoxic conditions are created in dee-
per waters, facilitating the storage of organic matter.

References

Coccioni, R, & Galeotti, S., 1993: Orbitally induced cycles in bentho-
nic foraminiferal morphogroups and trophic structures distribution
patterns from the Late Albian “Amadeus Segment” (Central Italy).
I Micrapaleontology, 12, 227 - 239,

Erba, E. & Premoli, Silva. 1., 1994: Orbitally driven cycles in trace-
fossil distribution from the Piobbico core (late Albian. central Italy).
Spec. Publ. Int. Ass. Sediment., 19, 211 - 225,

Herbert, T. D. & Fisher, A, G., 1986: Milankovitch climatic origin of
mid-Cretaceous black shale rhythms in central ltaly, Nanwe, 321,
739 - 743.

Premoli, Silva, 1, Ripepe, M. & Tornaghi, M. E., 1989: Planktic fora-
miniferal distribution record productivity eycles: evidence from the
Aptian-Albian Piobbico core (central Italy). Terra Nova. [,
443 - 448.



Mineralia Slovaca, 29 (1997}, 248

A transect through the Aptian western Tethys Ocean: Palaeoceanography
and Palaeoclimate

HELMUT WEISSERT, HANS PETER FUNK, UWE WORTMANN,
OTTMAR KUHN, A. MENEGATTI and S. HENNIG

Geological Institute, ETH-Z, CH-8092 Ziirich, Switzerland

Key words: Aptian, palaeoceanography, palacoclimate, greenhouse model, Mediterranean Tethys

The Aptian is known as a time of volcanogenically in-
duced perturbations of the atmosphere and of climate.
Changes in hydrological cycling, in weathering erosion
and runoff and changes in paleoceanography are among
the expected consequences of changes in atmospheric CO,
levels. Sediments deposited along the narrow west-east
trending alpine Tethys seaway provide us with documents
of the climatic and oceanographic. changes during the
Aptian,

Sediments from a six different Tethyan palecenviron-
ments are used for the reconstruction of the Aptian clima-
te perturbation and of the reactions of the marine carbon
system to climate change: 1. The northern Tethyan mixed
siliciclastic-carbonate platform and shelf, 2. the northwes-
tern Tethyan Valais Trough with a hemipelagic sandsto-
ne-black shale sequence, 3. the northern Brianconnais re-
gion with a pelagic record preserving an equivalent of the
globally recognized “Livello Selli”, 4. the deep Piemont
Ocean with carbonate-free black siliceous shales, 5. the
deep pelagic environment of the southern continental
margin with the “Livello Selli”” and 6. the Adriatic carbo-
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nate platform which was not affected by river activity.
Stratigraphic correlation between the different paleoceano-
graphic environments was done with biostratigraphic and
chemostratigraphic methods.

The Tethyan record indicates how changes in paleocli-
mate and linked changes in paleoceanography choked car-
bonate production along river influenced coasts but sti-
mulated phytoplankton blooms in the pelagic environ-
ment. Severe growth crises of mixed siliciclastic-carbona-
te shelves occurred at times of sealevel rise. These crises
or platform drowning events coincided with episodes of
widespread black shale formation during the Early Aptian.
The pronounced Aptian C-isotope excursion records this
coupled but contrasting response of the marine organic
and carbonate carbon systems to Aptian climate change.
Changes in organic carbon burial and changes in the car-
bonate carbon system both had an influence on the at-
mospheric CO, concentration. Fixation of excessive CO,
in organic matter and in calciumcarbonate contributed to
climate stabilisation up to millions of years after the on-
set of the perturbation.
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s and a chert bed, alternating with thin-bed-
v mudstones and sandstones have been found
a subunit (Magura unit). Their stratigraphic
een Uvigerinanimina jankoi and Caudam-
cnrea zones) suggests that they can correspond
~zr/middle Campanian palaeoceanographic crisis

- mucrotauna from these deposits is characterized by
cuonally scarce foraminifers, dominated by pyritized
Ruhnt et al. (1992) documented LMCE deposits
= North Atlantic which are devoid of benthonic fora-
c=. with directly overlying beds are chracterized by
=rsity agglutinated tubular forms and ammodisci-
~2: Iz the Tethyan pelagic realm, the LMCE is characte-
ccurrence of biosiliceous facies (e.g., Neagu,
1. 1981). It coincides with a taxonomic change
sunated foraminifers, where U. jankoi assemblage
ed by a C. gigantea assemblage in flysch series
i 1992,
the changes in agglutinated assemblages were
iented from the Upper Cretaceous and Paleoge-
¢ Carpathian flysch facies (Jurkiewicz, 1961; Ge-
& Nowak, 1984; Geroch and Koszarski, 1988), the
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LMCE deposits in this facies complex have not been re-
corded yet.
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The Russian Platform (RP) is relatively hard block
of the Earth crust. It responded on the outer stress con-
ditions by changes in its relief and therefore in the sha-
pe of sea basin existed on the RP and its paleogeo-
graphy. The investigation of that phenomenon includes
4 main aspects: (1) the working out of the fine biostra-
tigraphical scale; (2) paleogeographic modelling of the
RP history; (3) Boreal/Tethyan fauna distribution ana-
lysis (mainly ammonites) and (4) paleotectonic recon-
structions.

The basement of the RP is heterogenous. It determined
the position and the development of the different troughs,
depressions and syneclines during the Cretaceous (Mila-
novsky. 1987). The main outer stress affected on the de-
velopment and paleogeograchical changes in the RP was
the collision between the Arabia and the Scythian Plal-
form (Nikishin et al., in press).

Stratigraphy

The most important works on the Lower Cretaceous
of RP were published by S. N. Nikitin, A. P. Pavlow,
N. A. Bogoslowsky, I. G. Sasonova, A. E. Glasunova,
M. S. Mesezhnikov and many, many others. Some new
data on the Aptian and Albian were published by the
author (Baraboshkin, 1996; Baraboshkin in press; etc.).
Due to reinvestigation of ammonite collections and
oulcrops from Moscow Syneclise, Simbirsk - Saratov
Syneclise, Rjasan-Saratov Trough and Peri-Caspian Sy-
neclise, comparison with ammonite data from other re-
gion. the following biostratigraphical scheme (for cent-
ral parts of RP) is offered.

In general, the scheme includes many international
(Hoedemaeker et al., 1993) zones from both Boreal and
Tethyan scale, because of great mixing of Boreal (preva-
iled) and Tethyan faunas in this region. Some subdivi-
sions based on the fauna were distinguished mainly for
Peri-Caspian area.

3

Paleogeography and paleobiogeography

The most complete data one can find in the monograp-
hy ol Sasonova and Sasonov (1967). However, those da-
ta are very old and have to be corrected in many cases.
There were several stages in Early Cretaceous RP deve-
lopment according 1o the new data, published partially
(see the figure);

|. Early Berriasian. Depend of the point of view in de-
termination Jurassic/ Cretaceous (Volgian/Berriasian)
boundary, there are several different ways to reconstruct
paleogeography of RP;

a) Absence of Lower Berriasian sediments or presence
of their continental analogues,

b) Shallow water coarse-grained sedimentation with
phosphogenesis and small hiatuses or partially continen-
tal and fresh - water sedimentation.

According to the recent publications of Sei and Kala-
cheva (1997), the Upper Volgian should be correlated
with the Lower Berriasian. The interval does not conside-
red in the present paper because of the absence of the new
reliable data in those long-time discussion,

2. Late Berriasian is characterized by the shallow sea
to continental conditions and strong influence of Tethyan
faunas in the beginning. when representatives of family
Berriasellidae (Riasanites, Transcaspiites) penetrated
from Caucasus and Transcaspia through RP to the Po-
land and probably, even to the Spitsbergen (Ershova and
Korchinskaya, 1980). Boreal fauna was less distributed
in the beginning of the Substage (Hectoroceras, Surites,
ete.). It occupied the RP area completely during latest
Berriasian,

3. Early Valanginian. Shallow sea to continental condi-
tions environments existed over the RP. The Basin had a
submeridional configuration, but the fauna was only Bo-
real (Temnoptychites, etc.) and crossed the RP up to Man-
gyshlak region,

4. Late Valanginian is characterizied by the appearance
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the latitudinal sea-connection and the Dichotomites

1 Neahoploceras (7) are known (Gordeev, 1971).
rly Hauterivian. Continental environments and
eposition took place. The existence of marine sedi-
snts and the presence of Lower Hauterivian fauna is
soported only for the northern part of the RP, where
lsomites were found.
[_ate Hauterivian, Shallow sea conditions, which we-
sallv accompanied by anoxic events (Ulianovsk-
~orztonv and Peri-Caspian Syneclise).The ammonite
<omblage is the same that in England (Rawson, 1971),
. Spitsbergen (Ershova, 1983). Boreal ammoni-
-~ penetrated from Poland and Spitsbergen through the
2 10 the south. up 1o the Northern Caucasus and Cri-
vhere mixed (Speetoniceras, Milanowskia and Cras-
vy together with Pseudothurmannia) assembla-
Lnown (Baraboshkin, 1997, in press).

m

[

Late Berriasian Early Valanginian

7. Barremian. Shallow water and continental condi-
tion with poor bivalve assemblages and belemnites
Oxyteuthis (Baraboshkin, in press). Probably, the fau-
na was killed by water freshening. All of the mentio-
ned Tethyan ammonites mentioned in the literature
have not supported by the recent data. All the other
fauna (bivalves, belemnites) supports Boreal assem-
blages.

8. Early Aptian ammonite assemblages (Tropaeum,
Deshavyesites, Sanmartinoceras, elc.) shows equal condi-
tions in the RP, to the North (Spitsbergen, Ershova.
1983) and to the South (N. Caucasus, Crimea, Middle
Asia, Mediterranean, ete.) with the fauna of European ty-
pe. The expanded shallow sea conditions with areal ano-
xia (the North-East of RP) existed in the meridional Ba-
sin (Baraboshkin in press).

9. The Basin was considerably restricted to the North in
the Middle Aptian. The presence of Epicheloniceras and

Late Valanginian

Early Hauterivian
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Parahoplites indicates the water conditions similar to the
European ones.

10. Nearshore and continental environments prevailed
in the RP during the Late Aptian. That is why ammoni-
tes Acanthohoplites and Hypacanthoplites are known only
from Peri-Caspian area.

[1. Early Albian was characterized by near-shore, del-
taic and shallow marine conditions. There were Boreal
faunas with Arcthoplites, Cymahoplites and Anadesmoce-
ras existed here. They migrated southward (Baraboshkin,
1996) from the Spitsbergen area (Nagy, 1970). The boun-
dary between Tethyan/Boreal assemblages run through the
Peri - Caspian area.

12. Shallow water expanded. The environments of in-
tensive phosphatogenesis with numerous hiatuses took
place during the late Early Albian to Middle Albian. The
ways of ammonite migration passed from west and from
the south and to the north of RP (Baraboshkin, 1996) and
similar assemblages existed in Spitsbergen (Nagy, 1970;
Ershova, 1983), Mangyshlak (Mikhailova and Saveliev,
1989), Poland (Marcinowski and Wiedmann, 1990). The
fauna was of the European type (Hoplites, Anahoplites,
etc.: Baraboshkin, 1996).

13. Upper Albian. Shallow water sea spread almost the
whole RP, anoxic conditions prevailed in this time. In
the late Albian RP basin isolated from Boreal basin and
typically European (Callihoplites) and Tethyan (Mortoni-
ceras) fauna spread over RP (Baraboshkin, 1996).

Acknowledgements: T wish to acknowledge IGCP 362, the Peri-Tethys
Programme, INTAS (Grant No.94-1803) and RBSF Foundation (Grant
No.95-07-1915, 97-05-65-567) for financial support of investigations,

References

Baraboshkin, E. J., 1996: Russian Platform as a controller of the Al-
bian Tethyan/Boreal ammonite migrations, Geol. Carpath., 47,
5,10

Baraboshkin, E. J.. 1997: The new stratigraphic scheme of the Lower

Cretaceous between Kacha and Bodrak River (South-Western Cri-
mea). Vesmik MGU, ser. geol., 3, 20 (in press. in Russian).

Baraboshkin, E. I.: The new on the Aptian zonation in the Ulianovsk
(Simbirsk) region, Russian Platform. Zentralblan fiir Geologie und
Paldontologie, 1, 12. {in press).

Ershova, E. S. (Ed.), 1983: Explanation to the Jurassic and Lower Cre-
taceous biostratigraphical scheme of the Spitsbergen Archipelago.
Leningrad, 88 (in Russian).

Ershova, E. §. & Korchinskaya, M. V., 1980: Mesozoic zonal scheme
of Svalbard (Spitsbergen). 26th International Geologic Congress Re-
ports, Paleontology. Stratigraphy, Moscow, Nauka Publ. H., 180 -
187 (in Russian).

Gordeev, N, 1, 1971: On the ammonites from Polyptychites horizon of
Neocomian of Mangyshlak. Transactions of Institute of Geology and
Geophysics., 2, 190 - 198 {in Russian).

Hoedemaeker, Ph. I., Company, M. & Aguirre-Urreta, M. B. et al,,
1993; Ammonite zonation for the Lower Cretaceous of the Medi-
terranean region; basis for the stratigraphic correlations within
IGCP-project 262. Revista Espan. de Paleont. 8, 1, 117 - 120.

Koltypin, S. N., Mjatluk, E. V. & Poslavskaya, G. G., 1986: Peri-Caspi-
an Syneclise. In: Stratigraphy of the USSR. Cretaceous, pt.l, Mos-
cow, 66 - 74 {in Russian).

Mikhailova, I. A. & Saveliev, A. A.. 1989: Albian stage, fn: Zones of
Cretaceous system in the USSR. Lower series. Nauka Publ. H., Le-
ningrad, Trans. of Interdepart. Stratigr. Committee of the USSR, 10,
141 - 217 fin Russian).

Milanovsky, E. E., 1987: Geology of the USSR. Part I: Introduction.
Ancient Platforms and Metaplatform regions. Moscow, MGU Publ.,
416 (in Russian).

Nagy, I.. 1970: Ammonite faunas and stratigraphy of Lower Cretace-
ous (Albian) rocks in southern Spitsbergen. Skrifrer of Norsk Po-
larinstitur 152, 58.

Nikishin, A. M., Cloeting, S. & Bolotov, 8. N., et al.. 1996: Scythian
Platform: chronostratigraphy and polyphase stages of tectonic histo-
ry. In: 8. Crasquin & E. Barrier (Eds): Memoires Museum National
d'Histoive Naturelle Paris, Peri-Tethys Memoir, 3 {in press).

Rawson, P. F., 1971: Lower Cretaceous ammonites from North - East
England: The Hauterivian genus Simbirskites. Bulletin of The British
Musewn (Nawral History), Ser. Geology 20, 2, 27 - 86,

Sasonova, 1. G. & Sasonov, N. T., 1967: Paleogeography of Russian
Platform in Jurassic and Cretaceous. Trans. VNIGNI, 62, Nedra Pu-
B H., 1260, {in Russian).

Sei, I. I. & Kalacheva, E. D., 1997: The Jurassic and Cretaceous boun-
dary in the Boreal Realm (biostratigraphy, Boreal-Tethyan correla-
tion) - Stratigraphy. Geaol. correlation 5, 1, 42 - 59 (in Russian).



Mineralia Slovaca, 29 (1997) 255

Roczyny

Targanice

Fig. |
STATISTICA Tree
CLUSTER
STATS
(D1ink/Dmax) *100 Variable
Variable 1---10-==20---30---40---50---60---70---80---90-=~100
AKZ AKZ
MORAVIA l | MORAVIA
NEALPS NEALPS
CFORELAN 9 CFORELAN
NWGERMAN NWGERMAN
LUBLINU ] ] LUBLINU
UK UK
BACHOWIC i BACHOWIC
ZYWIECTW — ZYWIECTW
WEGIERKA WEGIERKA
SILESIAN 1 SILESIAN
SUBSILES SUBSILES
KRUHEL KRUHEL
FRYDEKTL | FRYDEKTL
FRYDEKPL ] FRYDEKPL
WEGLOWKA WEGLOWKA
AUSTRIA l AUSTRIA
VISTULAV 1 VISTULAV
KROPTWNT ] | KROPIWNT Fig. 2
SKOLE SKOLE 18.. 2

7

vcogene clockwise rotation of the Inner Carpathians,
ccuve o the Outer Carpathians, caused the long di-
- runsportation of the AKZ complex from the West.
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Lower Cretaceous ammonites occur in two structural
units of the western Outer Carpathians in more substantial
quantity: in the Silesian Unit and in the Pieniny Klippen
Belt (PKB) only. The occurrences of imperfectly preserved
specimens in the Silesian Unit are restricted on to dark co-
loured lime - claey pelites with pelosiderite concretions.
The findings derived from the PKB area come from pale
marly calcareous deposits. Due to small resistence against
the weathering, or, respectively, due to strong tectonic re-
working, continuous sections necessary for any detailed stu-
dy are practically missing in these areas. Therefore, the am-
monite successions must have been reconstrued according
to composition of the faunas in individual localities, know-
ledge of geologic structure of the territory, and correlated
with the data from literature (see Vaiiek et al., 1994),

We summarized the distribution of ammonite species
collected in the area studied into scheme of Early Creta-
ceous ammonite zones (Hoedemaeker, Company et al.,
1993; Bulot and Thieuloy, 1995; Atrops and Reboulet,
1995; Hoedemaeker, 1995; Reboulet, 1995, etc.) combi-
ned with eustatic level curve (Vail et al., 1991; Hoede-
maeker, 19953),

The species indicated in the left side of the figure came
from the uppermost Berriasian to the lowermost Hauteri-
vian slope (resp. rise) Baska facies. The right side compri-
ses the upper Valanginian to the lower Hauterivian PKB
biofacies. Despite of considerable diversity of the Barre-
mian - lower Aptian ammonite fauna of the Godula Ba-
sin, the scarcity of index species in it hampers the crea-
tion of any species distribution chart of this time interval.

Although certain inpreciseness can be supposed in the
presented ammonite occurrence span diagram, there is evi-
dent that several apparent high diversity sections alternate
with the small diversity intervals. The first high diversity
interval is equivalent to the basal Valanginian Pertran-
siens ammonite biozone. This interval, roughly synchro-
neous with the Va- | highstand of the sequence stratigra-
phic scale, yielded (with the exception of the Mediterra-
nean faunal elements) also Platylenticeras, which occurs
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both in the Boreal and Mediterranean Realm. The genus
is represented both in rise (Baka) and basinal (Godula)
developments of the Silesian Unit (no Early Valanginian
ammonites have been found in the PKB until now, yet),

The second high diversity interval is indentical to the
basal Late Valanginian Verrucosum Zone, equivalent to
the Va - 3 highstand preceeding the extensive Va - 4 shal-
lowing. Rich Mediterranean ammonite association is
accompanied here by Boreal Prodichotomites ex gr. con-
planatus and cosmopolitic representatives of Valanginites.
Interestingly, the Boreal species mentioned has been found
in the rise Ba$ka development (only one specimen has
been reported in the PKB Ridge), but never in the basinal
Godula development of the Silesian Unit. The high diver-
sity ammonite fauna appears also in the successive Trino-
dosum Zone (Va - 4 highstand) in the PKB area. Late Va-
langinian Campylotoxus and Callidiscus Zones are eviden-
ced by poor ammonite faunal associations only.

Early Hauterivian Radiatus and Loryi Zones are eviden-
ced in the PKB by pure Mediterranean fauna (the lower
zone also in the Baska development of the Silesian Unit).
Despite of this, the diversity of ammonites (with the
occurrence of possible Boreal Endemoceras) peaked du-
ring highstand preceeding the Ha-1 sequence boundary.
The highest Early Hauterivian Nodosoplicatum Zone has
not been proved in continuous sections neither in the Go-
dula development of the Silesian Unit, nor in the PKB
area. Although the Late Hauterivian ammonite fauna is
poorly diversifed, it contains several index species (Sub-
saynella sayni, Plesiospitidiscus ex gr. ligatus, “Crioce-
ratites” binelli, etc.), indicating Sayni-, Ligatus- and Ba-
learis Zones. The topmost Hauterivian (the Angulicostata
Zone) has not been proved yet.

Purely Mediterranean Barremian and Early Aptian am-
monite fauna is very abundant in the basinal Godula deve-
lopment of the Silesian Unit. However, continuous sec-
tions are not at disposal, and, moreover, index species ab-
sent here. Siliciclastic Upper Aptian sequence does not
contains any ammonites more.
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High ammonite diversity intervals well correspond with
sea level fluctuations and with data from the Danian - Po-
lish Trough (Witkowski, 1969; Kutek et al., 1989; Marek,
1989, 1997), which represented the seaway connecting the
Boreal with the Tethys marginal seas (represented by the
Silesian Unit of the Outer Carpathians today). Co-occurren-
ces of both Boreal and Mediterranean ammonites in the
Pertransiens and Verrucosum (probably also in the Radia-
tus) Zones in the Silesian Unit answer (o high sea level
stands and to the normal sea regime intervals in the Danian
- Polish Trough. Shallowings correspond to the low species
diversity in the Silesian unit. Long termed Late Hauterivian
- Early Albian shallowing interrupted any connection with
the Boreal. Pure Mediterranean ammonite fauna with ende-
mic elements characterizes the Silesian Unit, the important
index groups like pulchelliids, colchiditids, Spitidiscus, Hol-
codiscus, Hemihoplites, Deshayesites, elc. being underrepre-
sented or missing at all. On the other hand, the rarity of
Barremian and Early Aptian ammonite occurrences in the
PKB prevent more detailed paleogeographic conclusions.
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Introduction

Boreal Berriasian (BB) and Boreal Valanginian (BV) are
generally considered to be the time analogue of the Medi-
terranean Berriasian and Valanginian. The Boreal fauna is
known to cover the vast territories north of the 50th lati-
tude, occasionally invading as far as the 40th latitude
along the coast of the Pacific. Thus the BB and BV are
known in the northern hemisphere in Europe, Asia, Nort-
hern America and Arctic islands. The biostratigraphic ran-
ge of BB is determined by the presence of the following
ammonite genera; Praetollia, Pachypraetollia, Hectoro-
ceras, Borealites, Praesurites, Surites, Bojarkia, Tollia,
Pronjaites, (7?)Lynnia, Peregrinoceras. Additionally, for
the Lower Berriasian, there are other typical genera: Che-
taites, Externiceras, Schulginites, Garniericeras. Craspe-
dites, Subcraspedites. The BV is defined as a whole by
the presence of genera Neotollia, Temnoprychites, Selancdi-
tes, Propolyptychites, Eurypiychites, Siberites, Polyptychi-
tes (with subgenera: Polypiychites, Paleodichotomites,
Dichotomites). However, there is no direct zonal correlati-
on established between Berriasian and Valanginian sedi-
ments of the Boreal and Mediterranian realms, a problem
which stems from the profound differences in the faunas.
This problem is mainly caused by faunal disparity betwe-
en areas as a result of climatic differences and geographic
isolation. As a result, the stratigraphical ranges of BB and
BV have been redetermined several times during the last
century.

Choice of the standard sections of the BB and BV

In order to conduct the stratigraphic work more effecti-
vely throughout the entire Boreal territory we should se-
lect a standard section of the BB and BV. No sections of
the BB have been found in continental Europe that satisfy
the requirements for stratotype status. It has already been
shown the Ryazanian Stage is not an appropriate time
equivalent of the BB, and additionally. this stage is strati-
graphically incomplete. Erosional surface and significant
stratigraphic hiatuses characterize the lower and upper
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contacts of the Ryazanian interval everywhere on the
Russian Platform, including the Oka River sections, and
a further hiatus is postulated within this Stage (in sense
of Bodylevsky, 1956; Saks and Shulgina, 1973). Thus,
we conclude that the Ryazanian Stage of the Russian
Platform can not be selected as astandard for BB, Instead,
we propose to select as a standard the North Siberian sec-
tion, which is stratigraphically complete and is thus not
prone to the flaws we described for the Ryazanian interval
on the Russian Platform. This section is located in nort-
hern Siberia on the Laptev Sea coast, Nordvik Peninsula.
The section is excellently exposed in the sea cliffs and
consists of black shales of deep water facies belonging to
the central part of the north Siberian marine basin, These
facies constrain the entire sequence from the Upper Volgi-
an to the Lower Valanginian Substage. The section has a
continuous succession of ammonites, Buchias, foram and
dinocist zones from the top of Middle Volgian Substage
to that of the Lower Valanginian. In summary, this secti-
on is the best choice for a BB stratotype because: 1) has
being deposited in deep marine conditions it is stratigrap-
hically complete, 2) the abundant fauna provides very de-
tailed and reliable age determinations.

References to the sections of Lower Saxonia (Germany)
as boreal equivalents of Valanginian are very common in
west-European literature, Perhaps unsurprisingly so, sin-
ce the zonation of part of the Lower Valanginian, and
most of the Upper Valanginian in these sections is based
on ammonites of the family Polyptychitidae. However,
the whole Saxonian sequence of ammonite zones cannot
be accepted as the Valanginian Boreal Standard (BV), be-
cause: 1) Al the top and base of the sections, the zones
are defined by the Tethyan genera Platylenticeras and Di-
costella; 2) Tt is difficult to correlate this section with ot-
her sections of the vast Arctic area, because ammonites of
the family Craspeditidae are absent in Saxonia; 3) The
base of the Saxonian sections is non-marine. Almost all
equivalents of the Siberian zones may be found in nort-
hern Canada, but in the latter, there are no continuous
sections. Additionally, there is no continuity between
most of the zones, including those chosen to mark the
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boundaries with the Boreal Hauterivian and the BB. In
East Greenland the sections of the BV show a full strati-
graphic thickness, but there are no continuous sections or
clear zonal subdivision. The Russian Platform comprises
both Upper and Lower substages with their zonal subdivi-
sion, but again there are no continuous sections, and the
zones are contracted in extent and somewhat lens-shaped.
Moreover, the section shows many sedimentary gaps.
The section of the BV in the Subpolar Urals (Yatria Ri-
ver) is very important: a rather complete sequence of am-
monite zones is described from here, and BV is present in
continuous section with both boundaries being complete.
Unfortunately, the section is relatively unfossiliferous
(for ammonites and Buchias), especially in comparison
with the Siberian sections. In contrast, the BV section in
northern Siberia (Boyarka River) is more suitable for the
standard, because the sequence of ammonite and buchia
zones is more complete than anywhere else, and the secti-
on is well exposed with optimum thickness (about 130
m). This section must be proposed to the International
Subcomission on the Cretaceous System as the Boreal
Standard.

Description of the proposed standards

The BB section is exposed along the Laptev Sea coast.
The total thickness of the succession is 31 m. The sedi-
ments are characterized by alternation of dark brown mud-
stones and bluish-grey condensed clays. There is no evi-
dence of significant post-depositional diagenesis, weathe-
ring, tectonic overthrusting, or nearby volcanic heating,
although the sediments are slightly fractured. An iridium
anomaly is detected in the five-centimeter thick layer of
phosphatic limestone at the Jurassic/Cretaceous bounda-
ry. Clay mineralogy and geochemistry have been well
studied. The following ammonite zones comprise the Up-
per Volgian Substage: Craspedites okensis (4.7 m thick),
C. rtaimyrensis (4.2 m), Chetaites chetae (1.2 m); the BB
includes the zones: Praetollia maincy (0.5 m), Chetaites
sibiricus (3.5 m), Hectoroceras kochi (8.7 m), Surites
analogus (4.7 m), Bojarka mesezhnikowi (18.5 m); BV:
Neotollia klimovskiensis (14.1 m), Propolyptychites quad-
rifidus (37.8 m). The Hecroroceras kochi and Surites
analogus Zones in Kheta River section (onshore, shallow
water facies) have been subdivided into 3 and 2 subzones
respectively. Most of these ammonite zones are widespre-
ad in north Eurasia from the Anabar River Basin in north
Siberia to Greenland in the western hemisphere. The sec-
tion also contains a complete Buchia succession: Buchia
unschensis (Jurassic/Cretaceous boundary beds), B. oken-
sis, B. jasikovi, B. tolmatsschowi, B. inflata (BB/Boreal
Valanginian transition beds). A similar succession of Bu-
chia zones is determined elsewhere in Boreal realm and in
some Pery-Tethyan regions (e. g. in Northern California,
USA). Thus, Buchias are one of the most important
group of fauna for correlation of Boreal and Tethyan secti-
ons.

The proposed BV standard crops out along the banks of
the Boyarka River, Kheta River Basin, north Eastern Si-

beria. The section's lower boundary with the BB is unex-
posed (basal part of the Neotollia klimovskiensis Zone
only), whilst the upper boundary with the Boreal Hauteri-
vian is well exposed and apparently complete: in betwe-
en, a full sequence of ammonite and Buchia zones is dis-
played. The section consists of alternate lavers of fine-
grained sands, silts and clays with a total thickness of
approximately 130 m. Sands prevail in the lower part of
the section, whilst silts and clays are dominant in the up-
per part. 70 beds united in 7 cycles (3rd and 4th order de-
positional cycles = sequences and parasequences) have be-
en recognized in the section. The following ammonite zo-
nes been established here: Lower BV - Klimovskiensis
Zone (54.8 m), Quadrifidus and Astieriptychus Zones
(12.3 m), Ramulicosta Zone (34 m). Ramulicosta Subzo-
ne (26.3 m), Beani Subzone (7.7 m); Upper BV - Bidi-
chotomus Zone (25.3 m), Triplodiptychus Subzone (2.5
m), Bidichotomoides Subzone (16.1 m), Kotschetkovi
Subzone (6.7 m).

The BB and BV boundaries and the pan-Boreal cor-
relation

At the present time, the BB lower boundary is tentati-
vely established by the first appearance of the genus Pra-
etollia (cf. Zakharov, 1993). Different species of this ge-
nus are reported to be found along both sides of the nort-
hern Atlantic: in Greenland, England. Svalbard Island,
Franz Joseph Land, Arctic Canada; and in northern Rus-
sia, in the Pechora River Basin, the sub-Arctic Urals, and
in western and eastern Siberia. The Praetollic mainey Zo-
ne base is placed in the middle of the Buchia unschensis
Zone at the Hypostatotype section of the BB in north Si-
beria. The position of the upper boundary of the BB is al-
so uncertain. Currently, the last layers containing ammo-
nites of the family Suritidae are assigned to the upper-
most Berriasian, whilst the base of the boreal Valangini-
an is recognized by the first appearance of the genus Tem-
noptychites. On the Russian Platform. Greenland, and
England the lowermost Berriasian is assigned to the Pe-
regrinoceras spp. Zone, Layers containing Tollia tolli
and other species of this genus are found in northern Si-
beria and Northern America, and they are included into BB
because layers containing Temnoptvehites overlay Tollia
beds, although previously layers containing Tollia were
assigned to the lowermost Valanginian. Because Tollia
layers are traceable throughout the entire Boreal realm,
they are useful reference horizons. The BB is terminated
with Bojarkia spp. Zones in north Siberia. the Subpolar
Ural, and in Canada, and with the Zones of Peregrinoce-
ras spp. in England. east Greenland. and on the Russian
Plain.

The BV lower boundary is drawn at the base of the Ne-
otollia klimavskiensis Zone, at the appearance of the no-
minative species and the genus Temmnopivchites, The up-
per boundary is drawn at the level of appearance of the
boreal species Homolsomites bojarkensis, and coincides
with the disappearance of ammonites belonging to the fa-
mily Polyptychitidae. The lower boundary of upper sub-



V.A. Zakharov and Y.1. Bogomolov: The Boreal equivalents of the Berriasian and Valanginian stages 261

stage is drawn at the base of Polyptychites (Paleodichoto-
mites) and Polyptychites (Dichotomites) beds. Pan-Boreal
zonal correlation is not generally recognized, but nevert-
heless workable at the substage level, and to some extent
at zonal level in the Lower Valanginian. Reliable secti-
ons in North Siberia can be correlated with those of the
Valanginian of West Siberia, the Subpolar Urals, the
northern and central Russian Platform, north-eastern Gre-
enland, Arctic Canada and the Arctic islands. There are al-
so some marker-levels that allow correlation of Siberian
sections with those of the Peritethyan region, in Northern
California (USA), and Lower Saxony (Germany).

The problem of the Boreal - Tethyan correlation

The most complicated problem is the infrazonal corre-
lation of the Tethyan Berriasian Stage and the BB. It is
well known that there is no direct correlation between the
Boreal realm and Mediterranean area for the interval of ti-
me spanning the Upper Volgian Substage to the lower-
most Valanginian. Both the Volgian-Tithonian and BB-
Berriasian intervals typically contain different taxa in the
two realms, making it impossible to conduct any direct
correlation (Riasanites and Euthymiceras are not effective
for infrazonal correlation). Neither is there a generally
accepted point of view about the Boreal-Tethyan correlati-
on of the Jurassic-Cretaceous boundary. However, there
are (wo dominating approaches: most paleontologists as-
sume that the base of the Boreal Praetollia genozone co-
incides with that of the Mediterranian Berriasella grandis
Subzone. However, it is also possible that the base of the
BB should coincide with the base of the Fauriella boissi-
eri Zone. Similarly, it is possible that the top of the Up-
per Tithonian is isochronous with that of the Middle Vol-
gian Substage. Nevertheless, it does not mean that the
base of the Berriasian and Upper Volgian Substage is also

isochronous. If we accept correlation of Upper Tithonian
with Middle Volgian, the lower boundary of the BB
Praetollia Zone would correspond to the lower boundary

of the Mediterranean Tirmovella occitanica Zone.

The Boreal-Tethyan correlation of the BV is somewhat
less problematic than that of the BB. A reliable Boreal-
Tethyan correlative level occurs at the base of the Boreal
Valanginian, owing to joint finds of Platylenticeras and
Propolyptychites genera in the lowermost Lower Valangi-
nian of north-west Germany (Lower Saxonian Basin) and
northern Siberia. We consider the first appearance of the
Polyptychitinae in these two areas to be isochronous.
Therefore, we can correlate the North Siberian Propoly-
ptyvchites quadrifidus Zone with the standard Thurmanni-
ceras pertransiensis Zone. Additionally, the basal Boreal
Valanginian Neotollia klimovskiensis Zone has been corre-
lated with the Thurmanniceras otopeta standard zone due
to its stratigraphical position. Moreover, from the sec-
tions in northern Germany (Lower Saxonia) it is possible
to recognize three ammonite marker-levels; one in the
middle Lower Valanginian, and two levels in the Upper
Valanginian, all of which allow correlation with the stra-
totype. Application of both ammonite and Buchia- based
zones allows reliable correlation of the Boreal sections of
northern Russia with Peritethyan sections of western
USA.
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Introduction

In the last couple of years numerous papers have dis-
cussed (Fogarasi, 1995; Csdszar and Argyelan, 1994;
Csaszar and Haas, 1984; Sztand, 1990) the stratigraphi-
cal and sedimentological features, as well as the palaeo-
tectonic position of the Lower Berriasian to Lower Al-
bian(?) siliciclastic sediments of Gerecse Mountains,
which is located within the Transdanubian Range unit
(TR). Close facial similarities between the Gerecse
flysch se-quence and the Rossfeld Formation of the Nor-
thern Calcareous Alps (NCA) have been known for
a long time (Fiilop, 1958) based on the lithology and
ammonite assemblage.

This paper is dedicated to the detrital framework grain
analysis, to the geochemistry of detrital spinel grains
from the Gerecse Mountains and to their palaeogeograp-
hic implications.

Sandstone petrography

Standard framework grain analysis was done by Dickin-
son’s method (Dickinson and Suczek, 1979). using the
ribbon-counting technique on monomineralic and unstab-
le lithic grains, 0.063 - 2 mm in size.

Studied sandstone samples are calcite cemented, imma-
ture-mature, fine- to coarsegrained lithic arenite and sub-
litharenite.

Five kinds of unstable lithic fragments can be distingu-
ished: 1. neutral and acidic plutonic rock fragments,
2. acidic volcanic lithic fragments, 3. fragments of ophio-
lite complex, 4. sedimentary and 5. metasedimentary li-
thic fragments.

Rhyolite-dacite rock fragment with pilotaxitic-hyalopi-
litic texture appearing in the Upper Jurassic calpionellid
limestone and in the basal part of the flysch sequence
suggest contemporaneous andesitic-rhyolitic volcanic ac-
tivity in the source area. Holocrystalline diorite, tonalite
rock fragment, porphyritic granite-granodiorile, granite
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with micropegmatitic texture may have connected Lo the
plutonic roof of an arc or eroded from the continental
crust.

In the heavy mineral assemblage of the Aalenian-Bajo-
cian red, nodular “ammonitico rosso” type limestone of
the Gerecse Mountains unusual amount of biotite have
been distinguished. This new findings may support the
idea of the above-mentioned volcanic activity.

Serpentinite detritus with various texture types. bastite,
gabbro, intergranular-ophitic-variolitic basic rock frag-
ments 0.4 - 1.5 - 2.0 mm in size are common. and may
reflect the ophiolite complex.

Large amount of detrical spinel grains in the heavy mi-
neral assemblage also support the ophiolitic source area,

Fragments of ophiolite complex decrease In quantity
countinouosly during the deposition with increasing of
quartz grains, sedimentary and metasedimentary detritus,

Based on the detrital framework grain sis the detri-

tus of the Cretaceous clastic sequences o1 ecse Moun-
tains combine the terrigenous materials from an oceanic
island arc, collision suture zone. fold-thrust belt contai-
ning continental basement and deep-wat '
Spinel geochemistry

In detrital spinel grains of the studied succession the
Cri#t [Cr# = Cr/(Cr+Al)] ranges from (.3 1 N5 and the
Mg# [Mg# = Mg/(Mg+Fe2+)] from 0= 75, Fe-04
and TiO, contents are consequent!v very | The Fed+s
[Fe3+/(Cr+Al+Fe3+)] ratios of the analvsed sumples are
always lower than 0.05. which is cteristic feature
of spinels from mantle-derived rocks. The Ti0- wic ran-
ges from 0.00 to 0.65. in many instances the Ti0> wi%
are zero, Zonal spinel grain was not found (Argveldn,

1996).

Compositional populations of spinels from the
Mountains fall into the harzbur i f
Faupl (1988), consequently show
those of Rossfeld Formation ot the Easterr

recse
i er and
milarities to
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The majority of data sets can be described as Type II
and Type I1I alpine-type peridotites and ophiolites, reflec-
ting a complex multistage melting history of the source
area, and the formation of an island arc on oceanic crust
(Dick and Bullen., 1984),

Palaeogeography

As a result of the Jurassic-Early Cretaceous tectonic
movements the Tethys-Vardar basin was closed, and its
detritus (chrome spinels and volcanic rock fragments)
could have been eroded and transported to the sedimentary
basins (e. g. Rossfeld Formation of the NCA and Ostrc
Formation of the Dinarids) surrounded the obduction zone
from the earliest Cretaceous. During the collision the
oceanic crust was incorporated partially by the intraocea-
nic subduction that generated an oceanic island arc. The
acidic volcanic rock fragments (andesite-dacite-rhyolite)
and granite. diorite. tonalite detritus in the basal beds pro-
bably reflect the CA voleanism of the oceanic island arc,
which later was obducted into the Dinaridic realm. Based
on sandstone petrography. the detritus of the Gerecse sedi-
mentary basin may have been eroded from a volcanic arc,
an ocenic suture zone. and from a continental crust reflec-
ting mixed orgenic source area,

Geochemisiry of spinel grains suggest that the source
rocks for the detrital sequence of the Gerecse Mountains
may have been the harzburgite subprovince of the Tethys-
Vardar suture zone. similar to that of the Rossfeld Forma-

tion. The main difference between the formations is: the
Rossfeld Formation does not contain acidic and ophiolitic
rock fragments.

Based on the newesl palacogeographic reconstruction
and the sandstone petrography and petrology, the Gerecse
sedimentary basin was situated in the frontal part of the
obducted volcanic island arc.

References

Argyelan, G. B., 1996: Geochemical investigations of detrital chrome
spinels as a tool to detect an ophiolitic source area (Gerecse Moun-
tains, Hungary). Acta Geol. Hung., 39, 341 - 368,

Csdszir, G. & Argyelan, G. B., 1994: Stratigraphical and micromine-
ralogical investigation of Lower Cretaceous sediments in Gerecse
Mis., Hungary, Cretaceous Research, 15, 417 - 434,

Csiszdr, G. & Haas, 1., 1984: The Creraceous in Hungary: A review,
Acta Geol. Hung., 27, 417 - 426.

Dick, H. I. B. & Bullen, T., 1984: Chromian spinel as a petrogenetic
indicator in abyssal and alpine-type peridotites spatially associated
lavas. Contr. Mineral. Petrology, 86, 54 - 76.

Dickinson, W. R. & Suczek, C. A., 1979: Plate tectonics and sandstone
compositions. AAPG Bull., 63, 2164 - 2182,

Fogarasi, A., 1995: Sedimentation on tectonically controlled submarine
slopes of Cretaceous age, Gerecse Mts. Hungary - working hypo-
thesis. Alraldnos Fildani Szemle, 27, 15 - 41,

Fiilép, J., 1958: Die kretazischen Bildungen des Gerecse-Gebirges.
Geologica Hungarica, Ser. Geologica, 11, 124,

Pober. E. & Faupl. P., 1988: The chemistry of detrital chromian spinels
and its implications for the geodynamic evolution of Eastern Alps.
Geol. Rdsch., 77. 641 - 670.

Sztand, O., 1990: Submarine fan-channel conglomerate of Lower
Cretaceous, Gerecse Mis., Hungary, N. Jb. Geol. Palaont., 7,
431 - 446



Mineralia Slovaca, 29 (1997), 264

Deep-water Upper Cretaceous variegated facies in the Czorsztyn Succession,
Pieniny Klippen Belt, Western Carpathians

KRZYSZTOF BAK

Institute of Geography, Cracow Pedagogical University, Podchorazych 2, 30-084 Krakéw, Poland

Key words: Late Cretaceous, couches rouges facies, Foraminifera, Western Carpathians, Poland

Variegated deposits consisting of cherry-red and green,
argillaceous and marly shales, intercalated with fine-grai-
ned, thin- and medium-bedded, calcareous, hieroglyphic
sandstones and mudstones have been studied in relation to
biostratigraphy and palaeoecology.

These deposits, occurring in the Trawne stream near
Rogoznik quarry belong to the Czorsztyn Succession of
the Pieniny Klippen Belt. Their lithological features sug-
gest that they may be attributed to the Malinowa Shale
Formation sensu Birkenmajer (1977).

This Formation is a characteristic Upper Cretaceous
element of the Grajcarek Unit (incorporated to the Pieni-
ny Klippen Belt during Late Cretaceous-Early Tertiary;
Birkenmajer, 1986) and only scarce evidence confirms
their presence in the Czorsztyn Succession (Birkenmajer
and Geroch 1961; Birkenmajer, 1963, 1965).

Microfauna is characterised by the presence of aggluti-
nated foraminifers with dominating Recurvoides spp.,
Karrerulina conversa, Uvigerinammina jankoi, Trocham-
mina spp. and tubular forms. No taxa diagnostic for lo-
wer Senonian - belonging to Bulbobaculites problemati-
cus, Haplophragmoides cf. bulloides and no taxa charac-
teristic for lower/middle Campanian-Maastrichtian (Cau-
dammina gigantea) have been found in these deposits. It
suggests that the Malinowa Shale Formation represents
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the Santonian-lower Campanian sediments in the studied
section of the Czorsztyn Succession. Occurrence of many
intercalations of thin- to medium-bedded sandstones con-
firms such a high stratigraphic position of this formation
(Birkenmajer, 1977).

Features of foraminiferal assemblages (morphogroup
analysis, diversity index of benthos, content of CaCOs)
show that sedimentation of these deposits took place un-
der deep-water conditions (lower bathyal), similarly as in
equivalent deposits (red facies of the Macelowa Marl For-
mation) in the Branisko and Pieniny successions.
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The term Urgon is used different way in the literature
even now. The most widely accepted definition has been
formulated by Rat (1965) who has considered it as a bio-
sedimentary system and not as a chronostratigraphic or a
lithostratigraphic term. The term Urgon is used in Hun-
gary since the 70th of the 19th century (Bockh, 1875-
1878) first in stratigraphic sense then since the beginning
of this century in facies sense (Staff, 1906-1907) as well.

The Urgon facies is widely distributed in the Tethyan
Realm (Moullade et al., 1985), It was a common facies
within the Alpine-Carpathian system (Fig. 1) due to a
frequent alternations of lands and seas in space and time.
Its recognition is retarded considerably due to the subsequ-
ent erosion during the Late Cretaceous - Early Tertiary
tectonic activity (Hagn, 1982; Schlagintweit, 1987; Mi-
chalik, 1994; Csdszdr and Turn$ek, 1996).

Urgon facies has been developed in both Pelso and Tis-
za basic tectonic units of Hungary. There are 4 formati-
ons differing from each other in time, in time span and in
sedimentary environment.

The Nagyharsiny Limestone is situated in the Villany-
Bihar Zone within the Tisza Unit. It is deposited on the
karstified ramp surface of Upper Jurassic limestones with
bauxite lenses in its traps. The total thickness of the for-
mation exceeds one thousand metres. Some areas at the
beginning of the sedimentation have been separated from
the sea by low ridges and freshwater limestone of a few
tens of metres in thickness has been deposited behind
them. These areas have been flooded during storms an
high tides  and black pebble horizons and/or brackish or
even marine water intercalation were deposited. This part
of the formation is characterised by common subaerial ex-
posures and paleosol occurrences. After total flooding of
the ridge. various marine communities were alternating
that were ruled by the following groups of biota: dasycla-
dacean algae, orbitolina, miliolids, rudists and Bacinella -
Codiaceae colonies. Branching coral colonies are restric-
ted to one horizon only. The water agitation was increa-
sed with the retrogradation. The probable age of the cessa-
tion of the carbonate platform is Middle Albian. The phe-
nomenon was in connection with the break of the plat-
form when the fissures originated, later filled by plankto-
nic foraminiferal and crinoidal limestones and marls. The

Nagyharsany Limestone is capped by hardground and co-
vered by the Bisse Marl Formation.

The special rudistid bioconstruction which developed
around giant basalt volcanoes in the Mecsek Mts does not
belong to the Urgon facies s. str. Their vestiges are pre-
served within the Magyaregregy Conglomerate of slope
facies and the Hidasivélgy Marl of basin facies as gravita-
tionally redeposited material after the erosion of volcanic
build-up. The fossil community is represented by a tap-
hocoenosis formed by gravitational movement and con-
sisting of great variety of corals, rudists, ostreids and ot-
her shallow water bivalves, gastropods and various deeper
water or pelagic elements such as brachiopods, ammoni-
tes, cadosinas. The first group of fossils must lived
around volcanoes forming atoll-like rings. The existence
of this atoll-like rings repeatedly built until the Late Al-
bian when it was replaced by hemipelagic limestones and
marls that was followed by the red Vékény Marl Fm. of
Turonian age. The cessation of the atoll-like rings seems
to coincide in time with the drowning of the atolls in the
North-Western Pacific (Grétsch and Fliigel, 1992) that in-
dicate a world-wide sea level rise.

The Kérnye Limestone is found in a narrow belt in the
Transdanubian Range of the Pelso unit bordering a semi-
restricted basin of the former Vardar ocean, and consists
of two member rank units that are different from sedimen-
tary environment point of view. The lower member is de-
veloped more or less continuously from the hemipelagic
Tata Limestone Fm. without remarkable changes. The de-
finitive difference between the two mentioned units is
the bioclast composition. The Tata Limestone prevailing-
ly consists of crinoidal and echinoid fragments as far as
its successor of rudist detritus. The other common ele-
ments are as follows: red algae, agglutinated benthonic
and planktonic forams, sponge spicules, a few radiolari-
ans and a great quantity of glauconites. The lower mem-
ber of the Kérnye Formation is an allodapic slope sedi-
ment of a prograding carbonate platform as far as the up-
per member is a real Urgon facies, that is a product of an
aggrading platform consisting of Agriopleura and Chond-
rodonta biostromes and at the margin of the platform so-
me coral and chaetetopsis colonies. This carbonate plat-
form was drowned not in deep water but it was destroyed
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Fig. 1. Urgonian occurences in the East-Alpine - Carpathian system

by an increased siliciclastic influx. The result of the sea
level changes is evidenced by the alternation of the varie-
gated non-marine Tés Clay and the rudistid limestones.

The olistolites within the Koszortikébanya Conglome-
rate of the Lédbatlan Sandstone Formation deposited in a
foreland basin of the island arc system of the Vardar ocean
is considered to be a part of the Kornye Limestone. The
siliciclastic host rock and the limestone cobbles and slabs
also contain chrome spinels evidencing a nearby obducted
ultramafic source rock (Csészar and Argyeldn, 1994). The
situation was similar to the margin of the Penninic ocean
(Michalik, 1994) except that the Gerecse was situated at
the southern margin of the Vardar ocean. The accretionary
prism probably eroded in both zones,

The Zirc Limestone located in the axis of the Transdanu-
bian Range was deposited on an extended carbonate plat-
form in-between the Northern Calcarcous Alps and the
Southern Alps and represented by successions differing in
thickness, lithology and fossil composition. Two types of
Urgonian successions are known to occur here. In the larger
part of its extent the total thickness is 50 m and it is subdi-
vided into three member rank units that are different in fos-
sil content and to a certain extent in lithology as well. The
lower member is a rudistid limestone. the middle one is a
foraminiferal (including orbitolines) limestone and the up-
per one is a biodetrital, sandy limestone of open shelf ori-
gin with a few planktonic foraminifera, The sedimentation
of the last member has been preceded by a short time sea
level drop that was followed by a rapid sea level rise. The
new cycle of the sea level changes started with an other sea
level drop and karstification. The base of the Pénzeskuit
Marl Fm. is a condensed horizon represented by glauconitic
and phosphatic bed and infillings of karstic cavities. This
level is considered as a maximum flooding without sedi-
mentation of the transgressive systems tract. The thickness
of the Zirc Limestone in the South Bakony exceeds 200 m
with no member rank subdivisions and subsequent marl
above it. It is characterised by alternation of gastropod rich

beds with rudistid beds, and with some intercalations of
tempestites, brackish water limestones, paleosols and even
bauxitic layers. The Zirc Limestone must have been close-
ly related to the Urgon of the Northern Calcareous Alps the
vestiges of which has been discovered as pebbles only in
the Upper Cretaceous and Eocene sediments.

The paper will be focused on presenting evidences for
the similarities and differences between the Urgon succes-
sions in Hungary and the neighbouring countries.
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Tethys

Microfacies study of three Tethyan sections evidenced
several remarkable echinoderm-rich layers. These sections
are located on distant peri-Tethyan platforms: the Sabun-
suyu ravine (Taurus, Turkey: Cros et al., 1991), the Pied-
ra Parada section (Tuxtla Guttierez area, Chiapas, Mexi-
co: Cros et al.. in prep.) and the Chiquimula section (Rio
Lajas, Guatemala: Debrabant et al., 1996). All were dated
by means of microfacies and of larger foraminiferids. The
stratigraphical resolution was unfortunately hampered by
the paucity of foraminifers. Scarce micropaleontological
data established that they were all straddling the Cenoma-
nian-Turonian boundary but within a large range of sam-
ple spacing (more than 10 m). The [irst aim of this paper
was o study thoroughly these roveacrinidal microfacies
but rapidly turned into a detailed investigation of their
stratigraphical potential to locate more precisely the C/T
boundary,

The biostratigraphical data compiled from the stratoty-
pic Cenomanian-Turonian areas (Ferré, 1995) and the in-
ferred microfacies methodology (Ferré and Berthou 1994;
Ferré and Granier. 1997) lead us to propose a preliminary
dating. The former C/T interval was restrained thanks to
the presence of Orthogonocrinus cf. apertus Peck, 1943
and of Roveacrinus cf. geinitzi Schneider, 1989. These da-
tations are consistent with previous ones based upon lar-
ger foraminiferal sections. Moreover they do confirm the
existence of roveacrinidal events (qualitatively -as datum
planes- as well as guantitatively -as abundance zone-).
Such “blooms™ were first documented in the Plenus Ma-
rls from the Anglo-Paris Basin (Jefferies, 1962). Conse-
quently one must now admint the concept of roveacrinidal
event introduced by Kristan-Tollmann (1970) from Tethy-
an Triassic somphocrinidal microfacies. Compiled biblio-
graphical data and unpublished materials confirmed during
the latest Cenomanian the existence of an outstanding ro-
veacrinidal horizon all over the peritethyan platforms:
from New Zealand (Chanier et al., 1990), Turkey, Syria
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(Al-Maleh, 1976), SW- and SE-France, Tunisia (Razgal-
lah et al., 1994), Morocco, Spain, NE-Brazil (Bengtson
and Berthou, 1982; Berthou and Bengtson, 1988; Ferré
and Berthou, 1994; Ferré et al., 1996), Guatemala, Mexi-
¢o, to the Texas Gulf (Peck, 1943, 1955). Moreover this
event extends also deeply north into the Boreal Realm
(see among others: Rasmussen, 1961; Pisera, 1983; Grif-
fiths, 1985).

The roveacrinidal microfacies display great potentials
for event stratigraphy and palaeoecology regarding to their
ecological opportunism and polymorphism. Beyond the
qualitative vs quantitative debate, they are of primary im-
portance to record marine connections at a high-resolution
level since their widespread occurences can be used as a
marker-bed to trace back the palacogeography of the Tet-
hyan seaways with a great stratigraphical confidence.
Ongoing studies based upon peri-tethyan materials are
about to confirm the changes in peritethyan seaways from
Albian to Turonian times (Dias-Brito and Ferré, 1997).
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The most important biostratigraphical investigations in
the studied region were made by D. P, Naidin and A. S.
Alekseev (Naidin et al., 1975, 1980; Alekseev, 1989).
The contacts of Cenomanian deposits with both the Up-
per Albian and Lower Turonian strata are of erosional na-
ture. The same boundary type was found on the
Lower/Middle Cenomanian boundary. The thickness of
the whole Cenomanian sequence varies from 20 to 70
meters. Middle Cenomanian rhythmically bedded marls
and limestones contain ammonites Mesogaudryceras lep-
tonema (Sharpe), M. rarecostatum Balan, Galycoceras
(?) sp., the bivalves Inoceramus virgatus Schiut. and be-
long to Rotalipora cushmani zone (Alekseev, 1989). The
rhythmicity in the Middle Cenomanian carbonate rocks
were studied by V. T. Frolov (Frolov, 1996). The early
Cenomanian was a time when a rapid transgression ook
place. The depth of the basin constantly increased during
the Cenomanian up to the first hundred meters (according
to foram data). It is slightly differs according to ichnofos-
sils and fish data made by A. S. Alekseev and was esti-
mated as first hundred meters - shelf to the shelf wedge.

The development of the basin took place under stable
tectonic conditions. Anoxic events are typical for Ceno-
manian - Turonian boundary of this region (Alekseev,
1989). The present study focused on the conditions of
rhythmicity formation in Middle Cenomanian carbonate
rocks,

The outcrop is located in the mountainous part of the
Crimea Peninsula in the Bakhchisarai region on southern
slope of the Selbuhra Mountain. The Middle Cenomanian
sequence consists from 22 rhythms, 45 beds, its visible
thickness is 12.4 m. The rhythms are mostly presented
by alteration of marls and marlstones or limestones. The
colour of marls is usually grey, sometimes pale, while
the limestone is always white. The thickness of limesto-
nes is first decimetres to meters. Marls are of several or
sometimes of several hundreds centimetres thick (Fig. 1).

The succession was divided into rhythms on the basis
of colour, bioturbation and thickness variations in the
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field. Elements of the rhythm shows the difference in
content of carbonate, clay, terrigenous minerals, bioclasts
(Tab. I, Fig. 1). The planktonic/benthic foraminifera ra-
tio is different in the rhythm elements. Rocks were inves-
tigated by thin section analyses (30 samples), acid disso-
lution (43 samples) and Total Organic Content analyses
(2 samples) and X-ray diffraction techniques (2 samples).
Boundaries are heterogeneous: erosional; transitional, dif-
fuse; usually contrast. The quantity of pyrite concretions
and carbonate content increase, bioturbation decreases to
the top of the section. Ichnofossils (Planolites, Zoophy-
cos, Teichichnus, Chondrites, Thallassinoides, Phycosi-
phon) are usually presented in both rhythm elements, but
the bioturbation in limestones is always higher than in
marly limestones and marls (Fig. 1).

Several models are suggested to explain the origin of
the rhythmically bedded pelagic/hemipelagic carbonate
rocks. They are briefly described below.

Dilution cycles. Model 1 (Pratt, 1984; Ricken, 1994).
Cyclic changes of moisture, terrestrial run off due to cli-
matic variations form rhythmicity in the carbonate sedi-
ments. During dry season mostly limestones are deposi-
ted. Wet season is a time of marls, when the dilution of
the constant carbonate sedimentation by terrigenious ma-
terial (clay), transported by rivers, take place.

Dilution cycles. Model 2 (Shacklton, 1982; Ruffel,
Spaeth & Mutterlose, 1996). This model is close to the
first one. The difference is that in the first case cyclic cli-
matic changes result in the cyclic changes in volume of
run off, but here climatic fluctuations cause variations in
the nature of weathering and in the composition of the
constantly transported by rivers terrigenious material,
Wet, (or) warm season is a time of marl sedimentation.
Limestones occur during dry, (or) cold conditions.

Dilution cycles. Model 3 (Morozov, 1952). Sea level
change (Sea Level Up) causes transgression (ingression)
with relatively high terrigenious input. Sea Level Down
is a time of regression and relatively low terrestrial input.

Solution cycles. Model 4. This model is proposed by
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Fig. 1. The variation of ichnofossils and calcium carbonate content in rhythmically - bedded limestone/marl succession (Middle cenomanian,

Rotalipora cushmani zone), Selbukhra mountain, SW Crimea.

the author together with E. J. Baraboshkin. Cyclic repea-
ting of condensation and sedimentation result in appearan-
ce of rhythmic limestone-carbonate clay section. Lime-
stones always have erosional boundary with clays. Li-
mestones represent sedimentation regime, condensation
causes the appearance of carbonate clay (result of limesto-
ne dissolution). Erosional surfaces occur due to non-depo-
sitional regime and include soft- and hard-grounds. Con-
densation and sedimentation are proposed to be cyclic pro-
cesses.

Solution cycles. Model 5 (Savdra and Bottjer, 1994).
Climatic variations result in fluctuations of winds and
water current direction, which cause changes in the co-
ntent of oxygen dissolved in bottom waters. Cyclic chan-
ges aerobic - dysaerobic - anaerobic conditions result in

Tab. 1
The comparison of Middle Cenomanian rhythm elements
(composition, texture, etc.)

Limestone Marly limestone, marl
Carbonate, % 95-70 85-47
TOC, % 0.08 0.44
Colour white grey
Thickness, m 0.08-13 0.1-0.6
Foraminifera P/B, % 5.5 5
Carbon isotope 13, %* 20-30 20-30
Oxygen isotope 18, %* -20 -5
Sea water temperature, 23-25 14 - 15
degrees centigrade®
Ichnofossils & bioclasts > <

(*Frolov, 1996)

periodic solution of constantly deposited carbonates. Be-
cause of new current direction and some specific bottom
relief forms stagnate, stratified water masses can occur.

Solution cycles. Model 6 (Ricken, 1994). Sea level
change causes cyclic depth variation of the basin, which
results in periodic occurrence of stratified waters with
anoxic or nearly anoxic conditions and solution of the
constantly deposited carbonates. Sea level up - marl, sea
level down - limestone.

Solution cycles. Model 7 (Einsele, 1985). SLC causes
variation of the critical carbonate solution depth. Periodi-
cally the solution volume of the constantly deposited car-
bonate changes.

Solution cycles. Model 8 (Berger, 1982). Global car-
bon cycles are responsible for changing carbon/oxygen re-
lation in the athmo- and hydrospheres.

Cycles of bioproductivity, dilution, solution. Model 9
(Fischer and Arthur, 1983). The whole history of the or-

Tab. 2
The mineral composition of rhythm elements according
to X-ray diffraction data

Limestone Marl
Calcite, % 88.8 69.7
Ilite, % 4.5 12.6
Mixedlay, % 0.7
Quartz, % 53 8.4
Rutile, % 0.8
Chilorite, % 0.4
Microcline, % 1.4
Montmorillonite, % 7.5




ganic world can be devided 1nto polytaxa and oligotaxa in-
ccur due to climatic variations, SLC.,

ton in rhythm elements and the in-
the thickness of limestones demonstrates cyc-

huances 0 the carbonate sedimentation (due to solu-
tion or bioproduction), Dilution cycles are proved by rela-
tively high content of bioclasts (Tab. 1) and terrestrial
material (Tab. 2) in marls and marly limestones. The so-
lution was caused by anoxic conditions in the sedimenta-
ry basin according to cyclic variations in distribution of
ichnofossils, pyrite concretions, etc. (Fig. 1). The author
proposes models 1, 2, 5 for this type of rhythmicity. The
rhythmicity in the Middle Cenomanian carbonates of Cri-
mea Basin is thought to be connected with the Milanko-
vitch eycles and is probably similar to carbonate rhythms
of other Cretaceous Tethyan Basins.
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Recently, the problem of the sedimentation of the Lo-
wer Cretaceous deposits from the Ukrainian Carpathians
is discussed, but sedimentary genetic types of these depo-
sits are not recognized. The sedimentary environment of
forming Barremian-Albian Spas and Shypot black shale
formations are considered in the article.

Spas formation (thickness 300 m) is located in the
Skyba tectonic unit (Vialov et al., 1981). It consists ma-
inly of hemipelagites — black and dark-grey claystones,
rarely marls and cherts. The macroscopic texture of the
claystones in uniform. Hemipelagites (background depo-
sits) comprise thin turbidite layers of bedded sandstones.
The sandstones are usually cross- and horizontal- lamina-
ted (Bouma’s textures CDE, rarely BCDE, ABCDE).

The Spas formation locally contain thick lenses (30 -
60 m) of massive sandstones (Tershiv member) without
lamination. These psammites are interpreted as grain flow
deposits.

Thus, the Spas formation consists of the following se-
dimentary genetic types: hemipelagites, thin bedded turbi-
dites and grain flow deposits. The Spas sedimentary sequ-
ence is compared with the continental slope foot complex
(Kennet 1982; Reading et al., 1986).

The Shypot formation (thickness 300 - 350 m) is deve-
loped in Chornogora, Svydovets, Krasnoshora, Duklya,
Krosno tectonic units (Vialov et al., 1981). The lower
part of the formation consists of hemipelagites (black and

Non-voleanic . Fore-arc . Passive continental margin
arc 2 trench
Marmarcosh . Blla Tissa- .
riappes Burcut
basin

dark-grey claystones, somewhere marls, limestones) with
thin intercalations of turbidites (bedded sandstones with
Bouma'’s texture CDE). These deposits are comparing
with the sediments of the continental floor.

The upper part of the Shypot formation is represented
by sandy turbidites (Bouma’s textures BCDE, ABCDE,
CDE). Background deposits — black claystones, firesto-
nes, - sporadically occur as thin intercalations within
thick bedded sandstones. The thick bedded turbidites of the
upper part of the formation are interpreted as lobe-like
accumulative bodies (Reading et al., 1986) of the conti-
nental floor.

The sedimentary features of the Spas and Shypot for-
mations indicate that they represent deposits of a continu-
ous particle by particle fallout from the water column
(background sediments) and grained deposits, recognized
as redeposited by various gravity flows. The Spas — Shy-
pot sedimentary basins were situated on the continental
slope foot of a passive continental margin (Figure).
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Fig. 1. Scheme of the paleotectonic location of the Spas and Shypot basins.

=+ s

Albian. | - hemipelagites. 2 - turbidites. 2 - deposits of the grain flow,
4 - thinned continental crust, 5 - nappe.



Mineralia Slovaca, 29 (1997), 273 - 274

Pyritization of Radiolaria in anoxic water column, anoxic deposits
of the Cenomanian/Turonian Boundary in the Pieniny Klippen Belt, Poland

ZBIGNIEW SAWLOWICZ and MARTA BAK

Institute of Geological Sciences, Jagiellonian University, Oleandry 2a,
30-063 Krakdw, Poland

Key words: Cenomanian, Turonian, Radiolaria, anoxy, diagenesis, Western Carpathian, Poland

Information about pyritized radiolarian skeletons are re-
latively common (e. g. Pessagno, 1976; Thurow, 1988;
Bak, 1996) but process of pyritization of radiolaria skele-
tons has not been described yet.

The pyritized radiolarian skeletons have been found in
the deposits of Czorsztyn, Niedzica, Branisko and Pieniny
successions of the Pieniny Klippen Belt around the Ceno-
manian/Turonian boundary. The excellent preserved pyri-
tized skeletons have been found within the marly and sil-
ty blue-grey shales of SneZnica Siltstone Member in the
Branisko Succession. The pyritized specimens belong
mostly to the cryptothoracic Nassellariina as Holocrypto-
canium ba) Dumitrica, Hemicryptocapsa tuberosa
Dumitrica and Hemicryptocapsa prepolyhedra Dumitrica.
Less abundant are Xitus maclughlini (Pessagno) and Tha-
narla pulcira (Squinabol). Typically pyrite very faithful-
ly replaces all originally siliceous skeleton elements of
studied specis with the finest details of ornamentati-
on, even in othoracic forms with thick abdomen
wall (e. g.: H ul, H. tuberculatum). At lower magni-
fications (below 1000x) SEM images reveal very even
surfaces of pyritized skeleton elements. However, higher
magnifications (3000 - 10000x) show that these skele-
tons are built of masses of small irregular grains of pyrite
(size about 0.5 um . intergrown or closely packed, some-
times with pores. Pyrite framboids are common in pyriti-
zed radiolarian skelztons. They typically oceur in two dif-
ferent positions: 1 hannels (pores); 2. inside of abdo-
men of cryptothoracic forms, attached to internal surface,
often at chan: t
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ca by pyrite as observed could not happened in a sediment
during and/or after burial. The following facts known
from literature may support this.idea: possibility of for-
mation of sulfides and pyrite framboids in anoxic waters
column (Skei, 1988; Canfield et al.,1996), rate of pyrite
formation which can be very fast, in specific cases even
in terms of days (Howarth, 1979), and sulfur isotope data
from the Black Sea which suggest a rapid water-column
formation of Fe-S (Lyons in Canfield et al., 1996).

The pyritization process started in the upper part of
anoxic water column where settling radiolarian skeletons
rich in organic matter were the sites of organic matter de-
composition and enhanced bacterial sulfate reduction pro-
ducing sulfide. Higher contents of dissolved iron in this
zone diffused to radiolarians and precipitated as iron sulfi-
des replacing opaline skeletons. Main controls of this
process were: 1. rate of opal skeleton dussolution, 2. rate
of bacterial sulfate reduction (BSR), 3. availability of dis-
solved iron.

Dissolution of silica radiolaria skeletons took place
during sinking in an anoxic water column. Hydrogen
sulfide is produced via BSR in radiolaria using organic
material from soft bodies and sulfates from the seawater.
Iron is supplied in dissolved from the seawater. Detail re-
placement occurs when precipitation of iron sulfide is
matched by dissolution of silica. Based on similarity bet-
ween size of grains building silica and pyrite skeletons
we suggest that replacement of silica by iron sulfides
could be grain for grain. If oxic/anoxic zone was too
high in the water column, when dissolution of siliceous
skeletons was not advanced enough, we could expect on-
ly incrustations on skeleton which during further disso-
lution could be lost. If oxic/anoxic zone was too low,
when siliceous radiolaria skeletons were already partly
dissolved, pyritization could not well preserve all morfo-
logical details.

Pyritization of only specific radiolaria species may be
explained by different dissolution rates. In the studied
sample the pyritization proceses comprised only selected
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species among the Nassellariina. This fact might sugested
that the pyritization took place into the waler column
where the opaline skeletons of these selected species of
Nassellariina were “ready* 1o be replaced by pyrite. We
found some difficulties in calculations of the water depth
on which the pyritization proces might started, because
there are not calculations concerning the habitat of live
these selected Cretaceous radiolarians taxa.

Pyrite framboids present in radiolaria were probably
formed after pyritization of framboids. They occur in free
space of skeleton and could form during diagenesis (even
late diagenesis if only BSR is still active) of the sedi-
ment, similarly as pyrite concretions.

The latter could replace siliceous radiolarian skeletons or
recrystallized former pyritized radiolaria during diagenesis.

Specific distribution of microfossils and pyritization in
the studied vertical section across Cenomanian/Turonian
in the Pieniny Klippen Belt seems to reflect changes in
water column chemistry during that period.
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phosphatic.
recognizab!

The seq nsists of limestones, phosphorites and
cherts. They form individual mutually intercalated strata.
Its thickness varies berween 8 - 10 - 15 m, sometimes up
to 40 - 50 m. The sequence is more phosphatic in the
central parts of t onian zone. At both flanks, in west
and east. the _rr.« ic facies was replaced by the carbo-
naceous ones.

The lowe

clobotruncana - rich lithology a well
“horizon.

he s
the Io
phat

sundary of the sequence is stressed by the

presence of reen clay layers, while the upper one is

gradual, w isition to the limestones with rare

phosphatic bands and 1o the pure limestones above.
Several detailed sections selected in various structures

of the Ionian Zons
The compos:
identical in

have been studied stratigraphically.
“microfaunistic associations is almost
with rare exceptions only. A blo-

om of the ri faunistic association dominated by
planl\mm“ fc fers (mainly by globotruncanids):
Marginorruncana renzi, M. schneegansi, M. coronata,

Globotruncana lapparenti, Marginotruncana sigali, Di-
carinella concavara. Rosita fornicata, over globigerinids,

radiolarians, pithonellids etc, was observed just above the
clay layer.

Coniacian age of this complex was determined on the
base of presence of index forms belonging to the Margi-
notruncana concavata Zone. The basemental rocks belong
to the Turonian Helvetoglobotruncana helvetica Zone.

The carbonates of the phosphatic - cherty strata biomic-
ritic mudstones composed of small grains (15 - 30 mic-
rons). They were deposited in deep basin out of the clas-
tic, terrigenous input. The argilaceous component is also
missing in high phosphatic strata. The presence of
phosphatic laminae, disseminated pyrite, organic matter
and traces of elements such as Pb, Zn, etc, testify the ori-
gin in a pelagic, reduced environment, at levels of mini-
mum oxygen depth. We suppose that laminated fabric of
phosphatic beds was formed by pristine phosphatized par-
ticles when the accumulation rate was higher than the
erosional one. During Coniacian, the Ionian Basin was a
pelagic basin prolonged from southeast to northwest. The
increase of thickness of phosphatic beds from central part
of the Ionian zone towards the east is result of the sea
bottom differentiation and of basin deepening in this di-
rection.

Thus, the phosphatic sequence was formed under deep
sea conditions, in a relatively calm tectonic reg:me of the
Ionian Basin.
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The presence of limestone strata in Lower Albian se-
quence of the KriZzna Nappe was documented by Mahel
and Kullmanova (1961), Borza (1980) and Mahel (1985).
Nevertheless, their importance for regional geology was
not appraised sufficiently for a long time. In spite of redu-
ced thickness (about 10 m) in a wide area reaching from
Homolka to Silov (up to 10 km), the limestone sequence
can serve as an important geological marker which divides
the monotonous Pédrnica Formation into two members.

The Lower Albian sequence consists of grey, dark -
arey, thick bedded, limestones with sporadic dark - grey
cherts bearing marks of extensive bioturbation. Mud -
supported biodetrital wackestones to packstones contain
less abundant lithic pellets and intraclasts. Among macro-
faunal remnants, the belemnite Neohibolites (Mahel and
Kullmanova, 1961) dominales over echinoderms (Szdre-
nyi, 1957) and ammonites represented by Douvilleiceras
(Rakds, 1977). :

Microfossil association consists of echinoderm frag-
ments, thick - wall bivalves, “filaments”, ostracods,
sponge spicules, radiolarians (Spumelaria), benthic fora-
minifers (Dororhia sp.), planktonic foraminifers (Hed-
bergella sp., Frondicularia sp.), calpionellids (Colomiel-
la sp.,) and Globochaete alpina Lombard. Organic rem-
nants are sporadicaly concentrated in lamina or accumula-
ted in nests.

Planktonic foraminifers (Ticinella sp.,) and ammonites
(Neohibolites gr. minimus Miller, Douvilleiceras ex. gr.

mamillatum (Schlotheim)) indicate Early Albian age of

the limestone sequence.

One of the most completed sections is exposed on nort-
hern slope of the Svinorné elevation point (southwards of
the Butkoy Mt) where the Albian limestone sequence is
in overturned position(Michalik and Vagiek, 1980). Un-
derlying sequence is built by grey - brown thick - bedded,
fine to coarse grained organodetrital, extensive recrystalli-
sed limestones. Biodetrite accumulations are often visible
on a weathered surface. Both the size- and abundance vari-
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ations of biodetritus were evaluated in the frame of limes-
tone strata.

Intrabiopelsparite grainstones, rarely intrabiopelmicros-
parite to intrabiopelmicrite wackestones to packstones
contain bioclasts scarcely attaining the rudite fraction (bi-
ointrapelsparrudit grainstones to rudstones). The matrix is
recrystalized, the cement being scarce. Besides thick -
wall bivalves (some of them belong to rudists), orbitoli-
nid foraminiferas (Orbitolina (Mesorbitolina) parva
Douglass dominated over ?Dictyoconus (determined by
Dr. E. Kéhler) planktonic foraminifers Ticinella sp. were
identified. Faunal association indicates Gargasian (Late
Aptian) age of the material in redeposited layers.

Due to sedimentological features described and to the
preservation state of organic fragments we conclude, that
the light coarse detrital limestones form fragments in flu-
xoturbidite bodies infilling channels in dark gray Lower
Albian limestones.
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New stratigraphic refinements of the Cretaceous stratigraphy of the Eastern
Albania (Mirdita and Krasta Zone) through the calcareous nannofossils
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The calcareous nannofossils of four stratigraphic sec-
tions belonging to the Tithonian-Berriasian (Ulza-Bush-
kazi section). Aptian-Albian (Derja section), Upper Apti-
an-Albian (Trebishti section) and Turonian-Maastrichtian
deposits (Ura e Milotit section), are investigated. The Ul-
za-Bushkazi section is located at the Western margin of
the Mirdita Ophiolite Zone, while the Trebishti section at
its Eastern margin. The Derja and Ura e Milotit sections
belong to the Krasta tectonic zone. The Tithonian-Beria-
sian formations (Mirdita zone) consist of two sequences:
(1) the ophiolite conglobreccias and (2) the marly flysch.
These formations are unconformable with subjacent ophi-
olites and Triassic-Jurassic limestones on both Eastern
and Western lite margins (Gjeologjia e Shqgiperise,
1990; Harta ogjike e Shqiperise, 1983). Within the
ophiolite conglobreccias of Ulza-Bushkazi section, an ar-
gillaceous bed occurs. The found nanofossils, Parhabdo-
lithus embergeri. Conusphaera mexicana minor, Conusp-

haera mexi mexicana, document the Tithonian. A
marly bed rich in nannoconus is evidenced within the
marly flvsch.

The main calcareous nannofossils are the following
ones: Nanng amptneri minor, Nannoconus kampt-

neri kampneri
nulatus, Micras
Berriasian. Th
bishti section

ipsis cuvillieri, Cretarhabdus cre-
thus obtusus. This association dates
¢r Aptian-Albian formations (Tre-
st of grey marly flysch. So far, this
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flysch is co d 10 be of Tithonian-Neocomian, being
analogous 1c v flysch (Gjeologjia e Shgiperise,
1990; Harta ( > ¢ Shqiperise, 1983). In fact, the

Rucinolithus
sphaera african
the Upper Apu
ward thrusts
formations be!

Eprolithus floralis, Braarudo-
tound in these sediments suggest
L1bian. In the Krasta zone, that West-
2 adjacent zone, the oldest known
the Aptian-Albian. These deposits
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consist of grey marly flysch similar to this one of Tre-
bishti. This flysch underlies the Senonian limestones
with Globotruncana. According to several authors, the
occurred foraminifera in the lowermost part of flysch indi-
cate the Albian, but the evidenced (Lula et al., 1981; Gje-
ologjia e Shqiperise, 1990), but the Micrantholitus obtu-
sus, Conusphaera mexicana mexicana, Rucinolithus irre-
gularis et al. suggest the Aptian. Upwards, Cribrosphae-
rella ehrenbergii, Eiffellithus turriseiffelii et al. are obser-
ved. This assemblage corresponds to the Albian. The ter-
rigenous section continues up to Turonian. Ura e Milotit
section consists of Turonian-Maastrichtian formations.
The found nannofossils are related to Turonian - Santoni-
an, Campanian and Maastrichtian. The Turonian-Santoni-
an formation are distinguisshed on the base of Quadrum
gartneri, Eprolithus floralis et al. Among the others, As-
pidolithus parcus and Eiffellithus eximius are recognized
within the Campanian deposits. Micula murus, Micula
prinsii et al. are found in Maastrichtian. Upper Maastri-
chtian-Eocene sediments of Krasta zone consists of
flysch. Summing up the obtained data,the Krasta zone
consists of two flyschs corresponding to abave and below
the Senonian. This important feature distinguish the
Krasta zone from the Cukali one which contains only the
upper flysch (Kici, 1988).
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Cretaceous correlations between Tethyan and Boreal Realms from Romania,
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The marine deposits of the Cretaceous are widespread in
different areas of Romania (Eastern and Southern Carpat-
hians, Moesian Platform, including its eastern part -
South Dobrogea, as well as the North Dobrogea, nearby
the Black Sea), both in pelagic and flysch facies.

Several sections from Romania, from different areas,
covering almost all the Cretaceous, have been studied
from the calcareous nannoplankton distribution point of
view. Besides the Tethyan and cosmopolitan taxa identifi-
ed in the nannofloral assemblages, some short intervals
offered also associations which contain Boreal species.

Typical Boreal nannoflora and macrofauna were identifi-
ed in the lower part of Late Valanginian ammonite Ver-
rucosum Zone. The Uppermost Barremian sediments,
which corresponds in Romania to the ammonite Meridio-
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nale Zone contain also Boreal macrofaunal and nannoflo-
ristic elements.

Concerning the Upper Cretaceous, a small group of
Boreal species was identified from the Lower Coniacian
(which correspond to the macrofaunistic level of Dydimo-
tis), as well as from the Upper Campanian (lower part)
and from the Upper Maastrichtian.

The presence of Boreal nannoflora within the Tethyan
calcareous nannoplankton assemblages from Romania in-
dicates intermittent marine connections between the Tet-
hys and the Boreal - Artic Ocean, via the Polish Trough.
This fact allows to extend the areal distribution of the
transitionary area between Tethyan and Boreal Realms up
to the East and South Carpathians, as well as to the Mo-
esian Platform.
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Cretaceous evolution of the Northeastern margin of the Friuli Platform

(NE Italy)
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Some successions of platform margin carbonates have
been recently analyzed in the Julian Prealps region (Eas-
tern Friuli) with the aim to examine the events and fac-
tors which caused the depositional evolution of the nort-
heastern sector the Friuli Platform. The succession of the
ludrio Valley (Fig. 1) is palaeogeographically and palaeo-
tectonically very important because it perpendicularly
cuts the northeastern margin of the Friuli Platform which
is connected to the Tolmin Basin. In this section five
main units have been recognized. The oldest unit (Valan-
ginian) identifies an outer platform sequence. Unit B
(Hauterivian-Barremian-Aptian-Albian) represents restric-
ted facies with interbedded some more open facies. Unit C
(Lower Cenomanian) is referred to open facies. Unit D
(Lower Senonian) is made up of ramp carbonate facies.
After a long growth phase, platform collapsed during the
Upper Senonian. Unit E (Maastrichtian) and two clastic
Paleogene units are respectively ascribed to preflysch and
flysch stages. Some sequence boundaries have been recog-
nized in the Iudrio section. On the base of these and of
the development of the different stratigraphic units exami-
ned in the wide area between Trieste karst and Tolmin
(Slovenia) a model is proposed (Fig. 2). It summarizes
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the most important data about the evolution of the mar-
gin during the Early Albian-Upper Senonian. Here the
ideal stratigraphic relationships are synthetically traced:
i. e. relationships between the karst inner platform limes-
tones, the platform margin carbonates (Iudrio succession),
the limestones of the slope in the zone of Mt. Mataiur
(Natisone Valley, Eastern Friuli) and the deep water basi-
nal deposits of Kolovrat-Tolmin region (W. Slovenia).
Early Aptian is a relevant period which is connected to
the middle Cretaceous orogenic phase. This phase produ-
ced remarkable gravity flow deposits at the lower slope
and in the Tolmin Basin and has had important consequ-
ences on the Friuli Platform. The lower Cenomanian car-
bonates make a typical ramp succession in Iudrio zone,
meanwhile a significant rearrangement of inner platform
facies occured, conversely, in the slope and basin areas
the coeval deposits are condensed or lacking. A new im-
portant tectonic phase during the upper Senonian modifi-
ed the framework of the northeastern margin of the Friuli
Platform which underwent a gradual collapse towards
SW. In the Tolmin Basin the carbonate turbiditic sedi-
mentation began (Volzana Lst) followed by preflysch and
flysch deposits of late Campanian-Maastrichtian age.
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Early Cretaceous deposits of the Great Caucasus (Azerbaijan): An overview
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Azerbaijan can be subdivided in 3 structural geological
units: the Alpine mountain ranges of the Minor Cauca-
sus in the south and the Great Caucasus in the north are
separated by the Kura Depression The present study will
give an update of a joint international effort carried out
under the umbrella of IGCP-Project No. 362 to interpret
the Azerbaijan section of the Great Caucasus in a geody-
namic model using modern concepts. It is stressed that
further research is necessary lo validate the (preliminary)
conclusions made in this study.

An important feature of the Great Caucasus is the fact
that sediments from the southern and northern slope are
different. The separation in a characteristic Southern Sedi-
mentary Domain (SSD) and Northern Sedimentary Doma-
in (NSD) already existed during the Early Jurassic. Volca-
nogenic sediments of Early to Middle Jurassic age were
deposited in the SSD and are interpreted to be related to
ocean floor spreading while the NSD was the site of nor-
mal marine sedimentation,

Cretaceous sediments from the SSD are generally depo-
sited in a deeper marine environment when compared with
sediments from the NSD. The hemi-pelagic nature of the
lowermost Cretaceous sediments from the SSD and NSD
are similar. Only the sediments of the SSD have a silicifi-
ed character suggesting sedimentation beneath “carbonate
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compensation depth” level. During the “Mid" Cretaceous
the SSD received mass-transported flysch-like sedimentati-
on. These flysch-like sediments contain a great percentage
of volcanogenic components. Hemi-pelagic circumstances
prevailed at the NSD during the “Mid” Cretaceous, turbi-
dites and other mass transported sedimentary features are
found here but do not dominate the sedimentation.

From the above it is concluded, that the separation of
the Great Caucasus in a SSD and NSD is caused by sea-
floor spreading during the Early Jurassic. Sediments of
the SSD were deposited in an oceanic or peri-oceanic do-
main while sediments of the NSD were deposited on co-
ntinental crust, The ocean/continent boundary separates
the SSD from the NSD. The onset of compression during
the Cretaceous resulted in further development in a cha-
racteristic SSD and NSD. The ocean/continent boundary
has probably been used as a zone of weakness to accom-
modate compressional stress built up. It is here prelimi-
nary concluded that during the Cretaceous the Great Cau-
casus became the site of a foreland basin. The SSD beca-
me a foreland basin during the Cretaceous whereby
flysch-like sediments were deposited in a deep oceanic en-
vironment. The NSD probably became a piggy-back ba-
sin during the Cretaceous whereby hemi-pelagic sedi-
ments were deposited in a less deep marine environment.
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Albian to Turonian deposits in the Polish part of the
Pieniny Klippen Belt comprise pelagic and shaly turbidite
facies. They represent products of rather shallow (shelf) to
deep-water environments, being relatively rich in radiola-
rian fauna as well as in planktonic and agglutinated fora-
minifers.

The Unitary Association approach has been combined
with the method based on first and the last appearance of
taxa for establishing the Radiolaria biozonation. Radiola-
rian zones (Holocryptocanium barbui, Hemicryptocapsa
prepolvhedra and Hemicryptocapsa polyhedra) (Tab. 1)
have been correlated with sligthtly modified Robaszynski
and Caron’s (1995) planktonic Foraminifera biozonation
(from Ticinella bejaouaensis to Dicarinella primitiva Zo-
nes), Some modification have been made by Bak (1997)
who took into account the pecularities of middle Cretace-
ous planktonic foraminifers distribution in the Pieniny
Klippen Belt if compared with the successions studied by
Robaszyriski and Caron (1. c.).

The benthic Foraminifera biozonation (from Haplop-
hragmoides nonioninoides to Uvigerinamina ex gr. jan-

koi zones) follows the scheme proposed by Geroch and
Nowak (1984), which has been applied by Bak et al.
(1995) to the Pieniny Klippen Belt successions.
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Tab. 1. Chart showing the tentative correlation of the planktonic (after Bak, 1997) and benthonic (after Geroch and Nowak, 1984) foraminiferal
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Introduction

The biostratigraphy in the Magura group of nappes of
the Carpathian Outer Flysch Belt is limited by usually
missing or poorly preserved calcareous micro- and nanno-
fossils especially in the Cretaceous to Lower Eocene sedi-
ments. From this point of view, the Uzgruii section is
very important, Pesl and Svabenicka (1988) reported from
this section the nannofossils of CC25 and CC26 nanno-
zones evidenced the Late Maastrichtian age of the sedi-
ments considered up to that time Paleocene. Rich fossil
content (foraminifers, radiolarians, calcareous nannofos-
sils) in the section has enable to apply the integrated mic-
robiostratigraphy approach.

Studied section

The Uzgrun section consists of several isolated out-
crops along the unnamed brook on the NNE of Uzgrui
settlement close to Czech-Slovak border. Faults and folds
disturb the section from place to place,

The Solin Formation is represented by predominantly
thin-bedded flysch with high claystone/sandstone ratio.
Green-grev and grey hemipelagic non-calcareous and tur-
bidite calcareous claystones prevail over fine-grain sand-
stones, siltstones and marlstones in the Maastrichtian
part. Thicker and more frequent sandstone beds occur in
the completely non-calcareous Paleocene part.

The Beloveza Formation is poorly outcropped. In its
lower part, the red-brown claystones probably predominat
containing several meters thick bodies of coarse sandsto-
nes. The upper part is thin bedded with predominance of
green-grey claystones over red-brown.

Autochthonous agglutinated assemblages and distal tur-
bidites indicate the sedimentation in lower turbidite fan
(margin of continental rise) below the CCD.

The turbidite calcareous claystones contained abundant
and well-preserved calcareous nannofossils and sporadical-
ly planktonic foraminifers. Non-calcareous hemipelagic

Maastrichtian, Paleocene, integrated microbiostratigraphy, sedimentology, Outer Western
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claystones contained abundant autochthonous agglutinated
foraminifers. In addition, we found well preserved (pyriti-
zed) radiolarians in several layers of claystones (both tur-
bidite and hemipelagic). ;

Foraminifers

Planktonic foraminifers are extremely rare in the Solan
Formation. Nevertheless the find of one test of Aba-
thomphalus mayareensis is stratigraphically important,
evidencing the Uppermost Maastrichtian A. mayaroensis
Zone.

Whole higher Lower Campanian - Maastrichtian inter-
val is time equivalent of the Hormosina gigantea Zone
sensu Geroch and Nowak (1984). Unfortunately, Hormo-
sina (=Caudammina) gigantea is completely missing in
the Uzgruii section. More detail subdivision of the Cam-
panian-Maastrichtian interval world-wide based on the
agglutinated foraminifers is still problematic.

The first occurrence of Rzehakina fissistomata defines
the base of the Rzehakina fissistomata Zone sensu Ge-
roch and Nowak (1984) and Bubik (1995) which is corre-
lated approximately by the K/T Boundary. At the outcrop
(point19) in the Uzgrun section, we observed the first
occurrence of this species approximately 5.6 m above the
last intercalation of calcareous claystone with Upper Maa-
strichtian nannofossils and Abathomphalus mayaroensis.
The K/T boundary is expected within this interval.

Other stratigraphically important species are Spiroplec-
tammina sp. 1 and “Trochammina” sp. 4 sensu Bubik
(1995), and Bulbobaculites fontinensis sensu Geroch
(1960). Last two mentioned species are promising for a
subdivision of the Paleocene R. fissistomata Zone.
“Trochammina™ sp. 4 is known till now from the Lo-
wer Paleocene (Bubik, 1995). Bulbobaculites fontinensis
occur in the youngest studied Paleocene strata of the Uz-
gruti section. This form is known till now from the Eo-
cene. The ranges of both taxa have anyhow to be defined
with more precision.
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Stratigraphic correlation chart of the Maastrichtian to Paleocene sediments in the Uzgrui section.

Radiolarians

The recognised low latitude radiolarian association from
the Soldi Formation is dominated by Nassellariinae be-
longing to the genera Cryptocapsa, Gongylothorax,
Cryptamphorella, Theocapsomma, Siphocampe, Rhopa-
losyringium, Myllocercion, Eostichomitra, Stichomitra,
Dictyomitra and Amphipyndax. Spumellariinage are less
common in association investigated. They are represented
by the genera as Pseudoaulophacus, Patellula, Praecono-
carvomma and Orbiculiforma.

The assemblage investigated can be correlated with the
late Campanian to Maastrichtian Amphipyndax tylotus
Zone of Foreman (1977), Theocapsomma comys Zone of
Riedel and Sanfilippo (1974) of approximately Maast-
richtian age, and Maastrichtian Orbiculiforma renillaefor-
mis interval Zone proposed by Pessagno (1976).

The assemblage from Uzgrui can be also correlated
with the Late Campanian to the latest Maastrichtian Li-
thomelissa ? hoplites Zone of Hollis (1992) based on pre-
sence of O. anillaeformis, A. stocki, M. acineton, E. asym-
batos and D. multicostata. Hollis (1992) defined the top
of this zone as the first appearance of Amphisphaera
aotea Hollis and dated it as the K/T boundary. Moreover,
radiolarian composition changes from Nassellarinae to
Spumellarinae dominance at the K/T boundary.

The radiolarian fauna composition in our assemblage is
dominant by Nassellarinae and also lacking A. aotea
what may prove its Cretaceous age.

Calcareous nannofossils

The nannofossil associations of the Soldn Formation
contained Maastrichtian species as Arkhangelskiella cymbi-
formis, Prediscosphaera grandis, Cribrosphaerella danae,
Lithraphidites quadratus and Ceratolithoides kampmeri.

The Late Maastrichtian age is documented by presence
of Micula murus (CC25¢ Zone) and by Nephrolithus fre-
quens (CC26 Zone sensu Sissingh, 1977 and Perch-Niel-
sen, 1985), Presence of Micula prinsii allowed the corre-
lation with the uppermost part of the Late Maastrichtian
(Perch-Nielsen, 1985).

In addition, the stratigraphically “youngest” nanno-
fossil assemblages contained the so called “survivor spe-
cies”, such as Markalius apertus, M. inversus and Placo-
zyvgus sigmoideus.

No Paleogene species were occur in the above mentio-
ned nannofossil associations. Unfortunately, the overlying
non-calcareous sequence that provided foraminifers of the
Paleocene age did not contain calcareous nannofossils.

In these Late Maastrichtian sediments, we observed
common occurrences of high- and low-latitude nanno-
fossils. Micula murus, M. prinsii and Lithraphidites
quadratus represent the Mediterranean elements. On the
other hand, Nephrolithus frequens that prefers cold-
temperate waters was also present. Moreover, the presen-
ce of Prediscosphaera stoveri, Biscutum coronum, B. bo-
letun and Monomarginatus quaternarites may be also
considered as the feature of the Boreal bioprovince.

Conclusions

Continuous section across the K/T boundary was ob-
served in the distal flysch sediments of the Soldi Forma-
tion. In the Maastrichtian, the high-resolution biostra-
tigraphy is based on calcareous nannofossils. In the com-
plete non-calcareous Paleocene part of the formation, ag-
glutinated foraminifers are only tool for biostratigraphy.

The nannofossils evidenced the influence of both Boreal
and Tethyan bioprovince on the Magura sedimentary area.

The Uzgruii section provided also interesting data on
the radiolarian biostratigraphy, considering the fact, that
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the well-documented sections containing Upper Creta-
ceous to Paleocene deposits with biostratigraphic control
are generally lacking.

There is no disproportion between the results from
single fossil groups at the studied section.
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The contribution compiles recent biostratigraphic
knowledge of Late Cretaceous sequences in both Eastern
and Southern Carpathians, northern and southern Dobro-
gea, based on several groups of fossil organisms. Ammo-
nite and inoceramid zonation has been studied by Szasz,
planktonic foraminifers by Ion and Szasz, calcareous nan-
noplankton by Melinte, dinoflagellates and palynomorphs
by Antonescu. The authors correlated their results with
standard ammonite zonation (Kennedy, 1984a, b; 1985),
inoceramid zonation from the german Basin (Tréger,
1989) and planktonic Foraminifera zonation (Robaszyn-
ski and Caron, 1983, 1984).

Fig 1- 4 captions: 1 - not investigated biostratigraphi-
cally; 2 - sedimentary gap; boundary marker bioevents for
the zones/subzones; 3 - first occurreance; 4 - last occurre-
ance; 5 - bloom; auxiliary; bioevents; 6 - first occurrence,
7 - last occurrence.

Key to fossils for figures 1 - 4: Macrofossils: B - Be-
lemnitella; Bo - Bostricoceras; Co - Conulus; Di - Di-
placmoceras; Ga - Gautiericeras; H - Hoplitoplacentice-
ras; Ho - Hoploscaphites; E - Echinocorys; 1 - Inocera-
mus; M(D) - Menabites (Delawarella); Mi - Micraster;
P - Pachydiscus; Pa - Parapuzosia; Pl - Pacenticeras;
Pr - Paratexanites; Px - Pseudoxybeloceras; Tx - Texa-
nites. ‘

Planktonic foraminifera: Ab - Abathomphalus; my -
Ab. mayaroensis; it - Ab. intermedius; Ct - Contusotrun-
cana; ct - Ct. contusa; fo - Ci. fornicata; m - Ct. manau-
rensis; D - Dicarinella; as. - D. asymetrica; bb - D. bi-
convexa biconvexa; bg - D. biconvexa gigantea; cv - D.
concavata; F - Falsotruncana; Fl - F. loeblichae; G -
Globotruncana; a - G. arca; ag - G. aegyptiaca; bu - G.
bulloides; es - G. esnehensis; fs - G. falsostuarti; gn - G.
gagnebini; | - G. linneiana; 1o - G. rosetta; rg - G. rugo-
sa; v - G. ventricosa; Gg - Globigerina; eu - G. eugubi-
na; Gl - Globotruncanella; gn - Globoconusa; Gs -
Gansserina; gs - Gs. gansseri; Gt - Globotruncanita; cl
- Gt. calecarata; cn - Gt. conica; el - Gt. elevata; fc - G,
Jalsocalearata; sf - Gt. stuartiformis; st - Gt. stuarti; H -
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Hedbergella; {1 - H. flandrini; he - Helvetoglobotruncana
helvetica; M - Marginotruncana; p - M. paraconcavata;
Sp - M. spinea; tf - M. tarfayensis; Pl - Plummerita; Ra -
Racemiguembelina; va - R. varians; Rt - Rugotruncana;
k - Rt. kefiana,

Dinoflagellates: Dy - Dinogymnium; De - D. euclaense;
Dm - D. majus; 1 - Isabelidinium; O - Odontochitina;
Ocr - O. cribropoda; Oop - O. operculata; Pif - Palaeo-
hystrichophora infusorioides; Su - Subtilisphaera; Si -
Senoniasphaera inornata; T - Talassiphora; Tp - T. pe-
lagica; Tc - Trichodinium castaneum; Tt - Trithirodini-
um; Tev - T. evittii; Tru - Triblastula utinensis; X - Xe-
nascus; Xce - X. ceratoides.

Pollen: C - Complexiopollis; Cv - Convexipollis; Cvc -
Cv. convexigerminallis; K - Krutzschipollis; M - Megat-
riopollis; Ms - M. santonius; Mg - M. glabrum; Oo -
Oculopollis orbicularis; P - Pseudopapilopollis; Ppr -
P. praesubhercynicus; Po - Pompeckjoidaepollenites;
Prot - Proteacidites; Ps - Pseudotrudopollis; Psps - Ps.
pseudalnoides; S - Suemeghipollis; St - S. triangularis;
Sem - Semioculopollis medius; Sub - Subtriporopolleni-
tes; Tn - Trudopollis cf. nonperfectus; Tr - Triporopol-
lenites.

Calcareous nannoplankton: a - Aspidolithus; pac - A. par-
cus constrictus; pap - A. parcus parcus; Ak - Arkhangel-
skiella; cyc - Ak. cymbiformis cymbiformis; cym - Ak
cymbiformis minor; Bt - Biantholithus; K - Kampinerius;
Lil - Liliasterites; ag - Lil. angularis; Lit - Lithastrinus;
g - Lit. grillit; s - Lit. septenarius; 1. - Lucianorhabdus;
cy - L. cayeuxii; m - L. maleformis; Lt - Lithraphidites;
pq - Lt. praequadratus; q - Lt. quadratus; M - Micula; d
- M. decussata; mu - M. murus; pr - M. prinsii; Ma -
Marthasterites; f - Ma. furcatus; N - Nephrolithus; fr -
N. frequens; Q - Quadrum; si - Q. sissinghii; tr - Q. trifi-
dum; R - Reinhardtites; an - R. antophorus; le - R. levis;
Tr - Tranalithus; Th - Thoracosphaera; ve - Ceratholit-
hoides verbeekii.
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The Albian ammonites, nannofossils and sequence stratigraphy in Bulgaria

MARIN IVANOV and KRISTALINA STOYKOVA
Geological Institute of the Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria

Key words: Albian, integrated, stratigraphy, ammonites, nannoplankton, sequence stratigraphy.

Bulgaria

The Albian sequences are well exposed on the territory
of North Bulgaria. They consist of sediments deposited in
differrent basinal zones. There are a number of condensed
sections (glauconite-phosphoritic sediments), as well as
typical thick deep-water successions (predominantly
marls).

The Albian Stage and its ammonite fauna have been a
subject of intensive research in the last decade (Ivanov and
Stoykova, 1990; Ivanov, 1991). In the present study, the
first attempt for direct calibration of ammonite, nanno-
fossil and eustatic events is made (Fig. 1). The base of
the Albian sequence is drawn by the first appearance of
the ammonite genus Leymeriella, at the base of L. tarde-
Sireata Zone. The first occurrence (FO) of the nannofos-
sil species Prediscosphaera aff. columnata is recorded
within the uppermost Aptian H. jacobi ammonite Zone.

In the lower part of the L.(L.) tenuicostata Subzone. a
distinct sequence boundary (SB 1) is recognised. The lat-
ter is washed-out on the slope margin, resulting in conde-
nsations. The following two sequence units spanning the
Lower Albian are represented by submarine wedges. The
FO of the calcareous nannofossil Cribrosphaera ehren-
bergii is restricted within the Early Albian L.(N.). regula-
ris Zone. In the upper part of the Lower Albian
(D. mammillatum Zone, below the base of P.(I.) eodenta-
fus Subzone), the next sequence boundary is registered
(SB 2). The nannofossil event FO of Tranolithus phace-
losus Talls within the P.(1.) eodentaniis Subzone.

The base of the Middle Albian is drawn at the base of
L. lyelli Subzone. It is marked by the appearance of the
index-species as well as the FO of the typical Hoplites.
Strong condensation in the basinal and marginal sections
are documented within the A. intermedius ammonite sub-
zone. The base of this subzone coincides with the next
sequence boundary. SB 4,

The base of the Upper Albian is drawn at the appea-
rance of the ammonite species Dipoloceras cristatum.

This substage boundary is equated to the base of E. tur-
riseiffelii nannofossil zone (CC 9), marked by the FO of
the index-species at the base of M. inflatum ammonite
zone (Fig. 1). It is a sharp limit, coinciding with the
base of the sequence unit 5 (SB 5). At least four 3-rd or-
der sequences can be identified within the Upper Albian
(SB 6-9).

The upper boundary of the Albian sequence is drawn at
the disappearance of the ammonites Steliczkaia dispar,
Ostlingoceras puzosianum, elc. No apparently reliable
nannofossil event occurs over the Albian/Cenomanian
boundary. The first simultaneous occurrence of the nan-
nofossils Cerollithion kennedyi and Lithraphidites acutum
is recorded some 10 m above the Albian/Cenomanian
boundary in ammonite terms.

The results obtained are based on direct combined am-
monite and nannofossil logging of 15 sections of the Al-
bian Stage, located in North-West and Central North Bul-
garia. This study was undertaken in the framework of the
Project No 505/95, financed by the Bulgarian Scientific
Foundation,
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Magnetostratigraphic and calpionellid biostratigraphic scales correlation
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Slovakia

The magnetostratigraphic scale of the Jurassic/Creta-
ceous boundary strata in the locality of Brodno (W. Slo-
vakia) is known in full details (Krs, Krsova, Pruner in
HouSa et al., 1996a, 1996b). Detailed study of calpionel-
lids in this strata makes possible to situate exactly the
position of the stratigraphically important events of cal-
pionellid associations in the magnetostratigraphic scale.

First specimens of Chitinoidella (Ch. slovenica, Ch. co-
lomi, Ch. dobeni) appear in the late reverse magnetozone
M20r, They dissapear in a short time already at the boun-
dary between M20r and M20n magnetozones, immediate-
ly before the appearence of Ch. boneti.

The M20n magnetozone is divided into two normal
magnetosubzones by short reverse magnetosubzone
(M20n - 1 in Ogg et al., 1991). We designate this reverse
magnetosubzone by the name “Kysuca”, In the younger
part of the early normal magnetosubzone (“Praekysuca”)
of the M20n magnetozone, acme of Ch. boneti oceurs.
Together with it Praetintinnopsella andrusovi appears.
Ch. boneti disappears by the end of Prackysuca magneto-
subzone, the latest specimens of P. andrusovi were detec-
ted in the basal part of the Kysuca reversed magnetosub-
zone, immediately before the appearence of first calpio-
nellids with full hyaline lorica.

First specimens of Calpionella grandalpina (base of
the Intermedia Subzone) appear on the base of the reverse
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magnetozone M19r. In the identical position, we found
this event on other sections studied too, e. g. Bosso (Ita-
ly) and Rio Argos (Spain).

Base of Calpionella alpina Standard Zone (J/C bounda-
ry) in Brodno is situated slightly above the center of the
normal M19n magnetozone. In the upper part of this
magnetozone, a short reverse magnetosubzone occurs. We
designate it by the name “Brodno™ reverse magnetosubzo-
ne. A short acme of Crassicollaria parvula in the Brodno
section is situated slightly below the middle between J/C
boundary and the Brodno reversed magnetosubzone. In the
identical position, we detected it in the Bosso section (Ita-
ly) too.
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Introduction

Calpionellids are distributed worldwide in (hemi)pelagic
rocks of the Tethyan belt (see Remane, 1985; Pop,
1994b) and are the only fossils allowing a biochronologic
zonation as precise as ammonite zonation. Although a
standard calpionellid zonation was established during the
second conference on planktonic organisms at Rome 1970
(Allemann et al.. 1971), until now no commonly accep-
ted biochronologic framework exists in terms of subzonal
division. Allemann et al. (1971: tab. 1) and Remane et al.
(1986, Stimeg meeting) gave comparative charts of the
subzonal divisions proposed until 1986. Because obvious-
ly these subdivisions were not satisfying, several new
proposals for the subdivision of the standard calpionellid
zones were published since then [Altiner and Ozkan
(1991), Oloriz et al, (1995), Pop (1994-1996), Blanc
(1995), Rehdkovi (1993), Griin and Blau (1997), Rehdko-
vi and Michalik (1997)]. The calpionellid zonations pub-
lished since the Siimeg meeting with the addition of
Trejo’s (1975-1980) zonation are compiled in Fig. 1.

Revised calpionellid zonal and subzonal division

Based on field data (Griin and Blau, 1996, 1997) and on
literature work. a revised zonal and subzonal biochronolo-
gic framework for the Calpionellidea is proposed. From
the Middle Tithonian to the (?) Late Hauterivian this fra-
mework comprises six calpionellid zones which are sub-
divided into 19 subzones. For accompanying annotations
see Griin and Blau (1997). Remarks are provided here on-
ly if subjects became changed since the latter work.

Chitinoidella Zone

Base: corresponds to the base of Dobeni Subzone.
Dobeni Subzone

Base: First occurrence (FO) Chitinoidellidae Griin and
Blau, 1997,
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Index: Chitinoidella dobeni Borza.

Boneti Subzone .

Base: FO of Chitinoidella boneti Doben.

Index: Chitinoidella boneti Doben.

Bermudezi Subzone

Base: FO Chitinoidella bermudezi Furrazola-Bermudez.
Index: Chitinoidella bermudezi Furrazola-Bermudez.
Andrusovi Subzone

Base: FO Praetintinnopsella andrusovi Borza.

Index: Praetintinnopsella andrusovi Borza.

Crassicollaria Zone

Base: corresponds to the base of the Remanei Subzone.
Remanei Subzone

Base: FO Calpionellidae Bonet.

Index: «Tintinnopsella» remanei Borza.

Intermedia Subzone

Base: FO Calpionella alpina (Lorenz) (large variety).
Index: Crassicollaria intermedia (Durand-Delga).
Catalanoi Subzone

Base: FO genus Remaniella.

Index: Remaniella catalanoi POP.

Calpionella Zone

Base: corresponds to the base of the Alpina Subzone.
Alpina Subzone

Base: FO Remaniella duranddelgai Pop.

Index: Calpionella alpina Lorenz.

Elliptica Subzone

Base: FO Calpionella elliptica Cadisch.

Index: Calpionella elliptica Cadisch.

Cadischiana Subzone

Base: FO Remaniella cadischiana (Colom).

Index: Remaniella cadischiana (Colom).

Remark: Remaniella cadischiana (Colom) was revised by
Griin and Blau (1996) and a lectotype choosen. Due to the
revision Remaniella cadischiana (Colom) now represents
a clearly determinable species.
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Fig. 1. Comparative chart of the revised biochronological calpionellid zonation and zonations published since the Slimeg meeting.

Calpionellopsis Zone

Base: corresponds to the base of the Simplex Subzone.
Simplex Subzone

Base: FO Calpionellopsis simplex (Colom).

Index: Calpionellopsis simplex (COLOM).

Oblonga Subzone

Base: FO Calpionellopsis oblonga (Cadisch).

Index: Calpionellopsis oblonga (Cadisch).

Filipescui Subzone

Base: FO Praecalpionellites filipescui Pop.

Index: Praecalpionellites filipescui Pop.

Murgeanui Subzone:

Base: FO Praecalpionellites murgeanui (Pop).

Index: Praecalpionellites murgeanui (Pop).

Dadayi Subzone:

Base: FO Praecalpionellites dadayi (Knauer),

Index: Praecalpionellites dadayi (Knauer).

Remark: The taxonomic validy of Praecalpionellites da-
dayi (Knauer) was demon-strated by Griin and Blau
(1996). According to their revision, Praecalpionellites
dadayi (Knauer) and Remaniella cadischiana (Colom) can

be clearly distinguished by means of metric data, lorica
shape, and collar construction.

Calpionellites Zone

Base: corresponds to the base of the Darderi Subzone.
Darderi Subzone

Base: FO Calpionellites darderi (Colom).

Index: Calpionellites darderi (Colom).

Major Subzone

Base: FO Calpionellites major (Colom).

Index: Calpionellites major (Colom).

Tintinnopsella Zone

Base: corresponds to the base of the gr. Hungarica Subzo-
ne.

gr. Hungarica Subzone: ,

Base: Last occurrence (LO) of the genus Calpionellites
Index: Lorenziella gr. hungarica Knauer and Nagy.

Buloti Subzone

Base: LO Praecalpionellites dadayi (Knauer).

Index: Tintinnopsella buloti Blanc.
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Remarks: The gr. Carpathica Subzone of Griin and Blau
(1997) is renamed herein to Buloti Subzone.
Calpionellid, ammonite, and absolute time scales

Fig. 2 shows a correlation chart of calpionellid chro-
nostratigraphic, ammonite chronostratigraphic, and abso-
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Fig. 2. Correlation chan of calpionellid, ammonite, and absolute time

lute time scales. Data for the absolute time scale are ta-
ken from Gradstein and Ogg (1996). All modern correlati-
ons between ammonite and calpionellid zones and subzo-
nes (Tithonian: Geyssant and Enay, 1991; Berriasian:
Zakharov et al., 1996; Valanginian: Bulot, 1996) still
use the calpionellid zonal scheme developed by Remane
(1963, 1964, 1971) and Le Hégarat and Remane (1968).
The correlations themselves are a graphical handfittet in-
terpolation with all its problems (Griin and Blau, 1997).

The Tithonian/Berriasian boundary is marked by the ba-
se of the Alpina Subzone (the base of Remane calpionel-
lid B Zone). This is accepted by Geyssant and Enay
(1991) and more recently by Zakharov et al. (1996).

The latter authors alsoprovide the data for the Berriasian
ammonite and calpionellid zonation which was modified
by us including the southeastern French Otopeta ammo-
nite zone and using the Alpillensis Ammonite Zone in
the sense of Bulot (1996) and the data on Early Valangi-
nian calpionellid biochronology. In fact, the definition of
the Valanginian base is a matter of controverse discussion
(see Bulot, 1996) and not yet solved. According to new
data (e.g., Blanc, 1995; Rehakova, 1995) calpionellids
extend until Late Haulerivian (see also Pop, 1994b).

Discussion

We present a revised zonal and subzonal biochronologic
scheme based on calpionellids. The lower boundaries of
the units of our scheme are well fitting with those of the
subdivisions of the Vocontian Trough (for detailed discus-
sion see Griin and Blau, 1997) worked out by Remane
(1963, 1964, 1971) and Le Hégarat and Remane (1968)
which, despite its limitations, acts as a «quasi-standard»
until now. The resolution of the revised (sub)zonation is
comparable to the one of ammonite (sub)zones. We want
not to «cement» any stage, zonal or subzonal correlations
with our zonation. which, at first, stands alone for the
calpionellids. In our point of view there are still a lot of
limitations in the exact correlation between ammonites
and calpionellids, which should be solved by an interdis-
ciplinary working group.

Additionally no commonly accepted zonation for the
Tethyan Early Cretaceous my means of ammonites is
published. Nearly each author uses his own scheme, alt-
hough Hoedemaker Company et al. (1993) proposed an
Early Cretaceous Mediterranean standard ammonite zona-
tion. Therefore, in our correlation we use a compiled
scheme, which surely cannot serve as a standard. The data
used herein are provided by Geyssant and Enay (1991);
Hoedemaker, Company et al. (1993); Blanc (1995); Bulot
et al. (1996), and Zakharov et al. (1996).

Our scheme can become much more refined by the in-
troduction of units in terms of faunal horizons (for basical
information see Callomon, 1984, 1995). Such a refine-
ment has to be tested in different profiles, sections with a
high sedimentation rate and therefore a good biochronolo-
gic resolution are to be preferred. A first attempt has been
made by Blanc (1995, see Fig. 1). The latter one raises
some questions. Blanc (1995) observes the first occurrence
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(FO) of Lorenziella hungarica Knauer and Nagy before
Praecalpionellites murgeanui (Pop), which is in contra-
diction to our observations from Ra Stua section (see
Griin and Blau, 1997). This can be explained by the diffi-
culties in separating morphologically the first Lorenziella
hungarica Knaver and Nagy from Lorenziella plicata Le
Hégarat and Remane, a problem discussed also by other
authors. For the present authors therefore the FO of Lo-
renziella hungarica Knauer and Nagy is not a sufficient
biostratigraphical marker. A second problem is Blanc’s
observation of the late FO of Remaniella cadischiana
(Colom), which is not shared by other authors. And at
least, the LO of Calpionellopsis is in zone D3 (Calpionel-
lopsis Zone) sensu Blanc (1995). It has been shown by
Griin and Blau (1997) and several other authors, that this
genus extends into Calpionellites Zone (Major Subzone).

Another problem is the early occurrence of Remaniella
in the Ra Stua section (Griin and Blau, 1996, 1997). This
event is the base for our introduction of Catalonoi Subzo-
ne but has not been detected by other authors until now.
It stresses the question, whether this is a local phenome-
non or can be recognized by reinvestigating known profi-
les. An alternative - but indeed non satisfying - explanati-
on is, that the «explosive» radiation of Calpionella alpi-
na reached the area of Ra Stua later than other regions.

For the base of Oblonga Subzone two different defini-
tions exist in literature. For the Vocontian Trough Le
Hégarat and Remane (1968) based the D2 Subzone on the
predominance of Calpionellopsis oblonga (Cadisch) over
Calpionellopsis simplex (Colom). In Remane et al.
(1986) the base of the Oblonga Subzone is defined with
the FO of Calpionellopsis oblonga bul there it is descri-
bed as comprising the D2/D3 Subzone of the Vocontian
Trough. Therefore we supposed that authors who worked
with the Vocontian Zonation (A-E) used the D2 Subzone
as defined in Le Hégarat and Remane (1968) (e. g. Altiner
and Ozkan, 1991) and the others were working with the
Oblonga Subzone established by the FO of Calpionellop-
sis oblonga (Cadisch).
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The results of a joint biostratigraphic investigation on
three planktonic microfossil groups (calpionellids, calca-
reous nannofossils and calcareous dinocysts) from conti-
nuous successions of pelagic carbonates in the Western
Balkanides have enabled a fine zonal and subzonal subdi-
vision of the Tithonian, Berriasian and Valanginian Sta-
ges. Three formations have been studied: Gintsi Forma-
tion (pink and gray nodular limestones), Glozhene For-
mation (gray micritic limestones) and Salash Formation
(micritic limestones, clayey limestones and marls)
(Fig. 1).

The purposes of this study are: to obtain authentic, de-
tailed and integrated data on the vertical distribution of
calpionellid. nannofossil and calcareous dinocyst species
by co-sampling of same levels at same sections; to select
characteristic bioevents, mainly first occurrence data, wit-
hin the parallel successions of the three microfossil
groups: to evaluate the biostratigraphic potential of the
selected bioevents for refining and enhancing the resolu-
tion of Tithonian to Valanginian zonal schemes,

A total of 117 microfossil species are identified (40 cal-
pionellids, 48 calcareous nannofossils and 29 calcareous
dinocysts) in the Tithonian, Berriasian and Valanginian
successions. Range-chart of selected species from Barlya
section is shown in Fig. 1. Starting from the Middle Ti-
thonian, the sections are divided into 7 calpionellid zones
and 12 subzones on the basis of 15 successive bioevents
widely recognized in the Tethyan Realm. Three additional
calpionellid events are potential candidates for lower
boundaries of subzones. The evolution of the calcareous
nannoplankton during the Late Kimmeridgian to Valangi-
nian shows 22 successive events which are not uniformly
distributed across the sections but form 5 groups of bio-
events. The nannofossil zonation consists of 5 Tethyan
and regional zones. As for the calcareous dinocysts, 14
events are selected thus enabling a subdivision into 9 to-
tal-range and interval zones. Among them, 2 zones in the
Valanginian are introduced here as regional zones for the
first time in the Tethyan Lower Cretaceous. The micro-
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fossil zonations of the Tithonian, Berriasian and Valangi-
nian in the Western Balkanides are comparable to earlier
zonal schemes proposed by Pop (1994), Bralower et al.
(1989) and Rehanek (1992).

As a rule, the bioevents recorded in the evolution of the
calpionellids, calcareous nannofossils and calcareous dino-
cysts do not coincide (Fig. 2). The accumulated number
of successive, non-coinciding bioevents in the three
groups is 42 which enhances the potential for a high-
resolution microbiostratigraphy of the Tithonian, Berria-
sian and Valanginian. The common study of the three
microfossil groups ensures also a shared control between
the registered events by direct calibrations. In cases of
coincidence of bioevents in two or in all the three groups,
it further increases the argumentation of the zonal subdi-
visions. Calpionellid, nannofossil and calcareous dinocyst
events across the Tithonian/Berriasian and Berriasian/Va-
langinian boundary intervals are of special interest.

The results obtained by common study of different fos-
sil groups clearly reveal the advantages of this approach
for establishment of accurate. fine and reliable biostrati-
graphic standards of the Tethyan Upper Jurassic and Lo-
wer Crelaceous stages.

This work was undertaken in the framework of Project
72/95-96 “Mesozoic correlations of the Moesian Plat-
form” funded by the Peri-Tethyan Programme and Project
515/95 of the Bulgarian Scientific Fund.
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It is known that the phylitic evolution of Tithonian to
Hauterivian praecalpionellids and calpionellids was mar-
ked by many events, particularly the first (FO) and the
last (LO) occurrences, in a relatively short span of time
(about 22 Ma) Some of these events were observed over a
large Tethyan area and used as biozonal boundaries in a
great number of related studies (see: Rename, 1969,
1985, 1986; Alemann et al., 1971; Grandesso, 1977; Tre-
jo, 1978; Borza, 1984; Remane et al., 1986; Pop, 1994;
and many others). These contributions have inevitably led
to a high-resolution biochronologic model, which is an
important tool in the detailed geological correlations.
There are also several other bioevents, especiaily concer-
ning the new taxa recently identified, which suggest that
the biochronologic potential of these microorganisms
may be improved using additional data (Fig. 1).

Consequently, the adopted model includes successive
biozones of which six are divided into some subzones.
All the biochronologic units are here defined by their lo-
wer boundaries. Chitinoidella Zone (late Early to earliest
Late Tithonian) is divided into Dobeni Subzone and Bo-
neti Subzone, which are defined by the FO of Chitinoidel-
lidae (= zonal boundary) represented by that of Longicol-
laria dobeni, and of Chitinoidella boneti respectively.
Within Dobeni Subzone, several other chitinoidellid spe-
cies occur: Daciella danubica, D. svinitensis, D. banatica,
D. almajica, Carpathella rumanica, Dobeniella tithonica,
D. bermudezi, D. cubensis, Borziella slovenica, and Cy-
lindrella insueta. Chitinoidella elongata occurs within Bo-
neti Subzone.

Praetintinnopsella Zone (early Late Tithonian p. p.) is
distinguished by the FO of P. andrusovi. Crassicollaria
Zone (Late Tithonian p. p.) includes three subzones na-
med Parvula (nom. Nov.), Intermedia (sensu Pop, 1994)
and Colomi; they are delimited by the FO of Calpionel-
lidae (= zonal boundary), of large Calpionella alpina and
of elongated C. alpina and/or of Crassicollaria colomi
respectively. According to the last data, the FO of calpi-
onellid species from the Parvula Zone should be inde-

304

pendent events, given by the polyphyletic evolution (pa-
rallel lineages) from chitinoidellids to calpionellids, and
placed very close to the lower zonal boundary. The new
name of this first subzone was claimed because Tintin-
nopsella remanei was considered a synonym of Loren-
ziella hungarica.

Calpionella Zone (Early to Middle Berriasian) compri-
ses four subzones: Alpina, Ferasini (Early Berriasian), El-
liptica and Longa (Middle Berriasian), which are defined
by the following bioevents: sudden increase in abundance
of small- to medium-sized Calpionella alpina (= zonal
and Jurassic-Cretaceous boundaries), and the FO of Re-
maniella ferasini, of Calpionella elliptica and of Tin-
tinnopsella longa. Within these subzones other species of
the genus Remaniella occur (R. catalanoi, R. duranddel-
gai, R. colomi, R. filipescui, R. cadischianay).

Calpionellopsis Zone (Late Berriasian to earliest Early
Valanginian) is divided into Simplex, Oblonga and Mur-
geanui subzones on the basis of FO levels of Calpionel-
lopsis simplex (= zonal boundary), Cs. oblonga and Prae-
calpionellites murgeanui. Other bioevents within these
subzones are also pointed out: FO of Sturiefla dolomitica
and S. oblonga, and LO of Calpionella elliptica, Calpio-
nellopsis simplex and Calpionella alpina. Calpionellites
Zone (Early p. p. to earliest Late Valanginian) includes
Darderi and Major subzones with their lower boundaries
marked by the FO of Calpionellites darderi (= zonal
boundary) and of Cr. major. Some other species occur
within the two subzones, such as: Calpionellites uncina-
fa, Ct. coronata, Ct. caravacaensis and Praecalpionellites
siriniaensis. The extinction of several calpionellid species
is also noted.

Tintinnopsella Zone (Late Valanginian p. p. - Hauteri-
vian) in tentatively divided into Cadischiana and Carpathi-
ca subzones using the LO of Calpionellites (= zonal boun-
dary) and of Remaniella cadischiana. The upper boundary
of this last zone is given by the LO of Tintinnopsella
carpathica. Practically, the above biozones may be recog-
nized by their relatively unitary assemblages.
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Calpionellids represent a small planktonic protozoan
group with calcitic loricas. They are largely widespread in
the Middle Tithonian to Hauterivian basinal carbonate for-
mations. Calpionellids were distributed over a large
geographic area from Mexico and western North Atlantic
to Tibet, possibly to New Guinea, where they exibit gene-
rally the same morphological aspects and assemblages.
The phyletic evolution of these microorganisms includes a
number of events very favourable for detailed interregional
and intercontinental correlation of the carbonate deposits of
pelagic origin, mainly in regions such as Western Carpat-
hians are, where cephalopod remains (ammonites, belemni-
te rostra, aptychi) are very rare (Vasicek et al., 1994). Late
Tithonian to Early Albian interval is represented by regu-
larly bedded white to grey cherty pelagic limestone sequen-
ce in contact with the underlying Ammonitico Rosso (or
with more basinal marly limestone and marlstones). The
biostratigraphic framework was based on calpionellid di-
stribution supplemented by calcareous nannofossil, calcare-
ous dinoflagellate, planktonic foraminifer, radiolarian as
well as ammonite and aptychi zonations (Hoedemaeker et
al., 1993; Pop, 1994; Rehdkova, 1995; Vasitek, 1994).

The correlation of Upper Jurassic - Early Cretaceous
calpionellid events to the sea - level fluctuations (Fig. 1)
has been established in several Carpathian, Alpine and
Spanish sections. At this time, N European shelf margin
was the site of pelagic carbonate sedimentation with local
threshold and reefal developments.

Calpionellids with microgranular loricas appeared du-
ring Middle Tithonian, starting with the Dobeni Subzone
of the Chitinoidella Zone. According to quantitative eva-
luation, the chitinoidellids reached their diversity maxi-
mum during the Boneti subzone, It coincides with the re-
gressive (lowstand) interval Ti-3.

Sudden change of the lorica ultrastructure (from micro-
granular to hvaline tests) in the Praetintinnopsella Zone ref-
lects a period of calcium carbonate hypersaturation of the sea
- water, which triggered mass evolution of calcitic tests pro-
ducing microorganisms (Rehédkové and Michalik 1997).

An expressive change at Ti-4 (end of Early Tithonian)
was accompanied by a decrease of terrigeneous clastic in-
put, by a decrease of calcareous dinoflagellate plankton
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abundance, and by rapid evolution of both calpionellids
and calcareous nannoplankton. These facts indicate possib-
le aridization of climate. Hyaline calpionellids reached their
maximum diversity during the regressive (lowstand) Ti-5
period in the Brevis Subzone of the Crassicollaria Zone.

Another, shorter significant event in the plankton evolution
possibly connected with an abrupt climatic change happened
during topmost Tithonian (Ti-7) Colomi Subzone. Relatively
diversified crassicollarian and nannoconid associations were re-
treated by poorly diversified (opportunistic ?) Alpina Subzone
microplankton. Transgressive Be-1 interval is characterized by
alow calpionellid diversity. Small sphaerical Calpionella alpi-
na became dominant in the rock record of this time interval.

New calpionellid diversity maximum with high radia-
tion appeared during the Elliptica Subzone of the Calpio-
nella Zone. It coincides with the Be-4 regressive period.
On elevated zones, high diversity and radiation persisted
since the Oblonga Subzone of the Calpionellopsis Zone.
Weathering, erosion and runoff recorded during the expres-
sive Be-7 sea level drop event was accompanied by an
increase of the dinoflagellate abundance.

Terrigeneous influx renewed during the Late Valangini-
an Va-4 lowstand. It coincides with the positive excur-
sion of 8" C connected with greenhouse climatic conditi-
ons. This excursion coincides with an increased accumu-
lation of terrigenous clastics (the Oravice event). Supply
of terrestrial organic matter has been related to increased
river discharge. It is also the indicator of an intensified
hydrological cycling. At the same time, abrupt decrease
in calpionellid abundance and diversity was recorded. Si-
milar event was observed in nannoconid evolution, The
increasing temperature accompaning an extensive climatic
change could caused the failure of calpionellids (with the
exception of Tintinnopsella) to produce calcitic loricas.
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Magnetostratigraphic studies across the Jurassic/Creta-
ceous (J/C) boundary strata at the locality of Brodno near
Zilina (Western Carpathians) resulted into detection of
magnetozones M17 to M21, including two narrow reverse
subzones in the normal zones M 19 and M20, cf. HouSa et
al., 1996a, b. These high-resolution magnetostratigraphic
data offer a reliable alternative method of identifying chro-
nologically identical sections in distant regions and can
potentially be used to correlate globally biostratigraphic
zonations in the Tethyan realm near the J/C boundary.
Consequently, the magnelostratigraphic studies, in addi-
tion to those from the Brodno near Zilina and other locali-
ties in the Western Carpathians, were extended to next lo-
calities in the Tethyan realm, namely to the Rio Argos
(Caravaca, SE. Spain), Carcabuey (S. Spain) and the
Bosso Valley (Umbria, central Italy),

The section of the Rio Argos covering the Early Creta-
ceous limestone strata was chosen due to its importance,
detailed geological and palacontological documentation
and good exposure of individual strata (Hoedemaeker and
Leereveld, 1995). Altogether 361 oriented hand samples
were collected covering the uppermost Tithonian, Berriasi-
an, Valanginian, Hauterivian, Barremian and the Early Ap-
tian beds. All the collected samples were subjected to sys-
tematic thermal or combined demagnetization. Thermal de-
magnetization was carried out by means of the MAVACS
apparatus (Pfihoda et al., 1989) at relatively dense steps up
to 590 °C, in many cases up to 690 °C. Multi-component
analysis was applied to separation of respective remanent
magnetization components, Fisher’s (1953) statistics were
used for the calculation of the mean directions of separated
components in combination with fold tests. The majority
of samples shows three components of remanence, A-, B-
and C-components. The studied limestones could be divi-
ded into two groups of rocks, the first group with syn-
folding magnetization, and the latter group of limestones
totally remagnetized in the Neogene. Figs. 1 and 2 show
stereographic projection of B-components (mostly inferred
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in temperature intervals of 100 to 400 °C) of remanence of
samples with syn-folding magnetization corrected and not
corrected for dip of rocks. Table 1 summarizes the mean
values of declination (Decl.), inclination (Incl.) of separa-
ted B-components, g5 and k for samples not corrected for
the dip of strata (correction 0 %), and for samples fully
corrected for the dip of strata (correction 100 %) as well as
for transitional dip corrections at 10 to 90 %. These data
indicate syn-folding origin of the B-components of rema-
nence. The B-components are with the exception of three
samples only normally polarized, what also excludes the
syn-sedimentary origin of the B-components of remanence.
The B-components of totally remagnetized samples (with
post-folding magnetization) are shown on Fig. 3 clearly
indicating the Neogene age of total overprint. The C-
components of weakly magnetic samples derived in tempe-
rature intervals above 400 °C showed too big scatter and
were not applicable to fold tests.

The study of anisotropy of magnetic susceptibility re-
sulted into the conclusion that the fabric of limestones of
both the groups of samples either partially or totally re-
magnetized showed the same features. The axes of mini-
mum anisotropy are vertical (normal to bedding) and the
axes of maximum and intermediate anisotropy are contai-
ned within the bedding plane. Foliation dominates over
lineation, what is common for the sedimentary-type fab-
rics. However, the limestones under study display no
signs of thermal, hydrothermal, chemical. dynamometa-
morphic or other alterations. Apart from few samples to-
tally weathered (with unblocking temperatures below
100 °C indicating presence of goethite), magnetite with
well defined unblocking temperature around 540 °C was
found as the principal carrier of remanent magnetization.
The limestones from the Rio Argos were either syn-
tectonically or post-tectonically totally remagnetized, and
thus they were found not suitable for derivation of magne-
tostratigraphic scales (Krs et al., 1996; Hoedemaeker et
al., submitted for press).
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Sz I Rio Argos. Directions of B-comiponents of remanence of limestone samples with syn-tectonic magnetization, not corrected for dip of rocks.

The main objective for high-resolution magnetostrati-
rapny was to select a new locality in Spain with conti-
ruocs sedimentation and good palacontological record along
e 1'C boundary strata. Two sections of red to white am-
nite-rich pelagic limestones spanning the complete
wmenidzian and most of the Tithonian were studied at
Siemz Gorda and Carcabuey some years ago (Ogg et al.,

—  However, a new locality distanced about 2 kms from
nc orevous one and representing a broader section of J/C
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other tests it was proved to be the carrier of palacomagnetic
directions. Consequently, the locality at Carcabuey studied
recently by Tavera et al. (1994) is proposed for high-resolu-
tion magnetostratigraphic studies in the next programme.
in relation to similar studies in Brodno (W. Carpathians.
Slovakia) and the Bosso Valley (Umbria. central Italy).

A section of the Early Cretaceous Maiolica pelagic li-
mestone, of thickness of 110 m, in the Bosso Valley
(Umbria, central Italy) was studied by Lowrie and Channell
(1983). Clearly defined magnetozones were outlined which
were correlated with palacomagnetic polarity records derived
from the M-sequence of marine magnetic anomalies. The
dominant magnetic mineral carrying the fossil record of the
palacomagnetic field is magnetite, its content is low, con-
sequently, the moduli of remanent magnetization are gene
rally low. In order to prepare the Bosso profile for high
resolution magnetostratigraphy, the broader section of th
J/C boundary strata was resampled by V. Houla, M. Kr
and P. Pruner in 1996. Results so far obtained are sumnsz
rized in Fig. 4. The critical section at the Bosso Valle
shall be resampled at a higher density with the aim to dete.
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Fig. 3. Rio Argos. Direction of B-components of remanence of limes-
tone samples totally remagnetized during the Neogene, not corrected
for dip of rocks.

Tab. |
Rio Argos. Mean directions of B-components of remanence of sam-
ples with syn-folding magnetization

Corr. for dip (%) Mean directions Clgs Kk n
Decl. Incl.

100 38.90 4920 4.46" 6.67 176
90 36.5¢ 46.7" 4.45" 6.69 176
80 34.3° 4420 4.45° 6.70 176
70 32,39 41.5¢ 4.45° 6.69 176
60 30.3° 38.7" 4.46° 6.67 176
50 28.5° 35.8¢ 4.48° 6.62 176
40 26.9¢ 32.90 4.50° 6.56 176
30 25,3° 30.07 4.56" 6.48 176
20 23.9¢ 27.1° 4.57° 6.39 176
10 226" 24.3¢ 4.61" 6.29 176

0 21.4° 21,57 4.66" 6.19 176

precisely the narrow reverse subzones in magnetozones
M19n and M20n. Palaeontological zonation based on cal-
pionellids will be established in relation to magnetozones
and reverse subzones in a similar way as was done for the
locality of Brodno, W. Carpathians (HouSa et al., 1996a, b).
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Coniacian and Santonian sediments and their fossil content
have been extensively described from different sections of the
Navarro-Cantabrian Basin (NCB) and the North Castilian Plat-
form (NCP). The presence of Platyceramus undulatoplicatus
(Roemer), whose lowest occurrence was proposed (Second In-
ternational Symposium on Cretaceous Stage Boundaries, Brus-
sels 1995) as the primary marker for the Coniacian-Santonian
boundary, has been reported in several of them, e. g. Boveda,
Fresneda, Lastras de la Torre, Mambliga, Ormijana, Oteo, and
Villacian sections in the Valle de Losa (NCB, Burgos provin-
ce); La Mesa, Nidaguila, Torme, Turzo, and Villamartin sec-
tions in the Alto Ebro region (NCP, Burgos province); Cabo
Menor section in Santander (NCB); and Olazagutia section in
La Barranca (NCB, Navarra province). The last one, the Olaza-
gutia section, was selected during the same Symposium as a
candidate for Boundary Stratotype Section and M. Lamolda
was asked to collate data and report to the Chairman.

We visited the section last June for general geological
observations and to sample for biostratigraphy (macro and
microfossils), taphonomy and isotope stratigraphy purpo-
ses, to fulfil the requirements of a formal proposal. Al-
though before completing the study of the samples, some
of which have been sent to other scientists, we can com-
municate some preliminary observations.

The Olazagutia section is located in the Eguibil marl
Quarry, exploited by Cementos Portland. Qutcropping
materials range from the Coniacian to the Campanian.
The upper Coniacian-lower Santonian interval is a highly
expanded sequence of marls with some intercalation of
marly limestone, although in the upper part some lime-
stone levels appear, and yields inoceramid bivalves, am-
monites, echinoids, foraminifera and nannofossils; geo-
chemical markers are being investigated. The boundary
interval crops out at the main ramp for access to the
quarry front, constituting a durable and periodically main-
tained outcrop (the society responsible of the exploitation
took this compromise), and at the quarry front, giving a
continuous source of new material for collecting.

Six Platyceramus undulatoplicatus levels occur in an
interval of approximately six meltres; these levels have
been recognised in the main outcrop and in different parts
of the quarry. The specimens could come to reach a great

size, complete specimens of even 35.0 cm high, as well
as fragments of ribs that would correspond to specimens

“estimated as reaching 50.0 cm of high, have been collec-
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ted. The inoceramid concentrations are concordant (o the
sediment and are laterally continuous, showing a “pave-
ment” geometry. They are matrix-supported and mainly
polytypic in the western part of the quarry. there inocera-
mids co-occur with other bivalves, echinoids and spon-
ges, While in the eastern part they are bioclastic- suppor-
ted, mainly monotypic and the number of individuals is
greater, showing a stacking fabric in cross section. Platy-
ceramus rhomboides (Seitz), that presents some growth
stages very similar to those of P. undulatoplicatus, is the
only other inoceramid species occurring in this interval.

Below the first occurrence of P, undulatoplicatus, inoce-
ramid fauna is represented by the Magadiceramus sub-
quadratus (Schlueter) association, being more abundant
the species index, Magadiceramus subquadratus subqua-
drartus (Schlueter). Above the last occurrence, some species
of the Cordiceramus and Platyceramus genera have also
been recognised, like it is the case of Cordiceramus buel-
tenensis (Seitz), Platyceramus cycloides cycloides (Wegner)
and P. cycloides ahsenensis (Seilz). The first P. cycloides
cycloides occur from 1 metre above the last occurrence of
P. undulatoplicatus until 200 metres above; it is especially
abundant and the specimens reach a great size, of even 27.0
cm high, at levels located at 50 and 150 m respectively.

Ammonite fauna is not particularly abundant, and it is to
remark that the first texanitid occurrence reported until now
is 120 m above the first occurrence of P. undulatoplicatus.

Echinoids are the most abundant macrofossils. Genus
Micraster first appears 45 m below the first P. undulatopli-
catus and it continues appearing as far as the top levels of
the quarry (Campanian), Hemiaster also appears in the same
levels but it is not so continuous, being found again some
20 m below and then, some 7 to 10 m over the first P. un-
dulatoplicatus level. Cardiaster integer (Agassiz) appears
2 m below the first P. undulatoplicatus level and goes over
it across levels more or less 100 m thick. Echinocorys first
occurrence is only 4 m over the last P. undulatoplicatus and
lasts as long as C. integer. Offaster seems to be limited to a
single event, 14 m over the last P. undulatoplicatus.
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The Palacontological and Palacomagnetic Departments
of the Geological Institute of the Czech Academy of
Sciences started in 1992 a joint project of magnetostrati-
graphic investigations of the Tithonian-Berriasian boun-
dary strata at two localities in the Western Carpathians,
Brodno near Zilina, W. Slovakia, and Stramberk, N.
Moravia, The above studies were preceded by petromagne-
tic and palaeomagnetic investigations of the pilot sam-
ples collected from five localities in the Western Car-
pathians. All the five localities were found suitable for
magnetostratigraphic investigations, but the Brodno lo-
cality was given preference due to its suitable geological
and palaeontological conditions (Hou$a et al., 1996a, b).
The aim was to determine the principal biostratigraphic
boundaries in reference to magnetostratigraphic scales and
to prepare data for the next correlations between biostra-
tigraphic zonations in the Tethyan and Boreal realms.

Magnetostratigraphic and biostratigraphic investiga-
tions carried out at the Brodno locality confirmed fully
the geological assumption that a sedimentation in a quiet
basin is fundamental for preservation of a continuous fos-
sil record of accurately defined geomagnetic polarity zo-
nes. Samples for micropalaeontological and magnetostra-
tigraphic analyses were collected independently, but in re-
ference to the same strata labelled with numbers. Boun-
dary positions of biozones and magnetozones were inter-
preted more accurately during additional and repeated col-
lection of samples. Ammonites are missing at the Brodno
locality, consequently, only associations of calpionellids
were used for correlation.

Selected pilot samples were subjected to magnetic mi-
neralogy studies. The unblocking temperatures of bet-
ween 540° to 560 °C suggest the presence of magnetite.
The magnetite as the principal carrier of magnetization
was confirmed by magnetic measurement (unblocking
temperatures determined on natural samples and pilot
samples subjected to saturation magnetization) as well as
by X-ray diffraction studies. Few samples exhibited also
a small fraction of a mineral with an unblocking tempe-

312

rature below 680 °C, evidently due to a small admixture
of haematite.

The measured remanence data were subjected to the
multi-component analysis (Kirschvink, 1980). All sam-
ples exhibit high proportions of secondary magnetization
(viscous magnetization and chemo- remanent magnetiza-
tion conditioned by weathering). The laboratory measure-
ments indicated that the palacomagnetization carrier is
magnetite. evidently fine-grained magnetite which is in
accordance with results from other localities in the Te-
thyan realm and generally with results obtained in sam-
ples of marine shallow-water carbonates. The interpreted
magnetozones were published in the papers by Hou3a et
al. (1996a, b). The pattern of normal and reverse polarity
magnetozones from M17 to M21 correlates well with
magnetozones derived in the regions of Foza (north Italy),
Bosso Valley (Umbria, central Italy) and with marine M
(Mesozoic) anomalies. It is of significance, that a very
narrow subzone was detected in the younger part of the
magnetozone M19n well correlating with a similar sub-
zone in the marine magnetic M anomalies. The base of
the standard Calpionella Zone, i. e. the Jurassic/Creta-
ceous boundary, was placed in the younger part of the ol-
der half of the magnetozone M19n.

The next narrow reverse sub-zone of marine origin was
reported from the younger part of the M20n, cf. Butler
(1992, page 225). Consequently, additional very detailed
(condensed) sampling was carried out in the Brodno loca-
lity in the beds potential for occurence of this sub-zone.
The subzone was safely delineated in the magnetozone
M20n. For the critical section of the Brodno profile,
Fig. 1 presents some petromagnetic data (J, - moduli of
natural remanent magnetic polarization, k, - values of vo-
lume magnetic susceptibility of rocks in natural state), pa-
lacomagnetic directions derived from the C-components of
remanence (D, - palacomagnetic declination. I, - palaeo-
magnetic inclination), the derived polarity magnetozones
and two narrow subzones with reverse polarity. The sam-
ple of No. 7550A located at the transition zone between
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Fig. 1. Basic petromagnetic and high-resolution magnetostratigraphic data across the critical section J/C boundary strata, Brodno near Zilina.
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Fig. 2, Summary results of magnetostratigraphic and micropalaeonto-
logical investigations across the Tithonian/Berriasian strata, Brodno
near Zilina.

the normal polarity magnetozone M20 and the upper part
of the reverse polarity subzone is carrier of two fossil
components of remanence with normal and reverse polari-
ties. This documents that the transition of the palacomag-
netic field was fossilized in a layer whose thickness is
less than 2 cm,

Fig. 2. summarizes results of magnetostratigraphic and
micropalaeontological investigations. For next easy refe-
rences, we propose to name the narrow reverse polarity
subzone located in the normal polarity magnetozone M19
as the “Brodno” subzone and that in the normal polarity
magnetozone M20 as the “Kysuca” subzone. Detection of
two narrow subzones “Brodno” and “Kysuca” as well as
precise detection of magnetozones M17 to M21 range the
Tithonian-Berriasian magnetostratigraphic profile at Brod-
no near Zilina to high-resolution magnetostratigraphic
profiles suitable for accurate correlation with biostrati-
graphic zones.
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Pelagic and calciturbiditic Brodno Limestone sequence
overlying huge white to grey pelagic cherty Pieniny Li-
mestone Formation complex in the Rochovica section
(Kysuca Gate by Zilina, NW Slovakia, Pieniny Klippen
Belt) is interrupted by the Kofihora Member. An abrupt
environmental change is indicated by the substitution of
pelagic carbonate sedimentation with dark shaly complex
intercalated by several organodetritic limestone beds. Al-
most eight meters thick Koithora Beds consist of calca-
reous clays to marlstones with sporadic mica leaflets,
coalified plant fragments and pyritized macrofossils.

Limestone strata closely underlying the Kofihora Beds
contain microfossils of the Globigerinelloides blowi Zo-
ne. Somewhat higher, nannoplankton association of the
Chiastozygus literarius Zone has been identified in marl-
stones. Within this zone, an abrupt diminishing in nan-
noconid abundance was observed, resembling the “nanno-
conid crisis” (Erba et al., 1996). These micro- and nanno-
fossil associations indicates top Barremian to earliest Ap-
tian age (Caron, 1983; Erba, 1. ¢.). Two limestone inter-
calations within Konhora Beds, referrable to the Ap-1 and
Ap-3 lowstands respectively, contain diverse radiolarian
associations.

The C isotope record in the Rochovica Lower Creta-
ceous sequence indicates three distinct global events
(Fig. 1). The first (Late Valanginian, cf. Lini et al,, 1992)
greenhouse event was observed here by Michalik et al.
(1995). Increased values of §'3C ( + 2,1 to 2,8 %) in beds
No 384 10 413 indicate the second, Barremian event. The
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most distinct C isotope excursion (+ 3,3 to 4.9 %o) was
observed in the Aptian part of the sequence studied. This
C excursion clearly indicates anoxic marine conditions re-
corded in deposition of the shaly Koiihora Beds. Notice-
ably decreased values of 8'%0 in this part of rock column
(Fig. 1) could be connected with temperature increase
and/or with high terrigeneous input. The supply of terre-
strial organic matter has been related with intensified hyd-
rologic regime under high sea level conditions (Fig. 1).

The Koihora Formation could serve as an important
marker of global warm and humid conditions with accele-
rated sediment cycling and with global sea level rise,
equivalent to the “Selli” interval (Erba, 1994).
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Detailed bio- and magnetostratigraphic studies of the
North Caucasus Barremian strata supported by field ob-
servations, have allowed to reveal sinusoidal changes in
paleomagnetic directions with declination amplitudes of
about 40 degrees. The duration of fluctuations was esti-
mated as one milion years.

The Barremian beds were studied on the Urukh River,
in the vicinity of Gergebil and Akusha villages (Dage-
stan) (Fig. 1). Paleomagnetic sampling in the Gergebil
section was duplicated in the northern wing of the Gerge-
bil anticline and the southern wing of the Kuli-Meirskaya
anticline (Fig. 2).

Paleomagnetic sampling was carrried out in co-operati-
on with biostratigraphers, which allowed fine geologic-
paleontological verification of the paleomagnetic arrange-
ments. Sampling intervals varied from 0.75 to 1.5 m.

Paleomagnetic studies were accompanied by the stan-
dard complex of laboratory work. Magnetic susceptibiliti-
es and natural remanent magnetizations were measured;
magnetic cleaning was carried out with temperatures and
alternating magnetic fields; normal magnetization curves
were drawn. Thermomagnetic and differential thermomag-
netic analyses (TMA and DTMA) were widely used to
diagnose the magnetic phases. A number of samples from
each section were studied by means of optical mineralo-

The analyses of normal magnetization parameters (Hs,
H’cs) and the TMA and DTMA data make it possible to
conclude that magnetization of the rocks studied was cau-
sed mainly by magnetite. Zijderveld diagrams were con-
structed for component analyses of remanent magnetizati-
on vectors. Magnetization of the rocks considered is cha-
racterized by two components: the primary one, revealing
its trend after mild thermal cleaning and preserving it up
to 500 degrees, and the secondary one, of probable vis-
cous nature.

To substantiate the In priority fold test, Fisher distri-
bution and numerous geological-geophysic criteria and
tests were applied:
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1. One of the important indications of a Jn sign de-
pends in orientation independence of magnetization vec-
tors upon lithologic-mineralogic characteristics, being re-
lated with the polarity of an ancient field.

2. Another evidence of primary magnetization lies in
the lack of interrelations between polarity signs and scalar
magnetic characteristics.

3. The immersional analyses data show allothigenic
magnetite Lo be present in the rocks. The coarsest magne-
tite varieties have angular grains with obvious signs of
waler transport (scratches and grooves on faces and edges),
which confirms their terrigenous origin. To a certain ex-
tent, this indicates the detrital nature of magnetization,
Firm grounding of this statement is identical to NRM
priority proof.

4, Low values of Kenigsberger ratios (Q = Jn/Ji = 0.05
- 0.5) and low inter-sample clustering of the trends of
stable NRM components (k = 5 - 30), characteristic of
DRM (or PDRM), are regarded as the indirect paleomag-
netic evidences in favour of orientational (or postorienta-
tional) genesis of magnetization.

5. Correlability of the paleomagnetic structures of the
similar-aged beds from distant heterofacies sections, may
certainly serve as a strong argument for substantiating the
geophysical nature of magnetozones.,

Each of the above critefia indirectly confirms, but does
not prove priority of Jn. An important evidence in favour
of this hypothesis, however, lies in the sum of indepen-
dent observations conforming to the suggestion of the an-
cient nature of NRM.

The composite magnetostratigraphic section of the Bar-
remian from the North Caucasus consists of three major
subzones: those of reverse (R), normal (N) and alternating
(RN) polarities (Fig. 3).

The reverse polarity Rbr subzone, corresponding to the
lowermost Barremian layers, is recognized only in Gerge-
bil.

The overlying normal polarity Nbr subzone is traced
everywhere. On the Urukh, it encompasses the whole of
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the Lower Barremian sequence. In Gergebil and Akusha,
the Nbr zone is peculiar of the middle part of the Lower
Barremian substage.

The upper alternating polarity subzone, RNbr, is strati-
graphically equivalent to the uppermost of the Lower and
the whole of the Upper Barremian,

Variations of the paleomagnetic directions were revea-
led after the resulting vectors Jn had been normalized to
the positive polarity, i. e. those corresponding to the
R-intervals were turned 180 degrees.

The oscillations thus revealed do not depend upon geo-
magnetic reversals. Due to their periodicity, they can not

be related to lithospheric block movements. Thus, they
are interpreted as migration of the Early Cretaceous geo-
magnetic pole. Besides standard paleomagnetic tests, os-
cillation identity within the synchronous intervals of di-
stant sections served as a principal criterion of the result
reliability. The geochronologic dating of the Barremian,
geologic and paleontologic information on stratigraphic
section completeness sedimentation rates, faunal evolu-
tion and other factors were taken into consideration in ti-
me estimation of individual variations.

Complex correlations of the sections according to mag-
netozones and Dn curves, have allowed most detailed cor-
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Fig. 3. Paleomagnetic correlations of the Barremian deposits from the North Caucasus. 1 - Lines of biostratigraphic correlations, 11 - Lines paleo-
magnetic correlations, 11 - normal polarity (N}, IV - reverse polarity, V - alternating polarity.

relations of the Barremian strata from the Northern Cau-
casus (Fig. 3). The effect discovered is most important
both for stratigraphic correlations and palinspastic recon-
structions. In case if it will be confirmed, the changes in
virtual paleomagnetic pole coordinates may be, in some

cases, related to the travels of the Barremian magnetic po-

le proper, and not to plate drift.

The work was financially supported by the Russian Foun-
dation For Fundamental Research (Project 96-05-65442).
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Some features of the Early Cretaceous sedimentation in the Cis-Caucasia

reflected in the rock magnetic properties
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The results of petromagnetic research of the Lower Cre-
taceous deposits from the Central and Eastern parts of the
North Caucasus are presented along with the geologic in-
terpretations. Six reference sections from Dagestan,
Chechnya, Kabarda and the Mineral Water district were
examined (see the Figure). Those contain carbonate and
terrigenous facies of the marine Lower Cretaceous, from
the Berriasian through the Albian.

As regards our constructions, it is important to note,
that irrespective of paleotectonic interpretations, two geo-
morphologically distinct sources, the Northern and the
Southern ones, existed there in the Early Cretaceous,
with an intermediate zone of intensive submergence, the
latter one acting as an area of active marine sedimentation
in the Early Cretaceous. The Mesozoic paleogeography of
the North Caucasus is generally analysed at the level of
major sedimentation tectonic cycles, frequently uniting
several geologic periods and epochs (Dale et al., 1992;
Khain, 1968). Konyukhov (1961) and Konyukov and
Olenin (1955) recognized an independent Early Cretaceous
stage in the geologic development of the Eastern Cis-
Caucasia; this is peculiar for a prolonged transgression,
that has started in Berriasian and continued until Late Al-
bian. Carbonate-terrigenous sedimentation prevailed du-
ring the early stage of the Lower Cretaceous transgession
(Berriasian-Valanginian). Terrigenous deposition characte-
rized the Barremian, Aptian and Albian sedimentation.

Determination of the sources of terrigenous inflow to
the Cis-Caucasian basin presents one of the debatable
problems for the Mesozoic paleogeography of the North
Caucasus. This problem is discussed in detail in a num-
ber of important papers on the lithology of the Mesozoic
sedimentary complexes from the region, but the authors
arrive at different conclusions. Konyukhov (1961) consi-
dered the Northern land as the principal source province
during whole Early Cretaceous, while Grossheim (1961)
regarded the elevations of the Great Caucasus as the main
distributive province. Expanding the Grossheim’s scheme
(I. ¢.), Sholpo (1978) supposed that the Caucasus has un-
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dergone active Callovian erosion, that has practically
stopped during Early Cretaceous, renewed during Late
Barremian and reached its maximum during Aptian and
Albian.

The authors obtained additional paleogeographic infor-
mation while analysing the data on scalar magnetic cha-
racteristics of the Lower Cretaceous beds from the North
Caucasus. The petromagnetic data enabled to carry out de-
tailed analyses of Early Cretaceous sedimentation, to spe-
cify the importance of the Northern and Southern distri-
butive provinces in the Early Cretaceous sedimentogene-
sis, and to evaluate the geochemical changes during the
transgression.

Rock magnetic properties are primarily determined by
the compositions and concentrations of allothigenic
or/fand authigenic ferromagnetic minerals; these, in their
turn, vary depending on sedimentation settings. From
this follow the previously formulated postulates for the
geologic interpretation of petromagnetic data (Guzhikov
and Molostovsky, 1995).

The following theses are relevant to the present theme:

- The magnetization susceptibility of sedimentary
rocks, containing allothigenic ferromagnetics, is determi-
ned by the paleogeographic and tectonic factors, control-
ling denudation, drifting and precipitation of terrigenous
materials. Petromagnetic differentiation of the layers
within a stratigraphic section reflects deposition rhythms
and changing sedimentation settings, resulting from geo-
dynamic reconstructions in denudation areas, and, mostly.
from the sourceland changes.

- Variations in the dk parameter adequately reflect chan-
ging geochemical settings and hydrogen sulfide contami-
nation of the bottom silts or its absence. (dk=kt-k - mag-
netic susceptibility measured upon heating the rocks up
to 500° in air medium, The variations in the dk=kt-k pa-
rameter reflect the concentration changes of initially non-
magnelic iron sulfides. Pyrite and marcasite change into
magnetite upon heating, which results in increasing mag-
netic susceptibility. Thus, increasing dk’s reflect the con-
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tents of newly generated magnetite, and consequently, the

concentrations of original FeS,).

The set of geologic and petromagnetic data provides
the grounds for subdividing the Lower Cretaceous sta-

ge in the development of the North Caucasian region

into three steps, reflecting peculiar geodynamic and

time.

geochemical settings in various intervals of geologic



322 ALY, Guzhikov and E.A. Molostovsky: Some features of the Early Cretaceous sedimentation in the Cis-Caucasia reflected ...

The first one, the Berriasian-Valanginian step. is pe-
culiar for mainly carbonate deposition. The insignificant
amount of detritus in the Berriasian deposits, and its al-
most complete absence from the Valanginian sequences,
are indicative of quiet paleotectonic settings and low
erosion bases both, in the Southern, and the Northern
lands.

The second, the Hauterivian-Barremian step, was cha-
racterized by intensive terrigenous drift against the back-
ground of general tectonic activization. The Central part
of the Great Caucasus becomes then one of the principal
sourcelands, with fairly commonly developed granite and
basite bodies - the chief suppliers of magnetic materials
to the region of marine accumulation. The Hauterivian-
Barremian tectonic activation of the Great Caucasus
might be a regional reflection of the final stage of the La-
te Cimmerian tectogenesis phase (Kunin and Sardonni-
kov, 1976).

The third one, the Aptian-Albian step, coincides with
tectonic stabilization of the region associated with further
northward transgression development. The Great Cauca-
sus then has probably lost its importance as a supplier of
terrigenous material, and the marginal regions of the
Scythian Plate have once more become the principal
distributive provinces. During that stage, the deposition
was taking place in reducing hydrogen-sulfide settings.
A correspondence can’t be ruled out between the noted pe-
culiarity of the Lower Cretaceous basin paleogeochemist-
ry, and the global anoxic events at the Early/Late Creta-
ceous boundary (Dale et al., 1992),
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Kopet- -Dagh

The author’s data on magnetozonal structures of the
Dagestan (the Bass River, Aimaki village) and Turkme-
nian sections (Kara-Kala settlement, Isak Mits. the Ka-
myshly and Kanavchai streams) were used for detailed cor-
relation of regional biostratigraphic schemes.

The palacomagnetic column of the Maastrichtian suc-
cession from Kopet-Dagh consists of a major reverse po-
larity zone, comprising four subordinate normal polarity
intervals, with their positions indicated by biostrati-
graphic methods. Two of them are associated with the
middle part and the sole of the I tegularus Zone, and
another two - to the bases of D. eylindraceum and H. sul-
catum ammonite biozones, respectively.

Similar structure is characteristic of the Late Maastri-
chtian palacomagnetic column from the Dagestan com-
posite section, comprising the inoceramid (1. tegulatus)
and echinoid (P. renngarteni) biozones. The difference li-
es in the position of the n-interval, recognized on the ba-
se of the D. eylindraceum Zone (Kopet-Dagh) and in the
top of lower substage (the Caucasus), or in the level
occupied by the upper n-subzone, associated with the bio-
zone boundary.

The palaecomagnetic biostratigraphic regional columns
correlate as follows:
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1) by analogy with the Kopet-Dagh section, the base of
the I. tegulatus Zone in the Caucasian section should be
lowered to lie at the top of the P. renngarteni Zone.

2) abrupt reduction of the r-zone part overlying the up-
per n-interval in the Kopet-Dagh section testifies a signi-
ficant gap between the Cretaceous and Paleogene, and to
a washout of the top part of the /. tegulatus Biozone, dee-
per than in the Caucasian section. On the basis of corre-
lations with the Kopet-Dagh section, the Maastrichtian
substage boundary in the Caucasian composite section
should be placed below the n-subzone.

In the Kopet-Dagh section, the Early Maastrichtian H.
sulearwm Zone and the latest Campanian (the top of the
B. polyplocum Zong) correspond to a major r-zone, exten-
ding until the Late Maastrichtian. This comprises one nar-
row n-interval within the sole of the H. sulcatum Zone,

In the Caucasian section, the analogous r-magnetozone
encloses both the Early Maastrichtian Inoceramus bu-
guntaensis- and L. alaeformis biozones, and the bulk of
the Late Campanian mute layers. The only narrow n-in-
terval is associated there with the middle of the I. alae-
Sformis Biozone.

The work was supported by the Russian Foundation
For Fundamental Research (Project 96-05-65442).
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limestones aimed at magnetostratigraphy in the Mediterranean area
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In the year of 1992, the Palacontological and Palacomagne-
tic Departments of the Geological Institute of the Czech Re-
public in Prague started a joint project aimed at Jurassic/Cre-
taceous (J/C) magnetostratigraphy in the Te-thyan realm. Ela-
boration of geomagnetic polarity time scales (GPTS) required
investigations of petromagnetic, magnetomineralogical and
palaecomagnetic properties of pilot limestone samples collec-
ted from several localities in the Tethyan realm,

Prior to systematic magnetostratigraphic investiga-
tions, pilot samples were collected from five localities in the
Western Carpathians, namely from 1 - Stramberk, N, Mora-
via, quarry “Kotou&”, the 6" level within the operating quar-
ry; 2 - Stramberk, N. Moravia, quarry “Skalka”; 3 - Brodno
near Zilina, W. Slovakia; 4 - Stra¥ovce, between the settle-
ments of Ci¢many and Zliechov; W. Slovakia; 5 - Hlbo&
Valley near Smolenice, W. Slovakia, cross-section in a fo-
rest; 6 - In the next step of works, the Early Cretaceous li-
mestone strata at the Rio Argos, Province Murcia, SE Spa-
in, were selected for systematic magnetostratigraphic investi-
gations, in collaboration with Dr. Ph. J. Hoedemaeker; 7 -
From the locality of Carcabuey, only pilot samples were col-
lected to test their principal palacomagnetic properties, in col-
laboration with Dr. F. Oloriz. 8 - Recently, systematic and
detailed magnetostratigraphic investigations have been com-
menced at the locality of the Bosso Valley, Umbria, central
Italy, in collaboration with Prof. G. Nardi and Dr. F. Cecca.

Attention was paid to detailed petromagnetic and magneto-
mineralogical analyses applied to all collected samples. The
remanent magnetization and volume magnetic susceptibility
were measured with the use of the JR-4 and JR-5 spinner
magnetometers and KLY-2 kappa-bridge (Jelinek, 1966,
1973). Selected samples were subjected to alternating-field
(AF) demagnetization by means of the Schonstedt GSD-1 ap-
paratus. Higher efficiency was obtained during demagnetizati-
on by means of the MAVACS apparatus, Magnetic Vacuum
Control System (Pfihoda et al., 1989). Consequently, all
samples investigated for magnetostratigraphy were subjected
to thermal demagnetization by means of the MAVACS ap-
paratus. For the locality of Brodno near Zilina, the magnetic
measurements were combined with X-ray diffraction studies
to identify the magnetization carriers of weakly magnetic li-
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mestones. In the Figs. | to 3, M, denotes the remanent mag-
netic moment of a sample demagnetized at temperature t; M,
is the sample moment in natural state. M/M, and k/k; are
normalized values of remanent magnetic moment and of vo-
lume magnetic susceplibility, respectively. The Zijderveld di-
agrams and stereographic projection of remanence directions
of samples in natural state (NS) as well as during thermal de-
magnetization were constructed for all the samples; examples
are presented in Figs. 1 to 3. Results were obtained from lar-
ge sets of samples, which were all subjected to multi-compo-
nent analysis of remanence (Kir-schvink, 1980).

All samples, without exception, exhibit high portion of se-
condary magnetization - viscous magnetization or chemo-re-
manent magnetization conditioned by weathering. The unbloc-
king temperatures vary within the prevalent limit of 540° to
560 °C. The palacomagnetization carrier is fine-grained magne-
tite which is in accordance with results from other localities in
the Tethyan realm. The only exception was found for the loca-
lity of the Rio Argos, where the magnetite shows syn- or
post-folding magnetization (thermo-viscous effect?). Directions
of totally remagnetized samples from the Rio Argos indicate
the Neogene age of remagnetization (see Tab. 1). A substitute
locality for the J/C magnetostratigraphy was found at Carcabu-
ey, a locality about 2 km distanced from that originally inves-
tigated by Ogg et al. (1984). This new locality representing a
broader section of J/C boundary strata was recently described by
Tavera et al., 1994. Fig. 1 shows typical results of thermal
demagnetization of a Tithonian limestone from Carcabuey,

Limestone samples from the Western Carpathians show
suitable palacomagnetic properties (cf. Housa et al., 1996).
In the locality of Brodno near Zilina, the sedimentation in a
quiet basin was one of the basic pre-requisites for reliable de-
rivation of high-resolution magnetostratigraphic data. The de-
rived palacomagnetic pole position rotated palaeotectonically
corresponds well to J/C pole positions, see Tab. 1. The pat-
tern of normal and reverse magnetozones correlates well with
data derived in the regions of Foza (north Italy), Bosso Valley
(Umbria, central Italy) and with marine M (Mesozoic) ano-
malies, Detailed measurements and precise detection of two
narrow reverse subzones (proposed to be named “Brodno” and
“Kysuca” by Dr. V. HouSa) in the normal magnetozones
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Tab. 1.
Rio Argos, Brodno near Zilina. Palacomagnetic directions and pole positions

Region locality Location Mean direction Pole position Confidence ovals
k n
Lat. Long. Decl. Incl. Lat. Long. dm ap
Rio Argos* 381N 358.1°E 359.3° 56.20 31.8 84 88.6'N  200.8'E 4.00 2.9¢
Brodno near Zilina 49.26'"N 18.75°E  236.3° 45.40 9.8 104 1.1I°N 202w 710 4.5¢

*Limestones totally remagnetized in the Neogene

Carcabuey No. 1/1

o q*‘sﬁ/
o s

M, /M, 127 mA m
1

05

1~ - il YRR A W 0 I 0 LA R |

oy
o X

5
Fig. 1. Carcabuey, southern Spain, typical results of thermal demagne-
tization,
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Fig. 2. Boss Valley, Umbria, central ltaly, typical properties of nor-
mally polarized samples.

M19 and M20 range this profile into the high-resolution
magnetostratigraphic profiles. A section of the Early Cretace-
ous Maiolica pelagic limestone in the Bosso Valley, Umb-
ria. central Italy, was originally studied by Lowrie and Chan-
nell (1983). Clearly defined magnetozones were outlined
which were correlated with palacomagnetic polarity records
derived from the M-sequence of marine magnetic anomalies
M19 to M 14, and possibly M13. In order to prepare the Bos-
so profile for the high-resolution magnetostratigraphy, the
J/C section was resampled in 1996, typical results of normal-
ly and reversely polarized samples are shown on Figs. 2 and
3. In 1997, this profile is scheduled for detailed sampling

MM 183 5h m?

Bosso No.620 /%

w o w0

T3 &® 0

Fig. 3. Bosso Valley, Umbria. central ltaly, typical properties of rever-
sely polarized samples.

with the aim to detect and outline precisely two narrow rever-
se subzones for correlation with the Brodno profile and even-
tually with next profiles in the Tethyan realm.
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The Albian to Turonian deposits in the Polish part of
the Pieniny Klippen Belt comprise pelagic and shaly tur-
bidite facies. They represent shallow (shelf) to deep-water
environments, and they are relatively rich in radiolarian
fauna,

Over 70 radiolarian species of the Carpathian Tethyan
low latitude realm were identified in over 200 samples
from 18 sections in the deposits of the Pieniny, Branis-
ko, Niedzica and Czorsztyn successions of the Pieniny
Klippen Belt. 17 horizons containing abundant and well-
preserved radiolarian fauna have been chosen to analysis.

This data were processed with the BioGraph 2.02 com-
puter program (Savary and Guex, 1991) based on the Uni-
tary Associations Method. The program produced a se-
quence of 11 U. A. which were used for constructing radi-
olarian zonal scheme (Tab. 1).

Three radiolarian zones and six subzones (Holocrypto-
canium barbui Zone with Stichomitra tosaensis, Squina-
bollum fossile, Thanarla pulchra, Thanarla veneta, Tor-
culum dengoi and Obeliscoites maximus subzones, He-
micryptocapsa prepolyhedra Zone and Hemicryptocapsa
polyhedra Zong) have been proposed for the interval in-
vestigated.

Holocryptocanium barbui zone

The base of this zone is defined as first appearance of
Holoeryptocanium barbui. The upper limit of the zone is
defined as the first appearance of Hemicryptocapsa prepo-
lyhedra. In this zone H. barbui has its maximum of
abundance within the Pieniny Klippen Belt deposits. The
radiolarian fauna is the most diverse in this unit, over 40
species make their first appearance in this zone. It repre-
sents an important period of faunal renewal.

Stichomitra tosaensis Subzone

The lower part of this subzone is restricted by the
first appearance of index taxon. This zone is characteri-
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sed by co-occurrence of Holocryptocanium barbii,
Pseudodictyomitra pentacolaensis, Pseudodictyomiira
carpatica, Stichomitra mediocris, Thanarla brouweri
and Stichomitra communis. Cryptamphorella macropo-
ra makes its first appearance in the upper part of the
subzone.

Squinabollum fossile Subzone

The bottom of this subzone is defined by the first
occurrence of Squinabollum fossile. Dictyomitra formosa
and Torculum coronatum make their first occurrence wit-
hin this subzone. Simultaneously, the last occurrence of
Pseudodictyomitra carpatica takes place,

Thanarla pulchra Subzone

The first appearance of Thanarla pulchra defined the
bottom of this subzone. This unit is characterised by the
co-occurrence of many characteristic pairs of species
(U.A.3). The first appearance of Holocryptocanium gey-
sersensis, Dictyomitra montisserei, Xitus meclaughlini,
Pseudoaulophacus sculptus and Pseudodictyomitra pseii-
domacrocephala take place within the unit. The last
oceurrence of Crucella aster is also observed.

Thanarla veneta Subzone

The lower boundary of this subzone is defined by the
first appearance of index species. This unit is characte-
rised by the co-occurrence of numerous characteristic
pairs of species (U.A.4 - U.A.6). The first appearance
of Dictyomitra gracilis, Trisiringium echitonicum, Go-
dia unica, Dactyliosphaera silviae, Crolanium
pulchrum and Pseudodictyomitra paronai is observed
within this unit as well as the last occurrence of Tha-
narla spoletoensis, Thanarla brouweri and Dactyliodis-
cus cayeuxi,
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Tab. 1.
Reproductability table. Ther grey rectangles represent the Unitary
Associations, strictly identifiable in the sections studied.

U.A. |Mag|Lor lSz \Ki ISt le |Bu.k {Kosjilcd

11
10

o |~ 00|

— e | |

Torculum dengoi Subzone

The lower boundary of this subzone is marked by the
first occurrences of Torculum dengoi, the total range of
which is included within this unit. The events characteri-
sed this unit are the final appearance of many species as
Stichomitra mediocris, Praeconocaryomma globosa, He-
xapyramis pantanelli, Pseudoaulophacus sculptus, Tha-
narla veneta, Dictyomitra gracilis, Crolanium pulchrum,
Torculum coronatum, Godia unica and Pseudodictyomitra
paronai. Only three radiolarian specimens as Obeloscoites
giganteus, Dactyliosphaera acutispina and Dictyomitra
pulchra making their first appearance within this unit,

Obeliscoites maximus Subzone

The lower boundary of this subzone is defined as the
first appearance of Obeliscoites maximus. The co-occur-
rence of Holocryptocanium barbui, Squinabollum fossile,
Stichomitra communis, Thanarla pulchra and Xitus
melaughlini are observed within this unit.

Hemicryptocapsa prepolyhedra zone

The lower boundary of this zone is marked by the first
appearance of the index species. The last occurrence of
Xitus melaughlini and Thanarla pulchra is observed in
the upper part of this zone. This unit is characterised by
the co-occurrence of characteristic pairs of species
(U.A.8) H. prepolyhedra zone is characterised by a rela-
tive decrease in the number of species illustrates the
transition of radiolarians from the Cenomanian to Turo-
nian.

Hemicryptocapsa polyhedra zone

The lower boundary of this zone is defined as the first
appearance of Hemicryptocapsa polyhedra, This unit is
characterised by the co-occurrence of characteristic pairs
of species (U.A9-U.A.11).
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Late Santonian - Maastrichtian benthic foraminiferal zonation
in the European palaeobiogeographical area (EPA)
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The proposed Late Santonian-Maastrichtian benthic fora-
miniferal zonal scheme for the EPA was constructed on the
basis of analysis of zonal schemes and zonal assemblages
of different regions of the eastern and western EPA, parti-
cularly of the Mangyshlak-Precaspian Basin (Akimetz et
al., 1991) and the NW German Basin (Koch, 1977; Schon-
feld, 1990).This scheme comprises 18 biostratigraphical
units, 13 zones and 5 subzones (Figs. 1 - 3). Most of the
zones are widely applicable. They can be followed throug-
hout the EPA, and some of them are also recognised
throughout the adjacent areas. The benthic zonal scheme is
2 - 3 times more detailed then the planktic. The duration of
the zones ranges from ~0.4 up to ~3.3 Ma, and that of the
subzones fluctuates from ~0.1 to ~ 1.9 Ma. The shortest
zones comprises the Late Santonian - earliest Campanian
interval, and the terminal Campanian. These stratigraphical
intervals correspond to the regressive phases (Late Santo-
nian and terminal Campanian), and to the beginning trans-
gression (earliest Campanian, cf. Naidin et al., 1984a, b).

The scheme is based on the phylogenetic lineages of Hefe-
rostomella, Neoflabellina, Stensioeina, Globorotalites, Gaveli-
nella, Brotzenella, Cibicidoides, Bolivina, Bolivinoides, and

other genera. Some phylogenetic evolutionary events of
Stensioina, Bolivinoides, Bolivina and other genera are widely
distributed, being determinable in Europe as well as in Asia,
AfTrica, North America, Australia and in the oceans.

On the basis of peculiarities of the geographical distri-
bution of the Late Santonian - Maastrichtian benthic fora-
minifers, the EPA can be subdivided into two palacobioge-
ographical provinces: West European- and East European
one. The first one was linked with the North Sea and
North Atlantic, and, to a lesser degree, with the Tethys
The connection of the second subprovince with the Arcio-
Boreal West Siberian Sea through the Turgai Strait was re-
stricted, but this with the Tethys was never interrupted.

The appearance of several stratigraphically imporias:
benthic species and all of the planktic species reflect diffe-
rent abiotic palacogeographic events: eustatic transgressi oo
and connection between the EPA Basin and Tethys. Nors
Atlantic, and the Boreal-Arctic West Siberian Sea thr
the Turgai Strait, which was formed during the lu
Campanian. Open connection between the East Eu:
Province, and the Arcto-Boreal West-Siberian Sex ©f
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Fig, 1, Late Cretaceous paleobiogeographical units in western Eurasia,
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Revision of Upper Cretaceous ammonite fauna from the Bakony Mts (Hungary)
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Key words: Upper Cretaceous, biostratigraphy, ammonite zonation, Bakony Mts, Hungary

In the framework of National Science Found T-015783
(,,Bakony/Gubbio Late Cretaceous correlation and Re-
evaluation®), we re-evaluated Late Cretaceous ammonite
fauna of the area of Stimeg - Csabrendek (Bodrogi et al.,
1995; Bodrogi and Yazykova, 1996). The data gained in
1995 - 1996 are presented in the tab le b elow.

All the ammonites were derived from the Rendek

Member of the Polany Marl Formation with the excep-
tion of P. polyopsis that was found in theCsingerwolgy
member of the Jaké Marl Formation.

Since the former determination of all the ammonites
was incorrect (with the exception of P. polyopsis, again),
the age of ammonite - bearing layers was estimated as
one stage younger.

y Ongiaalty | ! :
Original description ! deseribed ! Valld taxom ! Reevalustor ; Valid age
" .'. L3 Il .

Pachydiscus neubergicus Hauer | Early | Pachydiscus | . Earty

1858; Papp, Vdrosi Quarry, PMF- Maastrich- precoligatus : Yazykova : Campa-
..M, Loczy 1913,K62728 | tan__ :Colignon 195! 1996 nian |

Pachydiscus neubergicus Hauer ‘ Earty ; Eub'a'c:h-);-"—; """ + Earty
1858; Noszky, Vdrosi Quary, PMF- ;| Maastrich-! discus levyi | Yazykova | Campa-

RM,Haas etal. 1984, K-8645 | tlan ! Grossowre | 1996 | nian

................. I A T BT
Pachydiscus neubergicus Hauer . Early . Pachydiscus . . Eany
1858 2 exemplar; Kocsis, Vdrosi | Maastnch-: precofigatus | Yazykova ; Campa-

I—— Quany. PMERM s o an,, . Sollgnon 1969 .. 1990, L oan, |

Pachydiscus neubergicus Hauer 1- Earty ' Eupachy- ' ..... :" Eérry
1838; Kocsis, Vdrosi Quarry, PMF- | Maastrich-i  discus levyi | Yazykova | Campa-

RM i tlan ! Grossouvre : 1996 ! nian

.................................. (PR W [ SO S—
Mortoniceras sp.; Budai & Vincze : Late . . Summes-

1981, Haraszt Quarry, PMF-RM, | Campani- | Texanitessp. | berger ' Santoni-

Budai 1961 ioan yo18985; | an
E E { Yazykova |

...................... ST LT A SO T - . 0 S
Placenticeras polyopsis (Dujardin | 3 Placenticeras ;

1837) syn: Placenticeras syrtale 1 polyopsis '

Morton 1963; in Partényi 1986, | Late .(Dujardin 1837): Yazykova . Late
Summesberger 1986, Csabrendek : Santonian ! not i 1986 : Santoni
Cr-2 borehole, JMF-CSM, Partényl ! . Placenticeras | ¢oan

1988, K-14583 : 1 syrtale Morton : h
: P 1963 ! X

PMF-Po!.hy Marl Formation; RM=rendek Member; JMF=Jikd Masl Formation;
CSM=Csingervolgy Member. Original descarption: species; collector, locstion, stratum typicum,
reference, museum number (in collection of the Hung, Geol. lnst.)
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Correlating the uncorrelatables
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Key words: Lower Cretaceous, integrated stratigraphy, interregional correlation, Western Europe

The here presented correlation of the Pre-Aptian Creta-
ceous successions of the Boreal and Tethyan realms has
an accuracy which is unprecedented. This is due to the
combination of three correlation tools: biostratigraphy,
magnelostratigraphy and sequence stratigraphy.

The most recent correlations of Tethyan with Boreal
Pre-Aptian Cretaceous successions by means of fossils
have been done:

For the Berriasian: by Hoedemaeker, 1987, 1990;

for the Valanginian: by Kemper et al., 1982; Hoedemae-
ker, 1987;

for the Hauterivian: by Kemper et al., 1982;

for the Barremian: by Kakabadze, 1983, this paper.

From these correlations can be gathered that there are
only a very few reliable biostratigraphic tie-points betwe-
en the Tethyan and Boreal realms due to the high provin-
ciality of the marine biota during Pre-Aptian Crelaceous
times. Fossils common to both realms are very scarce.
We may conclude that we cannot hope for a better correla-
tion with biostratigraphic means only. If we want a more
precise correlation, magnetostratigraphy and sequence
stratigraphy have to be used as additional correlation
tools = 20.

It appears that all depositional sequences determined in
the Pre-Aptian Tethyan Cretaceous succession along the
Rio Argos (Caravaca, SE Spain) can be found in SE
France (sections of Berrias, La Charce and Angles), but
also in the Boreal successions in north Germany and in
England. The magnetostratigraphic analyses in the strato-
type of the Berriasian Stage in SE France and in the Pur-
beck beds of the Durlston succession in S. England (Ogg
et al,, 1991) permit a good correlation of these successi-
ons, which could be made more precise by means of se-
quence stratigraphy. Neither magnetostratigraphy, nor se-
quence stratigraphy or biostratigraphy should contradict
each other, when correlating,.

As a sequence stratigraphic analysis ol most boreal sec-
tions is still lacking, a Tethyan - Boreal correlation could
not be done before an interpretation was made of the preci-
se stratigraphic positions of the various Pre-Aptian depo-
sitional systems tracts in the boreal sections of England
and north Germany. Such an interpretation can only be
done in sections which have been accurately measured and

fad
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lithologically described in detail, and of which also the

fossil content is well studied. Such sections furnish all

the data necessary to form a well-founded interpretation of

the sequence-stratigraphic boundaries. Fortunately, such

Boreal sections are known. For our analyses were used:

The section of the German Wealden in the Isterberg 1001

borehole;

the section of the Valanginian in Sachsenhagen;

the section of the Hauterivian from the Moorberg claypit

near Sarstedt;

the section of the Barremian from the Gott claypit near

Sarstedt;

the section along the Mittellandkanal near Pollhagen;

the Speeton Clay section near Speeton (Valanginian -

Barremian);

the Purbeck sections in Dorset and in the Weald; (Hallam

etal, 1991)

the Wealden section of the Warlingham borehole;

the Purbeck sections in the Neuch(tel region (Switzerland).
The data gathered from these sections and some additio-

nal sections, furnish a sound interpretation of the various

depositional systems tracts and the correlation of the Bo-

real and Tethyan sequences is shown in this correlation

scheme.
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Foraminifera and sedimentary paleoenvironment of the Lower Cretaceous

black shales (Ukrainian Carpathians)
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Carpathian

Lower Cretaceous black shale formation is developed in
the Dukla-, Krosno- and Skyba tectonic units and Chor-
nogora zones. These Upper Barremian-Albian strata are
subdivided into Shypot and Spass Formations. Lower
part of them is represented by black and dark-grey claysto-
nes, while the sandstones dominate in their upper part.
The problems of the origin and sedimentary environment
of these well known and in the Carpathians widely spread
sediments this problem are discussed, still.

Several depository environment have been reconstructed
on the basis of the foraminifer paleoecology and sedimen-
tology. Following foraminiferal biofacies can be distin-
guished in the Upper Barremian-Albian interval:

1. Mixed slope biofacies (“Marssonella” assemblage sen-
su Haig, 1979) were determined in the lowest (Barremian)
part of the Spass Formation. They are characterized by calca-
reous Spirillina, Patellina, Gavelinella, Discorbis, Valvuline-
ria, agglutinated Falsogaudryinella, Gaudryinella, Verneui-
linoides, Tritaxia and rare planctonic Hedbergella. Olszews-
ka (1984) previously described “Marssonella” assemblage
of the Polish Outer Carpathians as indicator of the open co-
ntinental shelf and bathyal environment above the CCD.

2. The slope flysch-type biofacies (lower slope paleo-
bathymetric assemblage sensu Kunt and Kaminski et
Moullage, 1989) were estimated in the lowest part of the
Shypot formation. The poorly diversified agglutinated fo-
raminifers are represented by numerous Verneuilinoides
and Gaudryina while astrorhizids, ammodiscids, lituolids
and calcareous elements occur less frequently. These bio-
facies can indicate the depth of about 1.5 -2.5 km.

3. Abyssal “Krasheninnikov™ biofazies (sensu Krashe-
ninnikov, 1973; = “Type-B” assemblage sensu Gradstein
et Bergren, 1981). This assemblage of agglutinated fora-
minifers characterized by small forms with a smooth-wal-
led finely grained test, represented by Hippocreppina,
Rhizammina, Kalamopsis, Saccammina, Reophax, Am-
modiscus, Haplophragmoides, Trochammina genera.
These biofacies were found in the lower part (Aptian) of
Spas and Stypot formations. Gradstein and Bergren (1981)
noted a “Type-B" assemblage of agglutinated foraminifers
with smooth-walled varieties at the deep > 4 km.
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Ukrainian

The low diversified agglutinated foraminifer association
occurr in the nencalcareous organic rich claystones indica-
ting unfavourable paleoenvironment until the Aptian ti-
me in the some parts of the basin. It may indicate restric-
ted bottom water circulation, low oxygen and temperature
and another factors,

4. Abyssal flysh-type biofacies (“Recurvoides” assem-
blage sensu Haig, 1979; = “Type-A” assemblage sensu
Gradstein et Bergren, 1981) are recognized in the Albian
part of the Shypot and Spass formations. They are charac-
terized by dominant of agglutinated foraminifers with a
coarse grained tests of the genera: Glomospirella, Reop-
hax, Thalmannammina, Recurvoides, Plectorecurvoides,
Haplophragmaides, Trochammina. 1t is considered 1o in-
dicate bathyal and abyssal environment bellow the CCD
(2.5 - 3.5 km). The “Recurvoides” assemblage was pre-
viously identified in the Verovice and Spass formations
of the Polish Outer Carpathians (Olszewska, 1984).

The sedimentological data confirm the paleoecological
conclusions based on foraminifers indicating deep-water
depositional environment of black shale formation. So
the lower part of the Spas and Shypot formation (black
claystones) is characterized as a hemipelagite sequence.
The bedded sandstones in their upper part are defined as
lobe-like turbidites. These deposits are compared with the
slope foot basinal sediments.
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The authors establishing the microbiostratigraphic
standard zonal division of the Turonian Stage (Caron,
1985; Salaj, 1986; Robaszynski and Caron, 1995) used
different index taxa in characteristics of individual plank-
tonic biozones due to different interpretation of the Inter-
national Zoological Nomenclature Code (Stoll et al.,
1961). We stress some of the most important contradicti-
ons below:

1. The definition of the Whiteinella archaeocretacea
Biozone (large globigerinid zone of Sigal, 1995) used for
the topmost Cenomanian - basal Turonian, is incorrect.
The Whiteinella archaeocretacea (Pessagno) appears at
the top of middle Turonian Helvetoglobotruncana helveti-
ca Zone (Pessagno, 1967), being morphologically identi-
cal with the Whiteinella inornata (Bolli), occurring in the
same association. Salaj (1997) regarded them as synony-
mic, at least the former taxon could represent a subspe-
cies (= Whiteinella inornata archaeocretacea).

Lehmann (1962) described new index ? Praeglobotrun-
cana gigantea, in this time interval on the Cenoma-
nian/Turonian boundary (Zone “d Grandes Globigerines™
seulles). This species was used by Bolli (1966) for his
new Praeglobotruncana gigantea Zone. However, Port-
hault (1969) considered it conditionally as homonyme
(but not synonyme), of formerly described new species
Praeglobotruncana biconvexa gigantea Samuel et Salaj
(1962). This was because he introduced a new taxon Whi-
teinella lehmanni, 1969, synonymous with Whireinella
gigantea (Lehmann). Regarding it, van Hinte (1976) es-
tablished the Whiteinella lehmanni Zone (1974),

Taking into consideration that Preeglobotruncana bi-
convexa gigantea (Salaj et Samuel) belongs o the genus
Dicarinella Porthault (Donze et al., 1970), we cannot re-
gard both Whiteinella gigantea (Lehmann) and Dicarinella
biconvexa gigantea (Samuel et Salaj) as primary, but as
secondary homonyms. Salaj and Gasparikova (1983, p.
593) stressed the validity of the name Whiteinella gigan-
tea (Lehmann) in sense of the International Code of Zoo-
logical Nomenclature, too.

On the other hand, Robaszynski et Caron (1979) alt-
hough correctly attributing Whiteinella lehmanni Port-
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hault under the synonymy of Whiteinella gigantea (Leh-
mann), connected both Whireinella gigantea (Lehmann,
1964) and W. lehmanni Porthault, 1969 under Whiteinella
archaeocretacea (Pessagno, 1967). If these taxa are iden-
tical, Whiteinella archaeocretacea Pessagno (1967)
should be synonymous with Whiteinella gigantea (Leh-
mann). However, distinct morphological differences and
different stratigraphic span exclude and discussion about
their possible synonymy: Whiteinella archaeocretacea
(Pessagno) does not occur in Upper Cenomanian strata
and never was found in the lower and middle part of the
Helvetoglobotruncana helvetica Zone.

Due to primary absence of Whiteinella gigantea (Leh-
mann) in several palececologicaly specific parts of the
Tethyan Realm, Salaj et Samuel (1966, 1984) introduced
in Western Carpathians a new Early Turonian Dicarinella
imbricata Zone with Dicarinella imbricata- and Dicari-
nella hagni Subzones, applied by Maamouri et al. (1994)
in Tunisia in the frame of the Whiteinella archaeocreta-
cea Zone.

It is worth of mention that the new species Whiteinella
hoelzli (Hagn & Zeil) was described by Hagn & Zeil in
1954, later also Whiteinella aprica (Loeblich & Tappan)
by its authors in 1961 from this C/T boundary interval.
The last species was used by Bellier (1983, p. 156) as in-
dex fossil of his new Whiteinella aprica Zone. This au-
thor consider the W. giganfea as a synonymum of the W.
aprica. Taking into consideration the big variability of
these globular and more-less rugose forms, existing in
the same time interval, I think that W. aprica is a syno-
nymum of W. hoelzli (Hedbergella hoelzli in Robaszyn-
ski Caron et EW.G.P.F. 1979).

Moreover, Salaj (1970) considered W. gigantea as a sy-
nonym of “Retundina” cretacea (d’Orbigny). For this
reason, ther name of Early Turonian “Retundina” creta-
cea - “Praeglobotruncana’™ imbricata was incorrect.

2. Helvetoglobotruncana helvetica (Bolli), which is the
index of a homonymous middle Turonian zone, consists
of two morphological groups. The first one is represented
by small Early Turonian forms. The latter consists of
gross, large forms of 3 - 4th depth zone, appearing (fo
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example, in the Tunisian El Kef section) at the base of
middle Turonian. They are accompanied by another forms
posessing large tests like Dicarinella oraviensis trigona
(Scheibnerova), Dicarinella biconvexa (Samuel et Salaj)
and Sigalitruncana rurona (Olbertz). The last mentioned
species, as well as Sigalitruncana sigali (Reichel) appear
always in the uppermost levels of the Helvetoglobotrun-
cana helvetica Zone,

It should be stressed that Helvetoglobotruncana helveti-
ca (Bolli) is always missing in shallow neritic platform
conditions and that sporadic occurrence of this species
cannot serve as the criterium of time span range of the
zone mentioned (Salaj, 1987).

3. Late Turonian “Marginotruncana” schneegansi
comprises two phylogenetic lineages with different gene-
tic names. Its attribution into Marginotruncana Hofker,
1957 is problematic (Salaj, 1987). Late Turonian forami-
niferal zonation will be discussed elsewhere (Salaj, 1997).

Anyway, the presence of Late Turonian Dicarinella
concavata (Brotzen) in Tunisia, reported by Robaszynski
et Caron (1995), is Certain morphotypes, which could
resemble this species, belong to Dicarinella carpathica
(Scheibnerova). Moreover, this species could be also
mistaken with Dicarinella renzi (Gandolfi) emend. Salaj
et Samuel, 1966, or with Dicarinella paraconcavara
(Hotker).
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Nowadays microfaciological analysis is a blue techni-
que lo trace back Cretaceous basinal history. This com-
prehensive investigation used to evidence common echi-
nodermal remains in Cretaceous chalks and limestones,
and particularly the well-known “Lombardia” - facies.
Unfortunately, its stratigraphical use and valuewere ham-
pered by difficulties in fossil fragment recognition. This
paper aims to propose a morphological key for roveacri-
nidal microfacies towards the recognition enhancement of
such saccocomid - like sections,

To end up with Cretaceous Saccocoma

Generally, almost all particularly odd echinodermal sec-
tions are compared or assigned to Saccocomidae, espe-
cially to Saccocoma Agassiz, 1836. This assignment is
outrageously abusive since such a determination does not
come from a thorough diagnostic analysis and since Sa-
ccocoma Agassiz gets extinet from Late Kimmeridgian.
The only Cretaceous representative of the Saccocomidae
is Applinocrinus Peck, 1973. Its species are only known
from scarce loose calyces while to date in microfacies, the
arm plates present the only assignable sections with rea-
sonable confidence. These latter are looking much alike
“Lombardia” though they are not sensu stricto referrable
to. Consequently, the only valid name for such a section
or microfacies is saccocomid, saccocomidal or Applinacri-
nus. Such decoupling between theca and arm plates en-
hances the misconception of this particular group and ref-
rains their stratigraphical and taxonomical knowledges.
Saccocomidal sections are particularly characterized by the
slender nature of arms. The upper surface of its ventro -
dorsally flattened theca displays a protruding radial ridge.
This very peculiar ornamentation will play a major role
in its microfacies determination.

The Microcalamoides case

In 1956, F. Bonet described three new forms (or rather
section - types) from the lower Aptian - lower Albian de-

posits of Mexico, all belonging to a sole incerfae sedis
organism: Microcalamoides diversus. The main features
of these minute calcitic remains of cylindrical shape are
longitudinal, wing - like to circular, furrows on their ou-
ter surface. These three forms were interpretated as trans-
verse sections of a same organism. When carefully exa-
mined, they are looking very close to some sections of
Jurassic “Lombardia” Bronnimann, 1955 (=Saccocoma
Agassiz, 1836; Verniory, 1956). Years later, Enos and
Stephens (1993) presented them as belonging to planktic
crinoids. From a distance, we have to sweep once for all
the myth of a planktonic crinoid (Ferré and Bengtson,
1997). Despite of their size, these sections are displaying
features of roveacrinidal affinities. Though one is com-
monly (but wrongly) convinced of the impossibility to
determine saccocomidal sections at aspecific level, these
three forms are indeed displaying transverse sections of
thecal plates, moreover belonging to a single species of
“Saccocoma”. The only valid Cretaceous relative of Sa-
ccocomidae is the genus Applinoerinus Peck, 1973, with
two species: A. cretaceus (Bather, 1924) restricted to Bo-
real and Tethyan Europe (Ferré€ et al., this volume) and A.
texanus Peck, 1973 only known from Texas. Therefore,
we must now consider Microcalamoides diversus vars.
Bonet. 1956 as a junior synonym of Applinocrinus texa-
nus Peck, 1973.

The recognition of Roveacrinidae

The other Cretaceous family, Roveacrinidae, has long
been confused with her saccocomid sister-group. Never-
theless, its high stratigraphical value was emphasized by
Peck (1943, 1955) and Rasmussen (1961). However, the
first appliance came from the outstanding record of the
Sergipe Basin (Brazil - Bengtson and Berthou, 1982; Bert-
hou and Bengtson, 1988). This material offered the op-
portunity of formal orientated sections (Ferré and Bert-
hou, 1994), Such a method was applied and refined on
Albian Angolan microfacies (Ferré and Granier, 1997).
Thus, recognition of section orientation and therefore of
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diagnostic specific features leads now to apply for new in-
vestigations and reinstatements of such microfacies to-
wards taxonomical and stratigraphical tools (Ferré et al.,
1996; Ferré et al., this volume). As Kristan-Tollmann
(1970) reckonned an “Osteokrinusfazies” all over the Tria-
ssic Tethys Sea, we have now to admit worldwide Creta-
ceous occurrences for such roveacrinidal events (Ferré et
al., this volume). These latter could be used for global
scale correlation with a high degree of stratigraphical con-
fidence. As both qualitative and quantitative bio-markers,
they appear as first-order correlative biostratigraphical
tools for both Tethyan and Boreal realms.
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In the Alicante province (SE Spain), Mesozoic series
are outcropping due to structural anomalies (Polveche,
1963). In Prebetic and Subbetic domains, during the Ear-
ly Valanginian, a margin flexure related to the “Berria-
sian”-platform drowning (Granier, 1993). While the sea
invaded large areas on the southern border of the Iberic
Meseta, an important flexure wedge developed onto the
Berriasian platform slope (Busot) and far beyond. During
the Late Valanginan-Hauterivian interval, the initiation of
block-tilting induced condensation and/or erosion pheno-
mena, particularly on local highs, and sedimentary trap-
ping in grabens and/or half-grabens. This particular struc-
tural environment favored the preservation of deposits
from this intrusion in Busot. 20 km NNE from Alicante,
the village of Busot is located at the SW end of a Meso-
zoic belt called “bande 4 anomalies structurales de Busot-
Altea” (Granier, 1987). There, Lower Cretaceous (Valan-
ginian to Aptian) deposits are outcropping within a hard-
core extrusion complex. South of this village. two Creta-
ceous hills are formed by marly limestones. These bio-
clastic wackestones yield abundant small benthic forami-
niferids, echinodermal pieces, ammonites and c¢alpionel-
lids as autochtonous assemblage components. They also
contain reworked, worn and micritized microfossils:
mostly large benthic foraminiferid sand calcarcous algae.
However reworking is limited and neither sedimentary
slumps nor conglomerates have been evidenced.

This paper purports to describe one of the echinodermal
components as it appears to be the genuine and earliest
stratigraphical evidence of the family Roveacrinidae, sec-
tions of which are commonly erroneously assigned to as
Cretaceous saccocomid (Ferré, this volume).

The material herein considered consists of a unique ob-
lique section through the middle of the dorsal cavity (also
called aboral cup or basal cavity). The microfaciological
terminology was initiated by Ferré and Berthou (1994)
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and further refined in Ferré and Granier (1997). This sec-
tion is unguestionably of roveacrinidal affinity (Ferré,
this volume). The dorsal cup section is rather large com-
pared to the radial expansion preserved in this ablique pla-
ne. There are two tiny indentations on the inner part of
the section witnessing the presence of an inner partition.
We cannot determine wether this is due to a descending
process from the primiradials or merely to the basals, The
dorsal cup is rather smooth, if we except the presence of
rather low radial ornamentation on the lower sides of the
calyx. There is neither interradial ornamentation nor ob-
vious secondary ornamentation on the radials. The ventral
cavity is rather low. As for the radials, we have at hand
two kinds of section: sub-langential (cutting nearly the
articular facet) and oblique (showing primary ornamenta-
tion). The sub-tangential section displays a relatively lar-
ge radial, the articular facet is fully grown and transverse
to the section plane, this induces an oblique articular facet
of the radial; this later feature leads to assign this section
to genus Roveacrinus Douglas. 1908 (Rasmussen,
1961). The oblique section displays a twisted radial ex-
pansion. Such a radial twist is known to occur on fully-
grown dorsal horns originating from the fusion of radial
dorsal expansions. On the specimen at hand, this twist
occurs on the ventral expansion and thus constitutes a
specific original characteristic. This features a new spe-
cies R. berthoui dedicated to the late Dr Pierre-Yves Ber-
thou as a tribute for his contribution to roveacrinidal pa-
leontology in Brazil.

The ammonite assemblage dates this level of an Early
Hauterivian age (Granier et al., 1995). As such, the speci-
men in hand represents the oldest known representative of
the family Roveacrinidae, the latter being known from
the Middle Albian (Peck, 1943, 1955; Rasmusen, 1961;
Destombes, 1984; Griffiths, 1985; Dias-Brito and Ferré,
1997; Ferré and Granier, 1997). This very first roveacrinid
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displays a major milestone among the Late Tithonian
Saccocomidae, the dubious Microcalamoides diversus Bo-
net, 1956 (Ferré, this volume) and the later Middle Albian
Roveacrinidae. As the stratigraphical gap between these
taxa is getting shorter. this new evidence calls in question
once again the formerly suspected relationships between
Saccocomidae and Roveacrinidae, and pushes back the age
of the familial branching if these are really kinned. Fur-
thermore, as Kristan-Tollmann (1975) promoted the “Os-
teokrinus-fazies™ in the late Triassic Tethys Ocean, this
material enhances the role of the Tethyan seaway in the
Cretaceous appraisal of roveacrinidal microfacies (Dias-
Brito and Ferré, 1997; Ferré et al., this volume).
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Several Cretaceous rhynchonellids with an asymmetri-
cal anterior margin (right or left-handed) are represented as
the members of the genus Cyclothyris (Owen, 1962). So-
me of these specimens are recognized as Rhynchonella
difformis Val. in Lamarck in the Lower Cenomanian of
France (Normandy, Le Mans), England (Warminster),
Belgium (Tourtia of Tournai), Germany (Essen), in Mid
Cenomanian of Indre (France) and probably in organodet-
ritic limestones near Prague (Predboj, Bohemian Basin)
(Gaspard, 1991).

It would be interesting to consider now the status of
the Senonian specimens also often named as the Rh. “dif-
Sformis", like to those found in the Pyrenean region (Co-
niacian: Calcaires et Marnes = E0 Echinides of Boutenac,
Bois-du-Vicomte, Fondfroide, Rennes-les-Bains (with
Micraster corbaricus), Sougraigne,.) and S. E. France
(Santonian: Le Beausset, La Cadiére, Les Martigues, Gas-
pard, 1991).

These last specimens compared with members of Cyclo-
thyris difformis (Val. in Lamarck) have a massive shell, a
thinner and more incurved ventral umbo with a smaller fo-
ramen; they are larger and less globular than the Gaspard
and Odin in preparation). Coquand (1879) introduced the
existence of another species name: Rh. claudicans, but wit-
hout any illustration.

Observations of transverse serial sections in parallel
with the external morphological characters of representati-
ve specimens of the different series allow to recognize dif-
ferent species, from difformis and globata, in the Conia-
cian-Santonian horizons. This is in contrast with the data
of Motchurova-Dekova (1995) who includes the Santo-
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nian specimens from Bulgaria in the species C. globata
(Amaud).

It will be interesting to compare the material previous-
ly quoted in the Senonian with the figured specimen from
the province of Leida (St. Corneli), Spain presented by
Muroz (1985) as Cyclothyris claudicans (Coquand).

Thus far, the asymmetrical anterior margin has tenden-
tiously been considered as the preponderant character.
Considering the gibbosity of the shell and the curvature
of the ventral umbo, specimens from Boutenac and
Rennes-les-Bains (for example) do not seem, at first
sight. to belong to the same species, however, local con-
ditions must be taken into account.

*UMR 5561 and Contribution to IGCP project 362
(TBC)
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The Pieniny Klippen Belt (PKB) is a narrow, strongly
elongated tectonic unit which follows the Carpathian
subduction zone between Inner and Outer Carpathians
(Fig. 1). During its Mesozoic history the Pieniny Klip-
pen Belt Basin (PKBB) was a branch of the northern
part of the Tethys (Birkenmajer, 1986). In palinspastic
reconstruction the basin is well-marked by longitudinal
facies zones which correspond to ridges and troughs in
the sea floor (Birkenmajer, 1977, 1986, 1988). During
the Jurassic and Cretaceous (pelagic “C” stage of Bir-
kenmajer, 1986) the submarine Czorsztyn swell (“pela-
gic swell” of Misik, 1994) was an elongated structure,
nearly 500 kilometers long and some tens of kilometers
wide. Abundant and diversified lowermost Cretaceous
brachiopod fauna of the Czorsztyn Succession was (after
crinoids) the most frequent constituent of benthic as-
semblages of the PKB (mainly from the Dursztyn, Lysa
and Spisz Fm) in this epoch (Fig. 2). This fauna were
studied in detail by Barczyk (1979 with references) and
by Krobicki (1994, 1996a, b). Stratigraphic ranges of
individual brachiopod taxa in the Polish part of the PKB
have been determined on the basis of a rich paleontolo-
gical material in numerous precisely dated sections (Fig.
3; Krobicki, 1994, 1996b), according to ammonite zo-
nation recognised by Wierzbowski and Remane (1992),
Wierzbowski (1994) and Krobicki and Wierzbowski
(1996) (the location of the lowermost Cretaceous sec-
tions with brachiopods is limited only to both Czorsz-
tyn - Sobdtka and Biala Woda Valley sections in this
abstract: Figs. 1 and 4).

The most of the taxa have survived the Jurassic-Creta-
ceous boundary and occur throughout the whole Berria-
sian. The selected species are limited to the lowermost
part of the Otopeta Zone of the Lower Valanginian (see
Fig. 3). The most important stratigraphic indicators of
Valanginian age are: Formunella fortunae Calzada and
I, praemoutoniana Sulser and Calzada; their age range is
probably limited to Early Valanginian. Dictyothyropsis

sp. is rare in the Spisz Limestone Formation, its strati-
graphic value is not yet established. The two Forfunella
species are new for the Pieniny Klippen Belt.

Differences in quantitative composition of brachiopod
assemblages allowed to use them as good ecostratigra-
phic indicators for local stratigraphic subdivisions. These
differences reflected environmental changes with time,
caused by intensive Neo-Cimmerian tectonic movements
within the Pieniny Klippen Belt during the latest Jurassic
to earliest Cretaceous. The appearance and subsequent de-
struction of submerged horsts were most distinctly mar-
ked in the Czorsztyn Succession as sedimentary breaks,
limestone breccias (e. g. the Walentowa Breccia Mem-
ber), neptunian dykes, and redeposited shell fragments
(Birkenmajer, 1975, 1986; Krobicki, 1996a). A distinct
difference between the Early Berriasian and Late Berria-
sian brachiopod assemblages could also retlect these tec-
tonic movements, Occurrence of rhynchonellids of the
genus Lacunosella and a trend of quantitative changes in
the occurrence of pygopids (Pvgope and Nucleata) were
accepted as the major diagnostic features in this respect.
The species Lacunosella heheneggeri (Suess) is abun-
dant in the Lower Cretaceous of the Stramberk-type
limestones (reef-like carbonate deposits), known as
secondary deposits (olistholites and pebbles) within
flysch strata of the Outer Carpathians. An abundance of
the genus Lacunosella suggests shallower marine envi-
ronments. On the contrary pygopids (genera Pygope and
Nucleata) usually preferred deeper marine, their abundan-
ce is indicative of such environments. A marked differen-
ce in the ratio of individual brachiopod taxa in faunal pie
charts of a given sequence testifies to an environmental
change, during the sedimentation of successive mem-
bers. In the sections of the Biala Woda Valley, this may
be seen in the replacement of initially dominating pygo-
pids (Pygope and Nucleata) within the Walentowa
Breccia Mbr by numerous specimens of the genus Lacu-
nosella in the Kosarzyska Limestone Member (Bed 3 -
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Fig. 1. A - Location of the Pieniny Klippen Belt (in black) within the
Carpathians. Rectangle - see B. B - Location of the studied sections
with Valanginian brachiopods in the Pieniny Klippen Belt, Poland (ba-
se map simplified from Birkenmajer, 1963, 1977). 1 - Magura Palaco-
gene flysch (Magura Nappe): 2 - Podhale Palaeogene flysch (autoch-
thonous); 3 - northern and southern tectonic boundaries of the Pieniny
Klippen Belt, Sampling sites: 1 - Czorsztyn - Sobdtka; 2 - Biala Woda
Valley. )
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Fig. 2. Simplified profile of the Czorsztyn Succession near Juras-
sic/Cretaceous boundary (based on Birkenmajer, 1977, modified).

Fig. 4). This trend indicates a shallowing-upward sequ-
ence (Krobicki, 1994, 1996b).

An almost identical trend in the change of the brachio-
pod fauna during the Berriasian has been recognized in the
Sobodtka Klippe section at Czorsztyn. The beds of the
Harbatowa Limestone Member (Bed 4 - Fig, 4), which
underlies the Walentowa Breccia Member yielded the sa-
me brachiopod assemblage as the Walentowa Breccia
Member from the Biala Woda Valley. Moreover, the
youngest brachiopod assemblage of the Kosarzyska Li-
mestone Member of the Lysa Limestone Formation in
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Fig. 3. Stratigraphic distribution of Valanginian brachiopods in the
Pieniny Klippen Belt of Poland based on investigated sections descri-
bed in the text.

the Sobdtka Klippe (Bed 6) is almost identical with the
younger brachiopod assemblage of the Biala Woda Valley
sections (Bed 3 - Fig. 4). Two discussed brachiopod
assemblages from the Sobétka Klippe are Late Berriasian
in age, corresponding both to the ammonite Boissieri-
and the calpionellid Calpionellopsis (D3) Zone.
Domination of deeper-water brachiopod fauna is the
common feature of both Early Valanginian brachiopod
assemblages discussed, if compared with the latest Berria-
sian ones. This tendency, probably even stronger during
Late Valanginian, could reflect deepening of the basin.
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Fig. 4. Trends of change of brachiopod assemblages in Berriasian-Valanginian strata (left - Czorsztyn-Sobotka klippe; right - Biala Woda Valley).
Lithostratygraphic units after Birkenmajer (1977); stratigraphy and numbering of beds after: Czorsztyn-Sobétka - Wierzbowski and Remane
(1992); Biala Woda - Krobicki and Wierzbowski (1996); brachiopod pie charts - comp. Krobicki (1994, 1996).
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The Upper Cretaceous stratigraphy in North-East Bul-
garia was done mainly by Jolkichev (1988, 1989). He re-
cognized lithostratigraphic units but only mentioned part
of the ammonite taxa. Some of the Turonian ammonites
obtained from the investigated area have been published
and figured by Tzankov (1982). The objectives of the stu-
dy are to determine and (or) to revise the hole ammonite
species with Turonian age from this part of the country.

The Turonian sequence in the study region is represen-
ted by sandy, slightly silty and chalk-like limestones
with extremely abundant carbonate-siliceous concretions
(Mogila Formation). This sediments are covered by
phosphorite bed and glauconite sandstones (Dobrindol
Formation), which are laterally replaced by the lime-
stones of Venchan Formation (Jolkichev, 1989).

More than 150 specimens, fragments and pieces of Tu-
ronian ammonites are documented from several sections
in North-East Bulgaria. They have relatively high species
diversity and are considerably well preserved.

The Lower Turonian is proven by the species Inocera-
mus labiatus Schlotheim (Tzankov et al., 1952, p. 63).
The established species Lewesiceras peramplum (Man-
tell) is characteristic for the uppermost Lower Turonian
ammonite zone (Mammites nodosoides) and for the Midd-
le Turonian Collignoniceras woollgari zone,

Middle Turonian ammonites in the investigated sec-
tions belong mainly to the genus Collignoniceras
Breistroffer - C. woollgari (Mantell), C. carolinum (d Or-
bigny) and C. bravaisianum (d’Orbigny). The last one al-
s0 occurs in the Upper Turonian. Romaniceras ornatissi-
mum (Stoliczka) is zonal index of the Middle Turonian
zone of the same name (Kennedy, 1984, p. 151 - “gallic
view”).

The following ammonite taxa characterize the Upper
Turonian substage: Subprionocyclus neptuni (Geinitz), S.
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normalis (Anderson), Romaniceras deverianum (d’Orbig-
ny), Puzosia hernensis (Schliiter), P. gaudama Forbes,
Lewesiceras mantelli Wright and Wright, Sciponoceras
bohemicus (Fritsch and Schliébach), Scaphites geinitzii
d’Orbigny, Baculites sp. The common presence of Ro-
maniceras deverianum and Subprionocyclus neptuni has
to be noted, especially when their first occurrences are un-
certain in respect to the middle-upper Turonian boundary
(Bengtson, 1996). Unfortunately in our case both species
are found in thin phosphorite bed and it is difficult to cor-
relate their ranges. Middle Turonian ammonites are also
documented from the same bed, a fact explained by Jolki-
chev with condensed sections (1989, p. 99).

The review of previously and newly obtained biostrati-
graphic data gives ground to consider that the three sub-
stages of the Turonian are represented in the investigated
area.
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Upper Jurassic - Lower Cretaceous carbonate platforms
in the Western Carpathians have been mostly eroded or
tectonicaly destroyed. Their remnants occur rarely (Barm-
stein Limestone in the Nedzov Nappe, Brekov Limestone
in the Humenné Mts, Manin Limestone in StriZov Mis.
and Vysoka Turnia Fm in the Tatra Mts). The platform-
derived material was also accumulated in the slope calci-
turbidite deposits (StraZovee Turbidite Mb, Murai Lime-
stone, Solirov Formation). The platform carbonates form
klippes (Stramberk Limestone, Ernstbrunn Limestone,
“Urgonian” klippes near Nizna, Haligovce klippe) and in
pebble associations recycled into syn/postorogenic forma-
tions (Upohlav-, Pro¢-, Jasenov-, Strihovce-, Dob8ina Ice
Cave Conglomerate, conglomerates in the Magura and
Zdénice Unit, Chvalova Conglomerate, Jablonica Con-
glomerate Mb etc.). The study of the benthic constituents
of these limestones (mainly algae and foraminifers) al-
lows to interprete the successive development of the car-
bonate platform facies ranging from Oxfordian to the Bar-
remian/Aptian age (see Migik and Sykora, 1980, 1981,
1982; Misik et al., 1981, 1991; Migik, 1990, etc., Mi-
chalik, 1994; Michalik and Sotik, 1990; Sotdk. 1987a,
b, 1989; Sotak and Misik, 1993; Rehakova, 1995, etc.).

- Oxfordian oolitic-oncolitic limestones with foramini-
fers Protopeneroplis striata, Labyrinthina mirabilis, Co-
nicospirillina basiliensis etc. Dasycladalean algae are no-
table for the dominance of Salpingoporella-species such
as 8. pygmaea, S. enayi, S. annulata and S. etalloni. Ano-
ther dasyclads comprise of Clypeina caliciformis, Macro-
porella praturloni, Clypeina? delphica, Suppiluliumaella
cf. verae and Linoporella? cf. svilajensis.

- Kimmeridgian to Lower Berriasian Clypeina limesto-
nes. The biogenic components are represented mostly by
isolated disc-shaped whorls of algae, tests of big cyclam-
minoid and arenaceous foraminifers (Pseudocyclammina
lituus, Everticyclammina virguliana, Haplohragmium co-
prolithiformis, etc.), bryozoans, hydrozoans, Chlorophyta
and Cyanophyta nodules (Rivularia lissaviensis, Car-
pathocodium anae, Bevocastria toomeyi, Mitcheldeania
americana etc.), encrusting algae Bacinella irregularis,
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spirorbid worms, coprolites (Favreina salevensis), neri-
neacean gastropods, etc. Among dasycladalean algae Cly-
peina jurassica is dominant accompanied with Actinopo-
rella podolica, Campbelliella striata, Teutloporella obso-
leta, Salpingoporella pygmaea, Salpingoporella grudii, S.
annulata and Pseudotrinocladus piae.

- Upper Tithonian - Lower Berriasian reefal limestones.
(Stramberk Limestone). The limestones are developed
mostly as boundstone facies (coralgal limestones with
phaceloid and dendroid corals, Tubiphytes, Ellipsactinia,
sponges Barreisia sp.). The framebuilders are also repre-
sented by bunch growths of cyanophycean algae (Rivula-
ria lissaviensis, Suhardiella frollae, Orthonella lemoine,
Alpinella distincta), bushes of dasycladalean algae, algal
encrusters Bacinella irregularis, B. crispa, Lithocodium
morikawai, Enigma parvissima and Thaumatoporella
parvovesiculifera. Peri-reefal and intraplatform facies are
characterized by biomicsparrudites with detritus of reefal
skeletons or bahamite particles e. g. coated and micritized
grains, pseudoooids, peloids, aggregated lumps. Forami-
nifers comprise of Profopeneroplis trochangulata, Neo-
trocholina valdensis, N. friburgensis and Ataxophragmii-
dae. Dasycladalean algae are represented by the species of
Triploparella remesi, Neoteutloperella socialis, Salpingo-
porella pygmaea, S. johnsoni, Dissocladella cf. interce-
dens, Pseudoepimastopora? jurassica, Terquemella sp.,
Clypeina jurassica and Acicularia aff. elongata.

- Berriasian to Valanginian Clypeina limestones. They
consist of biosparrudites with skeletal detritus of reefal
organisms (dasyclads, corals, echinoderm fragments, etc.).
The dasycladalean algae are notable for a small forms of
Clypeina that can be referred to Clypeina? solkani. The
most frequent alga is, however, Actinoporella podolica
occurring in numerous isolated whorls. Among the fora-
minifers Trocholina alpina, 1. delphinensis, T. campanel-
la, Nautiloculina oolithica and Haurania arabica were de-
tected.

- Berriasian to Valanginian reefal limestones. They
show features of Bacinella-biolithtes and peri-reefal rudi-
tes. Their younger age compared with the Stramberk Li-
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mestone can be demonstrated by the occurrences of Chof-
fatella pyrenaica, T. delphinensis and T. chouberti. Dasyc-
ladalean algae are rare, presented by Pseudoclypeina? sp.
and Salpingoporella sp. (aff. S. melitae).

- Berriasian to Valanginian grainstones with ooids,
rounded intraclasts, fecal corpuscles etc. The limestones
are rich in dissociated skeletons of dasycladalean algae
comprising of Radoiciciella bartheli, Radoiciciella subti-
lis, Falsolikanella campanensis, Actinoporella podolica,
Cylindroporella sp. (aff. C. arabica) and Salpingoporella
steinhauseri. The accompanying foraminiferal species
consist of Charentia cuvillieri, Haplophragmoides jou-
kowskyi, Protopeneroplis trochangulata and Valvulina lu-
geoni.

- Valanginian up to Barremian? sandy intrabiosparitic
limestones. The limestones are characterized by the ap-
pearance of Pfenderinid foraminifers from two stratigra-
phical levels: a) Valanginian associations with Pfenderi-
na neocomiensis, Pseudocyclammina lituus, Rectocyclam-
mina chouberti and Pseudotextulariella courtionensis and
b) Hauterivian to Barremian associations with Pfenderina
Jjanae, Pf. flandrini, Pf. aureliae, Pf. cf. ostroviana, Ever-
ticyclammina hedbergi and Nautiloculina bronnimanni.
Algal assemblages consist of Carpathocodium anae, Ba-
cinella irregularis, Bouenia hochstetteri, Arabicodium
orientalis, etc. Dasyclads are rather scarce in the Valangi-
nian limestones including the species of Falsolikanella
campanensis and Radoiciciella subtilis.

- Barremian to Albian limestones of the Urgonian fa-
cies. They consist of bioclastic grainstones, packstones,
rudstones and floatstones. The Urgonian limestones usu-
ally contain orbitolinid foraminifers and rich dasyclada-
lean flora. The Barremian facies of the Urgonian limesto-
nes contain associations of foraminifers Orbitolinopsis
buccifer Ovalveolina reicheli, Orbitolinopsis flandrini O.
kiliani, Orbitolinopsis cuvillieri Paleodictyoconus barre-
mianus, etc. However, the majority of these limestones,
according to abundance of foraminifers Palorbitolina len-
ticularis, belong to Upper Barremian Lower Aptian (Be-
doulian). The Aptian age of some Urgonian limestone fa-
cies is dated by foraminifers Orbitolina (Mesorbitolina)
parva, Orbitolinopsis reticulata, Sabaudia auruncensis,
etc. The abundance of the Urgonian biotas in these lime-
stones is given by corralline algae (the Albian facies con-
tain the Vimport flora elements as well - Agardhiellopsis
cretacea, Archaeolithothamnium rude), chlorophycean al-
gae (Lithocodium aggregatum + Bacinella irregularis,
Bouenia hochstetteri, “Pseudocodium” convolvens, etc.),
rodophycean algae (Ethelia alba, etc.), hydrozoans (Acti-
nostromaria cf. carpathica), sclerites from Alcyonarian
(Pieninia oblonga), corals (Mesomorpha excavata, Mic-
rosolena distefanoi, elc.), Acrasiales Fungi (Paleoguttuli-
na muranii, Fungisporonites sp.), rudists (Radiolites sp.,
Praecaprotina sp., Offuneria sp., etc.), pelecypods, nerine-
acean gastropods, serpulide worms, etc. Back-reef facies
of the Urgonian limestones consist of miliolid pelmicri-
tes with numerous representatives of foraminiferal genera
Sabaudia, Cuneolina, Urgonina, etc. The Urgonian plat-
form slope sediments are formed by detrital limestones

with assemblages of small miliolids and textularids
(Quinqueloculina minima, Bolivinopsis golertorum, B. la-
beosa, Textularia alexandri, Gaudryina tuchaensis, eic.).
The rich dasycladalean flora of the Urgonian limestones
comprise of species Salpingoporella muehlbergii, S. gene-
vensis, S. melitae, S. ¢f. urladanasi, S. verticilata, Triplo-
porella cf. praturloni, T. aff. fraasi, Pseudoclypeina? neo-
comiensis, Pseudoactinoporella fragilis, Heteroporella?
paucicalcarea, H. graeca, Montiella? elitzae, Cylindropo-
rella sugdeni, C. aff. benizarensis, C. pedunculata, C. cf.
maslovi, C. elliptica, C. lyrata, Acroporella radoicicae,
Praturlonella danilovae, Linoporella? cf. elliotti, Clypeina
nigra, C. somalica, Sarfatiella sarda, Vermiporella? te-
nuipora, Russoella radoiciciae, Neomeris cretacea, Neo-
meris cf. pferderae and Neomeris sp. The Albian shallow
water limestones contain algae of Trinocladus tripolita-
nus.
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The Upohlavy section is situated in the south-eastern
part of the Bohemian Cretaceous Basin. This section re-
presents lithological boundary between the Jizera and
Teplice Formations (Late Turonian). The microbiological
data from the Upohlavy section are based on the study of
63 samples. The boreal foraminiferal assemblages are re-
presented by abundant, well preserved tests of aggluti-
nated and calcareous species. The stratigraphic important
benthic species were studied. The foraminiferal assembla-
ge from the Upohlavy section is possible to correlate to
foraminiferal assemblage from the Racknitzer and Strehle-
ner Formations in Dresden-Strehlen section in Germany
(Wejda, 1993). On the based of the range of these benthic
species, two levels with significant change of foraminife-
ral assemblage was determined.

The first change in the level 0 - 5 m is connected to the
disappearance of Cassidella tegulata, Gaudryina com-
pressa and Dorothia pupa. Sediments between -210 m
and 5 m interval are characterized by rich foraminiferal as-
semblage with high diversity of planktic species. Because
a great number of planktic specimens of genera Margi-
notruncana and Heterohelix were found in this interval
we could suppose good life conditions with the normal

347

salinity (Leckie et al., 1991). The interval 5 - 280 m con-
tained relatively poor assemblage of adult specimens of
Foraminifera. Juyvenile specimens of planktic genera
Hedbergella and Whiteinella are more frequent there. In
this interval, the change of life conditions was recorded. It
was probably caused by the fluctuation of the sea level
and stressed life conditions.

The interval between 280 - 930 m is characterized by
the another sea level change. The life conditions have
changed for the better. The foraminiferal assemblage is
more rich with higher diversity and new benthic species
appear there, In this interval the keeled planktic globo-
truncanids (Marginetruncana, Dicarinella) prevail.
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Silicified sediments which occur in Albian to Campa-
nian parts of the Czorsztyn Succession in the Pieniny
Belt are known in several stratigraphical horizons in Slo-
vak and Polish territory. Sediments of ?Upper Berriasian-
Lower Campanian age have been investigated in the Vr3a-
tec Castle Klippe section (Fig. 1, Sykora, OZvoldovd &
Boorovi, in press).

Silicified sequence is represented by brick-red marls and
grey-green silicified limestones and marls with reddish-
brown, grey-green and scarcely yellowish cherts (Skalki
Marl Member of Jaworki Formation, Birkenmajer, 1977).
It contains rich radiolarian and foraminiferal microfauna.
The uppermost part is of grey-red colour and forms the
transitional beds with the overlying light grey - red and
red marls. It contains the abundance of radiolarians prevai-
ling over foraminifers.

For the evaluation of the radiolarian microfauna
(Fig. 1, samples 5, 6, 8), detailed Middle Cretaceous ra-
diolarian zonation of O°Dogherty (1994) of the Western
Mediterranean was used. According to this zonation, the
association represent the Superbum Zone, which started
in the earliest Turonian, The top of this zone has not
been recognized in this work.

The Superbum Zone comprises Unitary Associations
UA 20 (in the lowermost part) and the overlying - UA 21.
Allievium superbum (Squinabol) is the index of this zone.
The sample 6 (Fig. 1) contains Alievium cf. superbum
with broken spines. The further species - Acanthocircus
tympanum O°Dogherty, Acanthocircus venetus (Squina-
bol), Cavaspongia antelopensis Pessagno, Crucella ca-
chensis Pessagno, Dictyomitra undata Squinabol and Pa-
tellula ecliptica O°Dogherty also appear in UA 20. In the
same Unitary Association last appearence of Dictyomitra
montisserei (Squinabol) was observed. Rarely, Dictyomitra
multicostata Zittel, which appears in the following UA 21
can be visible. Therefore, the association can be assigned
to the lower Turonian (except for the lowermost part).
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According to the investigation of Thurow (1988), it
can be confirmed: Pseudodictyomitra pseudomacrocep-
hala (Squinabol) disappears above the top boundary of
CTBE (Cenomanian-Turonian Boundary Event, which
comprises the uppermost part of Cenomanian and the lo-
wermost part of Turonian) and Dictyomitra multicostata
Zittel appears a little below this boundary. The new ra-
diolarian species Patellula andrusovi n. sp. was described
in the associations,

The foraminiferal microfauna, analyzed by Boorovi (in
Sykora et al., in press) indicates the Helvetoglobotrunca-
na helvetica Zone. According to Salaj (1996) this zone re-
presents Middle Turonian. The biozonation of Robaszyn-
ski and Caron (1995) assignes it to the stratigraphical
range - Early Turonian (except for the lowermost part) -
the middle part of Middle Turonian,
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Evidence of the Braarudosphaera-rich Turonian sediments

in the Bohemian Cretaceous Basin
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Nannofossil assemblages enriched in Braarudosphaera bi-
gelowii were observed in the Turonian epicontinental sedi-
ments of the Bohemian Cretaceous Basin in the Upohlavy
quarry, NW part of the Czech Republic. Calcareous mudsto-
nes (<40 % CaCO;) are exposed at the bottom of the Upo-
hlavy quarry. They span across the Jizera and Teplice Forma-
tions boundary which is marked by the Coprolite Bed. Sedi-
ments yield rich and well-preserved nannofossil assemblages.

About 0.3 m above the Coprolite Bed, i. e. the Teplice
Formation, the first specimens of Lithastrinus moratus and
Marthasterites furcatus appear giving evidence for the Late
Turonian, CC13B Zone sensu Burnett (1996). B. bigelowii
was not observed here. Above, Braarudo-sphaera bigelowii
appears abruptly at the base of a rhythmically bedded
succession of carbonates where clayey foraminiferal lime-
stones (>75 % CaCOj) alternate in 10 to 70 cm intervals
with foraminiferal marlstones (35 - 75 % CaCO,) - see
Cech et al. (1996). Relative abundance of B. bigelowii fluc-
tuates within this 7.5 m thick carbonate succession. Speci-
mens are rare (<1 %) after their first occurrence at the bot-
tom of the succession (about 1.0 m in thickness), after they
are mostly common (>5 %) in the next 3.1 m and abundan-
ces continue to be few (1 - 5 %) or rare up to the top of the
carbonate succession. There were observed two forms of B.
bigelowii: one of normal size (10 - 12 pm) and another one
represented by small specimens (5 - 8 pm).

The character of nannofossil assemblages is distinctly
changed especially in the lower part of the carbonate succes-
sion. Poor and poorly preserved nannofossil associa-
tions with reduced species diversity contained besides B. bi-
gelowii also Kampinerius magnificus and Lucianorhabdus
maleformis in higher quantities. In contrast, Marthasterites
Jurcatus, Lithastrinus moratus and “fragile” nannofossils,
such as Stephanolithiaceae and related genera disappear at the
same horizon. The next occurrence of L, moratus was obser-
ved more than 7 m higher in the section and M. furcatus ex-
perienced a gap of about 9 m in its presence, up to the first
mudstone intercalations. Both L. moratus and M. furcatus
manifest their inconvenience to be useful markers for precise
biostratigraphic conclu-sions. It appears that their presence
is strongly influenced by lithological character of sediment,

An analogous event was studied by Siesser et al. (1992) in
the Oligocene and Lower Miocene sediments on the Exmouth
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Plateau, Indian Ocean. They found that B. bigelowii had shown
its preference for cool and low-salinity waters. Upwelling wa-
ter brings up dissolved nutrients that are necessary for phyto-
plankton growth. Berger et al. (1989) suggest that sporadic
nutrient originated from a deep reservoir would be stressful to
pelagic organisms adapted to low fertility and produce blooms
of opportunist algae such as Braarudosphaeraceae. In modern
oceans, braarudospherids prefer low-salinity, nearshore waters
and they are rarely found in the open ocean (Bukry, 1974).

According to Uli¢ny (in Cech et al., 1996), the under-
lying mudstones represent a transgressive systems tract.
The basal surface of the carbonate succession is interpre-
ted as the maximum flooding surface. The upward decrea-
se in CaCO; content (from >80 % to <70 %) across the
succession is explained to result from progressive dilu-
tion of pelagic component by fine-grained terrigenous
material, during deceleration of sea-level rise or stillstand
in sea level. The Braarudosphaera enrichment and the
reduced diversity in nannofossil assembalges well reflec-
ted this change in the paleoecological conditions.

Conclusions

In the carbonate sediments of the Late Turonian age in
the Upohlavy quarry, the input of terrigenous material du-
ring the stillstand in sea level probably triggered the ab-
rupt Braarudoesphaera enrichment. Fine-grained terrige-
nous components obtained nutrients suitable for the
Braarudosphaera growth. The absence of “fragile” nan-
nofossils including M. furcatus in the carbonate succes-
sion may be explained not only by the primary change in
the nannofossil assemblage but also by the secondary
pheniomenon caused by the diagenesis of sediment and by
the overgrowth of calcareous fossil component.
Calcareous nannofossils mentioned in the text:
Braarudosphaera bigelowii (Gran and Braarud, 1935) De-
flandre, 1947
Kamptnerius magnificus Deflandre, 1959
Lithastrinus moratus Stover, 1966
Lucianorhabdus maleformis Reinhardt, 1966
Marthasterites furcatus (Deflandre in Deflandre and Fert,
1954) Bramlette and Martini, 1964
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Tithonian to Valanginian microfossils from the “Cieszyn Beds”
in the Outer Western Carpathians (Silesian Unit), Poland
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Preliminary results of the analyses of foraminiferal and
calcareous nannoplankton assemblages from sediments of
the Silesian (Cieszyn) Unit of Polish Western Carpathians
are presented. These are a part of a project dealing with the
onset of subsidence of the Carpathian flysch basins. The
study is based on samples collected from the vicinity of
Bielsko-Biala (Lipnik stream, Kamienica stream and quar-
ry) and the Cieszyn-Ustron area Cisownica, Goleszow).

The Silesian Nappe in the study area consists of two
independent tectonic units: the Cieszyn Unit and the Go-
dula Unit. The first one comprises uppermost Jurassic
(Tithonian) and Lower Cretaceous strata. Part of this se-
quence of the so-called “Cieszyn Beds™ has been studied
for microfossils.

The oldest assemblages from the Tithonian non-flysch
marly Lower Cieszyn Shales are dominated by calcareous
benthic foraminifera: Geinitzinita wolinensis, Vaginuli-
nopsis embaensis, Marginulinopsis robusta, Tristix ter-
micra, Lenticulina miinsteri, Lenticulina cf. ambanjaben-
sis, Frondicularia cf. inderica. Agglutinated foraminifera
including Belorusiella wolinensis, Palaeogaudryina cf.
taurica and Palaeogaudryina varsoviensis have also been
found. Radiolarians, diatoms and fragments of ostracods
also occur in these sediments. The first occurrences of
Trocholina (T. aplina, T. molesta, T. solecensis) and di-
verse Lenticulina (L. infravolgensis, L. miinsteri, L. oua-
chensis, L. ponderosa, L. cf. vistulae) is observed. In ad-
dition, Marginulinopsis bettenstaedti, M. striatocostata,
Vaginulinopsis embaensis, Saracenaria alata-angularis,
Paalzowella feifeli. Spirillina minima have been recorded
in the Cisownica section, at the top of Lower Cieszyn
Shales, just below the Cieszyn Limestones.

The Lower Cieszyn Shales are characterized by scarce,
poorly preserved nannoplankton assemblages dominated
by Watznaueria and Ellipsagelosphaera. Occasional spe-
cimens of Conusphaera mexicana, Cyclagelosphaera de-
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flandrei, Cy. margerelii, Diazmolithus lehmanii, Zeugrab-
dotus embergeri. Polycostella beckmanii have been en-
countered at the boundary with the Cieszyn Limestones.

The assemblages mentioned above (consisting mostly
of foraminifera) are comparable to neritic associations of
the European Platform, Nevertheless, the presence of (cal-
cified) radiolarians and agglutinated foraminifera from the
Silesian (Cieszyn) Basin suggest the upper bathyal envi-
ronment. The worldwide Late Tithonian and Early Berria-
sian regression corresponding to the Neo-Cimmerian oro-
geny may be responsible for the supply of neritic micro-
faunal elements into the Silesian (Cieszyn) Basin.

The younger microfossils from the Berriasian calca-
reous flysch (upper part of Cieszyn Limestones) and Va-
langinian shaly flysch (Upper Cieszyn Shales) are com-
posed of both calcareous and primitive agglutinated fora-
minifera representing the slope of Silesian Basin (bathyal
zone). Poorly differentiated foraminifer assemblages con-
sist of numerous primitive agglutinated ammodiscids
(Ammodiscus, Glomospira) and ataxophragmiids (Pseu-
doreophax cisovnicensis) and scarce calcareous benthic
forms belonging to Nodosariidae, Involutinidae (Trocho-
lina paucigranulata), accompanied by infrequent radiola-
rians and ostracods. These assemblages resemble the coe-
val faunas of the Alpine flysch troughs.

The nannoplankton assemblages in the Cieszyn Lime-
stones are similar to those from the Lower Cieszyn Sha-
les. Nannoconus steinmannii minor has been found in
one sample only. The samples from Upper Cieszyn Sha-
les are barren of calcareous microfossils,

The succession of foraminiferal assemblages and the
nature of the calcareous nannoplankton association from
the “Cieszyn Beds” reflect the subsidence of collapse of
the NE European margin of the platform, the disappearen-
ce of areas with shallow carbonate sedimentation, and the
formation of the deep basin with flysch sedimentation.
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Preliminary results of the palynological research of the Lower Cretaceous
deposits of the Skole Nappe (Outer Western Carpathians, Poland)

ELZBIETA GENDL

Jagiellonian University, Institute of Geological Sciences, Oleandry 2a,
30-063 Krakow, Poland
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Lower Cretaceous deposits from several localities have
been palinologically studied. Special emphasis has been
put on the dinocyst assemblages. Studied material inclu-
ded black shales (so called Spas shales) and green shales
from the transitional interval to the Dolhe Formation
(Skole Nappe, Polish Flysch Carpathians). Almost all
samples yielded rich and well preserved dinocyst and other
palynomorph assemblages.

The studied section spans from late Barremian to latest
Albian (Vraconian). The oldest samples (upper Barre-
mian) contains such markers like Muderongia neocomi-
ca, Paleoperidinium cretaceum, Pseudoceratium securi-
gerum, Fromea quadrugata, Prolixosphaeridium parvis-
pinum etc. The early-middle Albian has been dated on the
basis of the presents of Carpodinium granulatum, Ellip-
sodinium rugulosum, Muderongia cf. staurota, Paleotet-
radinium silicorum, Stephodinium coronatum, Systema-
tophora cretacea, Tehamadinium coumnmium. The youn-
gest samples (Vraconian) include Adnatosphaeridium tu-
tulosum, Epelidosphaeridia spinosa, Palaeohystri-
chophora infusorioides.

Lower part of the section contains numerous near-shore
taxa (e. g., Circulodinium distinctum, Pseudoceratium re-
tusum, P. expolitum, P. securigerum, Canningia colliveri)
whereas toward the top of the section an increase of ocea-
nic dinocysts is remarkably visible, This may indicate on
relative shallow depositional environment of the Spas
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shales and gradual deepening during the deposition of its
upper part and the Dolhe Formation. However, the large
amounts of the terrestrial palynomorphs (spores, pollen
grains and land plant tissues) in the lower part of the sec-
tion may suggest a redeposition of the near-shore material
into the deeper parts of the basin, especially, that oceanic
dinocysts (e. g. Pterodinium) are present in all samples.

The peridinioid/gonyaulacoid ratio is the highest in the
lower part of the section and decreases toward the top
with another pik in the uppermost part of the section.
The high attandance of the peridinioids in the lower part
of the section, often present in the environments of the
encreased nutrient supply may support the thesis of the
river mouths presence. This would also explain the high
amount of the terrestrial palynomorphs.

The dinocysts present in the studied material are almost
entirely warm-water taxa (e. g., Subtilisphaera perlucida,
S. pirnaensis, Pterodinium cornutum, Dapsilidinium de-
flandrei, D. warreni, Cometodinium habibi, C. whitei) in-
dicating on relatively high sea surface temperature during
the deposition of the studied interval (late Barremian-
latest Albian). The presence of few cold-water species
(e. g., Fromea amphora, F. quadrugata, Hystrichodi-
nium ramoides, Hystrichosphaerina schindewolfii) in
upper Barremian -lower Aptian and lower-middle Albian
samples may suggest the connection between the Tethyan
and the Boreal provinces.
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Palynology of several Santonian - Campanian sections of North Bulgaria

POLINA PAVLISHINA
Geological Institute, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria
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Santonian-Campanian sequences crop out in many sec-
tions in the northern Bulgaria. They display considerable
facies diversity, being represented by glauconitic sandsto-
nes, sandy limestones with glauconite; chalk-like and
chalk limestones with chert concretions. These sediments
have been sampled for palynological investigation. The
obtained palynofloras comprise terrestrial miospores, re-
presented mainly by the Normapelles group as well as by
diverse marine dinoflagellate cysts. The aim of this paper
is to produce an integrated Santonian-Campanian paly-
nostratigraphic biozonation with the use of both dino-
cyst and sporomorph distribution data.

In the following, the most important palynological da-
ta from the sections Novachene, Komunari and Dobrinski
dol are summarized. Sample position are relative to the
lithostratigraphic subdivision, proposed by Jolkichev
(1988, 1989). Dinocyst assemblages usually predomina-
ting in the samples were divided into two distinct succes-
sive units: Dinogymnium denticulatum - Dinogymnium
microgranulosum Concurrent-Range-Zone (Santonian)
and Senoniasphaera protrusa Range-Zone (uppermost
Santonian - Lower Campanian). Both zones correlate fair-
ly well and share mutual characteristics with the biostrati-
graphically well-controlled dinocyst framework establi-
shed for Western Europe and the Tethyan area (Clarke and
Verdier, 1967; Foucher, 1979, 1983).

The representatives of the Normapolles group comprise
from 25 up to 65 % of the palynomorphs in the investi-

gated sections, The stratigraphic evaluation of their spe-
cies was made by taking into account the age assessment
of the already defined dinocyst zones. So, it could be
concluded that the Lower Santonian is characterized by
the presence of Oculopollis zaklinskaiae together with O.
orbicularis, O. parvoculus and Krutzschipollis crassus.
The successive assemblage is characterized by the concur-
rent presence of Krutzschipollis crassus and Krutzschi-
pollis spatiosus. Representatives of Suemegipollis trian-
gularis and Plicapollis silicatus first occur in the Lower
Campanian strata.
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The abandoned quarry near Horni LiStnd village, the
sections near villages Komorni Lhotka, Malenovice, So-
béSovice and the Pindula section near town of Frenstat
pod Radhostém were selected for study of acid resistent
organic-walled dinoflagellate cysts. The studied sections
are situated in the Moravskoslezské Beskydy Mountains
which belong to the Godula development (basinal setting)
of the Silesian unit of the Outer Western Carpathians.

Vasitek (1981) described ammonites of Early Barremian
- Late Aptian age from the T&Sin-Hradist€ Formation in
the Pindula section, Lower Barremian ammonites came
from the SobéSovice section, Upper Barremian ammonites
were collected in the Satina section. The Early Cretaceous
division of the Lhoty Formation in the Komorni Lhotka
locality has been based on foraminiferal associations
(Hanzlikova, 1966). Lower Cretaceous succession of the
Silesian unit in the Godula development comprises the
TéSin Limestone, Té8in - Hradisté Formation, Vefovice
Member and Lhoty Formation. The TéSin Limestone con-
sists of thick to massive limestone beds, which contain
intercalations of dark marls. The T&in - Hradi¥té Forma-
tion recorded fine rhythmic flysch sedimentation of calca-
reous siltstones and dark brown-grey calcareous claysto-
nes. Upwards, it is followed by pelitic sediments of the
Verovice Member (soft black silicified claystones) deposi-
ted in extremely reducing environments. Sediments of the
Lhoty Formation are also of the pelagic character and are
marked by dark grey and greenish grey calcareous and non-
calcareous claystones with chondrites.

The majority of samples from the Té&3in Limestone and
from upper part of the T&in-Hradi§® Formation yields
poorly preserved and low diversity dinocyst assemblages.
Samples from the Vefovice Member are extremely poor
in dinocysts and their preservation is poor as well. The
best preserved and most diverse microfloral assemblages
were obtained from the Lhoty Formation,

The age-assessment of the samples is based mainly on
biostratigraphic correlation of dinocyst assemblages
from on- and offshore Morocco (Below, 1981, 1982,
1984), England (Duxbury, 1980, 1983), France (Davey
and Verdier, 1971, 1973, 1974; De Reneville and
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Raunaud, 1981; Monteil, 1993) and SE Spain (Leere-
veld, 1995).

In some cases, the stratigraphic calibration of lithologi-
cal units was based on a combination of palynological da-
ta presented herein with previously published palaeonto-
logical data. The dinocyst abundance has facilitated the
characterization of studied stratigraphic substages of the
lithological units studied here like this:

T#5in Limestone: Upper Berriasian - Lower Valangi-
nian (Horni Li8tnd quarry): presence of Achomosphaera
neptunii, Ctenodinium elegantum, Foucheria modesta,
Muderongia longicornis, M. simplex microperforata, Oli-
gosphaeridium complex, Spiniferites ramosus and Tubo-
turella apatela.

Té8in-Hradi$t® Formation: Lower Barremian (Pindula and
Sob&%ovice sections): presence of Cerbia tabulata, Mude-
rongia neocomica, Protoellipsodinium clavulum, P. spino-
sum, Subtilisphaera perlucida, S. pirnaensis and S. terulla.

Upper Barremian (Pindula and Satina sections): the first
occurrence of Muderongia pariata, Odontochitina opercu-
lata, Palaeoperidinium cretaceum, Prolixosphaeridium
parvispinum; the last occurrence of Avellodinium falsifi-
cum, Nexosispinum vetusculum; presence of Fromea
quadrugata, Heslertonia heslertonensis, Pseudoceratium
pelliferum, Spiniferites dentatus, S. speetonensis.

Lower Aptian (Pindula and Satina sections): the first
occurrence of Apteodinium granulatum, Callaiosphaeri-
dium asymmetricum, Coronifera tubulosa; presence of
Subtilisphaera perlucida.

Upper Aptian (Komorni Lhotka, Pindula and Satina
sections): the first occurrence of Florentinia manteli,
Ovoidinium scabrosum, Stephodinium coronatum, pre-
sence of Hystrichosphaerina schindewolfii, Occisucysta
tentorium, Oligosphaeridium djemn, Surculosphaeridium
trunculum; the last occurrence of Apreodinium granula-
tum, Cerbia tabulata, Coronifera tubulosa, Muderongia
pariata, Oligosphaeridium verrucosum.

Lhoty Formation: Lower Albian (Komorni Lhotka and
Pindula sections): the first occurrence of Tubulospina
oblongara; the last occurrence of Tanyesphaeridium
boletum and Protoellipsodinium clavulum.
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Middle Albian (Komorni Lhotka section): the first
occurence of Litosphaeridium conispinum, Xiphophori-
dium alatum; presence of Carpodinium granulatum and
Wallodinium luna.

Upper Albian (Komorni Lhotka, Pindula and Satina
sections): presence of Atopodinium mirabile, Endocera-
tium dettmanniae, Exochosphaeridium muelleri, Leberi-
docysta chlamydata, Litosphaeridium siphoniphorum,
Palaeohystrichophora infusorioides, Pervosphaeridium
pseudhystrichodinium, P. truncatum, Tanyosphaeridium
prolixispinosum and Xiphophoridium alatum.

It is only the age of the Vefovice Member that can not
be determined on the basis of dinocysts, because they are
poorly preserved. This bad preservation is connected with
extremely reducing sedimentary conditions.
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Welcome in the field trips of the IGCP Project 362 Final Meeting

Stara Lesnd, High Tatra Mts, Slovakia 1997, September 29th, October 5th

During our Conference three field trips will be organized. The routes of these trips were
selected with emphasis not only to nice landscapes (this aspect was easy to provide in a
beautifull northern Slovakian and southern Polish mountaineous sceneries), but also to
give rough overview on the problems of Cretaceous study in this northernmost segment
of the Europian Tethysides thrusted onto former boundary with the Boreal Realm. We rely
on experience of many members of our TBC Project, who attained succesfull fieldtrips of
the Smolenice Annual Meeting (in 1994), which illustrated these problems in western
Slovakia and eastern Moravia.

The first, Tatra Mts fieldtrip is planned through the High Tatra Mountains Ridge starting
from Tatranské Matliare with the altitute 885 m above sea level, Zdiarska Vidla (2142 m a.
s. 1), Zadné Medodoly Valley, Javorova and Biela Voda Valleys to the Lysa Polana (970 m
a. s. 1.). The route follows a turistic path, but it could be tirable, especially in bad weather
(although we hope to enjoy Indian summer). Therefore, be prepared for any circumstances
(in really bad weather, there will be necessary to rely on a “reserve variant” along the val-
leys ...). Anyway, good boots, raincoat, woolen sweater, physical condition and good mo-
Ve dre necessary.

This fieldtrip will demonstrate several selected problems of the Cretaceous stratigraphy,
paleogeography and sedimentology in the High Tatra Mts belonging to the margin of Al-
pine - central Carpathian microcontinent. If the weather will be kind enough to us, we will
see an almost complete Mesozoic section of the marginal Fatric Havran Nappe on the slo-
pes (up to the top) of the Mt Zdiarska Vidla. Further on, we will inspect the contact of the
Lower Cretaceous biogene Wysoka Turnia Formation with the Albian pelagic dark Zabijak
Marlstone in tectonically underlying Tatric unit in the Javorovd Valley. Finally, we will
study all this Lower Cretaceous sequence in the neghbouring Biela Voda Valley.

Another two field trip days will be easier, with much longer bus ride. The Orava and Ky-
suce field trip will follow the Palepalpine Accretionary Belt disposed between Central
Carpathians and their foreland, covered by flysch nappes of the Outer Carpathians. We
will visit the Polomec Hill in the KriZzna Nappe (one of the superficial nappes of the Cent-
ral Carpathians). The local stratotype of the Hauterivian-Barremian boundary is exposed
here in a quarry of the Lietavskd Licka cement works. Locality Brodno in the Kysuca Unit
of the Pieniny Klippen Zone is the national stratotype of the Tithonian-Berriasian boun-
dary. The Rochovica profile (the typical section of the Kysuca Unit) in the oposite side of
the Kysuca Gate exposes almost complete Berriasian - Albian sequence. PovaZsky Chlmec
illustrate Upper Cretaceous sedimentation during involving of this area (margin of the
North European shelf) into West Carpathian Paleoalpine accretionary prism. Finally, the
Bralo quarry near the Parnica will illustrate Lower Cretaceous sedimentation in the margi-
nal Tatric Siprifi Basin of the Central Carpathians,

The last, Pieniny Klippen Belt field trip will be concentrated on classical localities in the
Polish Pieniny Mts area. This trip will be organized by our Polish friends. It will compri-
se the famous Tithonian-Berriasian RogoZnik section with plentiful fossil fauna, Mt Ma-
celowa illustrating Upper Cretaceous bio- and lithostratigraphy, Flaki Ridge with com-
plex structure composed of Cretaceous rocks, and the Orlica Hill near Szczawnica Nizna
exposing middle and Upper Cretaceous sequence.

We are looking forward to meet you in Stara Lesna fieldtrips.

Jozef Michalik and Han Leereveld
co-leaders of the [GCP 362 Project
“Tethyan and Boreal Cretaceous”
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Fig, 1. Sketch of the Beld Tatra Mts with indication of localities visited.
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1. THE TATRA MOUNTAINS
FIELD TRIP

STOP 1

Mt. ZDIARSKA VIDLA SECTION
Jozef Michalik

Southern slopes of the Beld Tatra Mts offer the best ex-
posures of Mesozoic sequences belonging to the Fatric
superficial nappes in the High Tatra Mountains, naimely
the Havran and the Buja¢i Nappes. These lectonic units
rest on the Tatric megaunit comprising huge bodies of
granitoid and crystalline rocks of Variscan orogenic cycle.
They are covered by? Upper Permian Kopersady Con-
glomerate and by Lower Triassic Lazna Formation.
Upper part of the Mesozoic sequence is tectonically redu-
ced in the vicinity of the Kopa Sattle and Zadné Medodo-
ly Valley (Fig. 1).

The Havran Nappe consists of Mesozoic sedimentary
rocks deposited on the margin of the Krizna (Zliechov) Ba-
sin. The sequence starts with quartzitic sandstones of the
Lazna Formation followed by argillaceous Sufiava For-
mation containing intercalations of cellular dolomites
(Fig. 2). The Middle Triassic sequence consists of dolomi-
tes and dark limestones of the Gutenstein and Ramsau
Formations. The presence of the stromatolitic layers and
pseudomorphs after gipsum and anhydrite proves for extre-
mely shallow water environment of the deposition. Upper
Triassic complex is represented by characteristic Car-
pathian Keuper deposits formed by varicoloured claystones
with sandstone intercalations and with characteristic member
consisting of fluvial fine conglomerates, sandstones and thin
coal measures. Overlying Fatra Formation forms the top-
most member of the Triassic sequence exposed in the vicini-
ty of the Siroké Sattle on the foot of the Mt Zdiarska Vidla.
It consists of shallow marine limestone/marlstone sequence
with plentifull fossils like algae, foraminifers, corals, pori-
fers, brachiopods, bivalves, gastropods, elc,
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The onset of the Jurassic sequence is marked by increa-
sing content of siliciclastic material. Sandstones form in-
tercalations in the Hettangian Kopieniec Formation but
huge accumulations in the Sinemurian Babo§ Quartzite
Formation. The Lotharingian Janovky Formation con-
sists of rhythmical bedded spotted limestones with marly
interbeds similar to the Alpine Allgiiu Beds. Red Toarcian
Adnet Limestone represent an expressive shallowing
event followed by sedimentation of Middle Jurassic sili-
ceous rocks. Upper Jurassic nodular limestones (Tegern-
see Formation) of Ammonitico Rosso type represent
another shallow period of the basin evolution terminated
by a new deepening (Pszczélkkowski, 1996).

Thin bedded grey micritic limestones with marly inter-
calations represent the Berriasian Osnica Formation. It
is followed by uniform deep basinal Valanginian/ Haute-
rivian bituminous argillaceous limestones of the KoScie-
liska Formation. During Late Hauterivian/Barremian,
this type of deposition was substituted by creation of tur-
biditic near slope fan consisting of redeposited material
(the Murdn Limestone Formation) derived from shal-
low marine carbonate platform on neighbouring Tatric
elevation. These limestones form the top parts of the Be-
la Tatra Mountains Ridge.
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STOP 2

MOKRA DIERA IN THE JAVOROVA
VALLEY

Zdenék Vasicek and Jozef Michalik

The Mokri Diera cave is situated on the left side of the
Javorovi dolina valley. Masive lower Cretaceous limesto-
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Fig. 2. View on southern slopes of the Bela Tatra Mts with indication of their geological structure.
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nes of the Wysoka Turnia Formation (Lefeld et al.,
1985) built the cave walls. Biogene limestone complex is
covered by the Zabijak Marlstone Formation. The top-
most part of the limestone sequence has reddish colour
and bears marks of karstification (Lefeld, 1968).

The Zabijak Marlstone Formation starts with phosp-
hatized - glauconitic limestone bed lying on karstified and
eroded limestone basement and filling also neptunic dykes
in it (Rakus et al., 1995). This limestone yielded strati-
graphically significant Lower Albian ammonites. The zo-
nal species Douvilleiceras mammilatum (Schlotheim) is
followed by Tegoceras gladiator (Bayle), Sonneratia cf,
dutempleana (d’Orb.), Rossalites sp., Tetragonites rec-
tangularis Wiedmann, Puzosia ex. gr. mayoriana
(d’Orb.), Beudanticeras ex. gr. beudanti (Brogniart),
Desmoceras (D.) latidorsatum (Michelin) and Hami-
1es sp.

Recognized ammonite fauna of the Mammilatum Zone
indicate upper Early Albian age of the sequence studied.
No representatives of the lowermost Early Albian fauna
were found. Therefore, we suppose the presence of a stra-
tigraphic gap in our territory at this time.

Uncommonly rich ammonite association comprising
about 60 species was described by Marcinowski and Wi-
edmann (1990) from analogous lithofacies on the Polish
side of the High Tatra Mts. Besides above mentioned Slo-
vak species, the subzonal Late Albian indexes were iden-
tified: Diploceras (D.) cristatum, Hysteroceras orbignyi
(Spath) followed by Hysteroceras varicosum binodosum
(Stieler), Hamites (H.) rectus Brown, H. (H.) virgulatus
(Brogniart), Hemiptychoceras subgualtianum Breinstrof-
fer, Turrilitoides (T.) hugardianus (D’Orb.), T. (T.) in-
termedius (Pictet et Campiche). The Polish collection
proves for a longer time of condensation.

The substantial part of the Zabijak Formation consists
of dark grey to yellowish grey marlstones and (frequently
laminated) marly mudstones with pale fine sandstone in-
tercalations representing distal turbidites.

Differentiated movements of tilted blocks in elevation
zones have just led to formation of condensations, accom-
panied by frequent hardgrounds. Missing of the lower-
most Albian sequence, the presence of neptunic dykes as
well as their karstification (dissolution) indicate that the
Urgonian carbonate platform must have extincted till the
end of the Aptian.. Onset of flysch sedimentation should
be put into connection with the highest middle, but ma-
inly Late Albian time horizon.
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STOP 3

Mt MURAN SECTION ABOVE THE JA-
VOROVA VALLEY (HIGH TATRA MTS.)

Jozef Michalik and Jén Sotdk

The scarcity of Lower Cretaceous shallow marine sedi-
ments in the Western Carpathians is in apparent contra-
diction to the abundance of these rocks in the pebbles of
younger conglomerates, hence the increased importance of
transitional facies (olistolites, slope debris, slumped bodi-
es, near- slope fans, fluxoturbidites etc.) which contain
redeposited shallow marine carbonates in pelagic sedi-
ments. In the Outer Carpathians, latest Jurassic carbonate
platforms, including the famous Stramberk reef, were de-
stroyed during Early Cretaceous basinal development. On
the other hand, late Hauterivian to early Albian carbonate
platforms, mostly connected by elevated crustal blocks,
developed in the Central Carpathians. Subsequently, they
were mostly destroyed by erosion following the tectonic
uplift (Michalik and Sotdk, 1990).

The bathymetric contrasts between basins and eleva-
ted zones increased suddenly during the Barremian.
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Fig. 4. Lithology and fithostratigraphy of the Mt Murdi section with distribution of important microfossils.

Shallow marine “Urgonian”developments occured spora-
dically in the Klippen Belt (Mahel, 1986). The largest
of these bodies forms a hill near Haligovee in the eas-
tern Slovakian sector of the Klippen Belt (Birkenmajer,
1977; Birkenmajer and Lefeld, 1969; Kotariski, 1963).
A typical Urgonian complex has been studied by Pas-
sendorf (1949), Lefeld (1968, 1974) and other Polish
authors on the northern slopes of the High Tatra Moun-
tains. It begins with oolite, and is followed by detrital
limestone with echinoid and crinoid remnants. The
main part of the deposits consists of Barremian - lower
Albian coralgal reefs with Montivaultia, Salpingoporel-
la, dasycladaceans, orbitolinids, Requienia and other
neritic organisms.

Rock walls of the Murin section reaching a thickness
of more than 100 m represent the carbonate near - slope
fan development. Errosive channels and submarine cany-
ons in the lower part of the platform slope could have
caused the formation of huge body of the Muran Lime-
stone (Fig, 3).

The Lower Cretaceous pelagic sequence below the Mu-
rift Formation is terminated by the Koscieliska Forma-
tion (Lefeld et al., 1985). 1t consists of dark bituminous
marlstones and marly limestones with small, patchy
concentrations of iron sulphides, and is devoid of terrige-
nous detritus, Authigenic quartz, siliceous bands and
cherts are abundant. Occasional organodetrital laminae
accompany the fluxoturbidite intercalations in which
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mudstone and wackestone clasts with Tithonian and Ber-
riasian microfossils and rich fragments of neritic orga-
nisms are preserved. The ammonite fauna Himantoceras
cf, trinodosum Thieuloy, Olcostephanus sp., Lamella-
ptychus sp., indicates a late Valanginian age (Michalik et
al., 1989).

The uppermost beds of the formation contain Hauteri-
vian faunal elements Bochianites oosteri Sarasin and
Schoendelmayer, Duvalia dilatara (Blainville), Olcostep-
hanus ex. gr. astierianus (d’Orbigny), Haploceras cf.
desmoceratoides Wiedmann, Spitidiscus sp. juv. and La-
mellaptychus seranonis seranonis Coquand.

The basal member of the Murai Formation is 15 - 20
m thick. It contains frequent marlstone intercalations
with a pelagic microfauna, and wedges out in fine detrital
grainstones with packestone layers. Calpionellids, sponge
spicules and fragments of bivalve and echinoderm hard
parts occur together with coated grains (ooids, microonco-
ids) in carbonate intra- and extraclasts. Sporadic occurren-
ces of the foraminifers Pseudotextulariella salevensis
Charollais, Brénimann and Zaninetti, Vercorserella scar-
selai (De Castro) and Citaella 7 favrei Charollais, Broni-
mann and Zaninetti indicate a Valanginian - early Hauteri-
vian age for the clasts. Moreover, a small form of Cal-
pionella alpina Lorenz, found in a biomicritic limestone
bed, probably indicating erosion of the basement in the
transport channels (Fig. 4).

The middle part of the Muraii Formation is formed by
about 30 m of distinctly bedded fine, detrital limestones
which are characterized by an alteration of grainstones
with packstones. Pseudo-oolitic limestone horizons occur
locally. Cherts forming locally stratiform horizons occur
close to bedding planes or other discontinuities in the se-
quence. They yielded rare, well - preserved specimens of
Acrasiales (Misik and Locquin). Small miliolids and tex-
tulariids (Quinqueloculina minima Tappan, Q. cf. danu-
biana Neagu, Bolivinopsis goletorum Arnaud - Vanneau,
B. labeosa Arnaud - Vanneau, Textularia alexandri (
Lalicker), Gaudryina tuchaensis Antonova, Belorussiella
textularoides (Reuss), and Andersenia rumana (Negagu)
domitate over other foraminifers. This assemblage indica-
tes a late Hauterivian to early Barremian age for this
member.

The thickness of the upper member is in excess of
50 m. Massive pale limestones are formed by monoto-
nous fine detrital grainstones containing only packstone
intercalations. On the other hand, rough bioclastic rudsto-
nes occur frequently. These contain intraclasts of lithified
grainstone and extraclasts of micritic mudstone with cal-
pionellids or sponge spicules, indicating that erosion of
the substrate continued in the source channels. The rud-
stones consist of detritus of bioher organisms, namely
corals, hydrozoans, bryozoans, encrusting algae, coralline
alga, sessile foraminifera and microproblematics. Charac-
teristic but rare remnants of dasycladacean algae are repre-
sented by Clypeina migra Conrad and Peybernés, Salpin-
goporella muehlbergii (Lorenz), S. carpathica Dragastan,
Halycoryne nerea Dragastan, Bucur and Demeter together
with Charentia nana Amaud Vanneau and Ch. cuvillieri

Neumann indicate a Barremian age. The uppermost part
of the southern section at Mount Murafi contains Lwo
layers with rudist fragments, similar to those, described
by Lefeld (1974).

Leaf-like disintegrating dark marlstones with black -
grey limestone intercalations (Murdnska Lika Forma-
tion) overlie the Murdn Limestone Formation. Marlsto-
nes several tens of metres thick are intensively bioturba-
ted. Nannocone wackestones and mudstones contain calca-
reous dinoflagellates (Cadosina semiradiata olzae No-
wak, C. fusca cieszynica Nowak, calpionellids (Calpio-
nellopsella 7 maldonadoei Trejo), ostracodes, echinoderms,
bentic foraminifers (Lenticulina (L.) nodosa (Reuss);
Dentalina nana (Reuss), Gaudriina subcretacea Cush-
man, G. dividens Grabert, Spirillina minima Schacko,
Patelina subcretacea Cushman (Alexander, Ophthalmi-
dium gaultinum (Dam), Ammodiscus gaultinus Berthelin,
and rare planktic foraminifers (Hedbergella infracretacea
(Glaessner), H. ex. gr. tardita (Antonova). Microfossils
indicate a Bedoulian - Gargasian age for the prevailing
bathyal pelagic sediments.

Slumping breccias with small olistolite blocks of neri-
tic (“Urgonian™) limestone occur in the higher part of the
marlstone sequence. Lefeld (1974) reported findings of
early Aptian Palorbitolina lenticularis (Blumenbach), the
dasyclad algae Pianella sp., the hydrosponge Murania
sp., and coral referable to Stylosmilia sp. from blocks 5 -
50 c¢m in diameter. Dark marlstones filling a small tecto-
nic depression on the top ridge of Mount Muréil yielded
an early Aptian ammonite and belemnite fauna (?Eulyto-
ceras phestum juv., Desmoceratidae gen. indet., Pul-
chellidae gen. indet., Duvalia grasiana (Duval - Jouve).

The microfauna recovered from the marly matrix of the
blocky breccia consisting of a rich calpionellid associa-
tion of the Colomiella Zone (C. recta Bonet, C. ex. gr.
mexicana Bonet and Calpionellopsella ? div. sp.) could
mean that the higher part of the Murdnska Lika Forma-
tion is of late Aptian or possibly earliest Albian age.
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STOP 4

SPISMICHALOVA SECTION,
BIELOVODSKA VALLEY

Jozef Michalik

The SpiSmichalova section exposed on the slopes of
Mt Horvitoy Vrch above the Biela Voda Valley was de-
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(1968,1985, modified)

Fig. 5. A scheme of the Tatric Lower Cretaceous lithostratigraphy in
the SpiSmichalova section, Biela Voda Valley (Lefeld 1968, 1985, mo-
dified)

scribed by Lefeld (1968). The Cretaceous sequence be-
longing to the Tatric Unit starts with grey pseudooolitic
limestones of the Raptawicka Turnia Formation (Le-
feld et al., 1985) with sporadic oncoids and ooids. The
amount of ooids and organic admixture increase upwards,
According to Lefeld (1. ¢.) oncoids enclose Upper Titho-
nian to Lower Berriasian calpionellids Calpionella alpina
Lorenz and Tintinnopsella carpathica (Murg. et Filip.).
Dark grey pseudooolitic/oolitic limestones contain infre-
quent badly preserved ammonites (Fig. 5).

Massive organogene limestones of the Wysoka Tur-
nia Formation built the most expressive parts of the
rock outcrops. These “Urgonian” type limestones compri-
se rich debris of shallow marine organisms including al-
gae (Salpingoporella), orbitolinid and miliolid foramini-
fers, and rudistid molluscs. The top surface of the forma-
tion was eroded and karstified.

The Albian Zabijak Formation consists of dark bitu-
minous marlstones. The base of this formation is formed
by glauconitic marlstones containing rich association of
ammonites gastropods, bivalves and echinoids.
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2. ORAVA AND KYSUCE
FIELD TRIP

STOP 5
POLOMEC QUARRY
Zdengk Vasgitek, Jozel Michalik and Daniela Rehdkovd

Abandoned quarries at the Polomec Hill near Lietavska
Licka village (now part of Zilina) occur at the very mar-
gin of the StraZovské Vrchy Mts. The exposed Lower
Cretaceous carbonate sequence belongs to the Zliechov
Unit of the KriZna Nappe (Borza et al.. 1984; Fig. 6).

The Polomec section has been suggested as the national
reference section of the Hauterivian/Barremian boundary. In
accordance with the results of the Copenhagen (1983) and
Mula (1993) workshops (Hoedemaeker et al., 1993), this
boundary was situated between the ammonite Angulicosta-
ta- and Hugii Zones. Recently, the ammonite biostratigrap-
hy of the section was supplemented by the microplankton
study (VaSic¢ek et al., 1995). The magnetostratigraphical
study is in the progress. The sequence studied can be divi-
ded into four lithostratigraphic units, as follows (Fig. 7).

The turbiditic complex similar to the Strazovee For-
mation consists of grey and brownish fine grained sandy
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ig. 6. Geological sketches of the Polomec area, StriZov Mits.
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The upper part of the violet gray limestones consists of
nannocone bimicrites still with the Tintinnopsella asso-
ciation. In the topmost part, the first hedbergellid forami-
nifers have been recorded. The nannofloral association is
substantionally enriched (Ellipsagelosphaera ex. gr. bri-
tanica, E. coronata, E. ovata, Braarudosphaera bigelowi
dominate over Cyclagelosphaera rotaclypeata, C. merge-
reli, Podorhabdus and Discorhabdus ignotus).

The yellowish brown, reddish - grey or greenish grey
biomicrites of the Pseudothurmania Beds with marly
admixture are remarkable for the presence of synsedimen-
tary slumping and brecciated beds (Fig. 8). Tintinnopsella
no longer occurs, but hedbergellid foraminifers (Favusel-
la hoterivica, Hedbergella subcretacea) are fairly com-
mon. Representatives of Pseudothurmania and Criocera-
tites dominate over other ammonite genera in macrofauna.
Aptychi (L. angulocostatus angulicostatus (Pictet et Lo-
riol)), belemnites (Duvalia dilatata (Blainville)), brachio-
pods (Terebratulina, Pygites) are localy abundant. Nanno-
cone biomicrites contain rare silt - sized quartz sand
grains, the “usual” spectrum of accessory and authigenic
minerals, plus frequent brachiopod, bivalve, aptychus and
ostracod fragments: radiolarians, calcareous dinoflagellates
are less frequent. Ellipsagelosphaera is represented spora-
dically in the nannofloral association - Cretarhabdus,
Zygolithus, Braarudospahera dominate over Cyclage-
losphaera. Parhabdolithus and Manivitella. Pseudothur-
mania beds are regarded as basal Barremian.

Both Pseudothurmania and Crioceratites, together with
the last aptychi, disappear suddenly at the base of the se-
quence of well bedded limestones with Barremites difficilis,
Hamulina lorioli Uhlig. Hamulinites sp., Karsteniceras
sp., Holcodiscus sp. and other ammonites. Hamulina lorio-
li, Veveysiceras escheri, and Spitidiscus ex. gr. hugii occur-
ring more sporadically indicating the Hugii Zone (Vasicek
and Michalik, 1988). The composition of microfauna is si-
milar to the assemblage mentioned earlier, However, the
nannoplankton assemblages are characterized by a sudden
increase in the proportion of thick - walled forms (Parhab-
dolithus). Hedbergellid foraminifers (H. sigali, H. subcreta-
cea) dominate in microfossil association of the Sigali Zone.
This part of the sequence is of early Barremian age. The li-
thology of upper Barremian limestones is unchanged. They
contain ammonite indexes Silesites seranonis and S. vulpes.

Aptian strata consist of dark grey marls with sporadic
intercalations of black limestones. They contain rich a
ssemblage of planktonic foraminifers. Above lying Al-
bian shales belong to the Poruba Formation.
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STOP 6

BRODNO - RAILWAY STATION
QUARRY NEAR ZILINA

Daniela Rehdkovd and Jozef Michalik

Classical section in the “Kysuca Gate” (narrow straits
of the Kysuca River between villages Brodno, Rudinka
and Vranie north of the town of Zilina) yielded important
informations on relatively deep marine sedimentation in
contact zone of the Outer - and the Central Western Car-
pathians, which has been substantionally reduced during
later Alpine tectogenesis.

Late Jurassic sedimentation rate has been low, conden-
sed sediments received only limited terrigene clastic sup-
port, similarly as in other West Carpathian areas. Exten-
sive areas were characterized by red nodular calcareous oo-
ze of the “Ammonitico Rosso Facies”. Czorsztyn For-
mation represents Kimmeridgian and Tithonian sedi-
ments of the Kysuca succession.

Biomicrite packstone of the Saccocoma - Globochaete
and Saccocoma - Radiolaria microfacies contain Colo-
misphaera pieniniensis (Borza), C. fibrata (Nagy), Carpi-
stomiosphaera borzai (Nagy), and Stomiosphaera molu-
ccana Wanner indicating Kimmeridgian age.

Reddish nodular cherty and indistinctly nodular bio-
micrite packstone are rich in Saccocoma, radiolarians and
globochaetes. Ostracods, foraminifers, filaments, cri-
noids are common. Parastomiosphaera malmica (Bor-
za), Carpistomiosphaera tithonica Nowak and Colomi-
sphaera pulla (Borza), indicate early Tithonian age of the
limestones.

Grey indistinctly nodular micrites contain microfossils
of the middle Tithonian Chitinoidella Zone sensu Borza
(1984) - the Boneti Subzone being documented only. The
assemblage is represented by Ch. tithonica Borza, Ch. slo-
venica Borza, Ch. boneti Doben and rare dinocysts of Ca-
dosina fusca fusca Wanner.

Late Tithonian Praetintinnopsella and Crassicollaria
Zones were identified in indistinctly nodular and in well
bedded wackestones which contain Praentintinnopsella an-
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drusovi Borza and calpionellid associations of the
Remanei, Brevis and Colomi Subzones: Tintinnopsella re-
manei Borza, T. carpathica (Murg, et Filip.), Crassicolla-
ria intermedia (Durand Delga), Cr. massutiniana (Colom),
Cr. brevis Remane, Cr. parvula Doben, Cr. colomi Do-
ben, Calpionella alpina Lorenz, C. grandalpina Nagy, Ca-
dosina fusca fusca, C. fusca semiradiata Wanner dominate
over foram fragments, ostracods and bivalve shells. Apty-
chi - Lamellaptychus beyrichi (Opel), Lamellaptychus sp.,
ammonites - Ptychophylloceras ptychoicum (Quenstedt),
Perisphinctes sp., “Rhynchonella” spoliata Suess, Pygope
diphya Colom were described by Scheibner (1962).
Berriasian formations were characterized by strong sub-
sidence but mainly by great acceleration of “planktic rain”
of organic matter and calcareous microskeletons, This
change detectable in the majority of Western Carpathian
successions (Padla Voda-, Ladce-, and Osnica Formations)
created the “majolica” pattern of pelagic sedimentation
(Pieniny Limestone Formation) in the Pieniny sedi-
mentary basin. This sedimentation continued here until
early Aptian. Detailed litho- and biostratigraphical inves-
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Fig. 9. Magnetostratigraphic and biostratigraphical documentation of
the Brodno section near Zilina,

tigation of Late Jurassic and Lower Cretaceous sedimenta-
ry complexes of the Brodno section was made by Micha-
lik et al. (1990), Rehdkova and Michalik (1992), Vasitek
et al. (1992).

Magnetostratigraphic investigations along the Juras-
sic/Cretaceous boundary correlated with micropaleontolo-
gical were provided and published by Housa et al.,
(1996). According o their results, the base of the standard
Crassicollaria Zone lies approximately in the middle of
magnetozone M - 20n, the base of the standart Calpionel-
la Zone, i. e. the Jurassic/Cretaceous boundary, lies in
the younger part of the older half of the magnetozone
M - 19n (Fig. 9).

Lower Berriasian part of this succession is represented
by well bedded pale biomicritic wackestones with Calpio-
nella - Globochaete and Radiolaria - Calpionella microfa-
cies. Calpionella alpina and Globochaete alpina are domi-
nating, foram fragments, radiolarians, ostracods, aptychi,
ophiuroids, bivalves, juvenile ammonites, Crassicollaria
parvula, Tintinnopsella carpathica, Cadosina fusca, Ca-
dosina semiradiata are common. Microbreccia layers
contain limestone clasts with Tithonian microfossils.
Remaniella ferasini (Calalano), R. cadischiana (Colom)
characterize the middle Berriasian part of the formation.
Calpionella elliptica and Cadosina minuta occur in over-
lied thick bedded cherty limestones.
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STOP 7
ROCHOVICA SECTION NEAR ZILINA

Jozef Michalik, Daniela Rehakova, Zdengk Vagitek, D, Boo-
rovd, M. Peterédkova and Otilia Lintnerova

The outcrops in steep sides of the Rochovica and Brod-
nianska Hora hills squeezing the Kysuca Gate (a break of
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the Kysuca River into the Vih River Valley by Zilina)
yield the classical sections of the Kysuca Unit of the
Klippen Belt (Fig. 1). They have been studied by (Andru-
sov, 1945; Andrusov and Scheibner, 1966; Salaj and Sa-
muel. 1966; Scheibner, 1968; Borza, 1969; Andrusov and
Samuel, 1973; Ha%ko, 1973; Samuel et al., 1988; Mi-
chalik et al., 1990; Vasicek et al., 1992, etc.).

Upper Jurassic and Lower Cretaceous pelagic sequence
in the Rochovica section consists of regularly bedded pale
grey cherty “majolica” limestones in contact with the un-
derlying Ammonitico Rosso limestones, This section of-
fers unique possibilities for detailed bio-, sequence-, and
isotope stratigraphic investigation. The biostratigraphic
framework was based mainly on calpionellid distribution
supplemented by calcareous nannofossil, calcareous dino-
flagellate-, planktonic foraminifer-, radiolarian-, as well
as ammonite- and aptychi zonations (Fig. 10).

Basal member of the Czorsztyn Formation consists of
reddish brown nodular limestones with rare cherts. They
contain microfossils of the Borzai Subzone - Colomi-
sphaera nagyi (Borza), C. fibrata (Nagy), Stomiosphaera
moluccana Wanner, Carpistomiosphaera borzai (Nagy)
indicating Kimmeridgian age.

Nodular biomicritic limestones in the lowermost part of
the Rochovica section contain abundant Saccocoma

rt“l &P/LF_LIYS‘}H?_

o

Localitution of the saudied Rochovica seciion

Mt. Rochovica

Kysuta  River

Fig. 10. Localization of the Rochovica section in the Kysuca Gate near
Zilina. Abbreviations: CzF; Czorsztyn Formation, PF: Pieniny Formation,
BF: Brodno Formation, RF: Rudina Formation.

Agassiz ramulae and secundibrachialia, zoospores of Glo-
bochaete alpina Lombard, as well as less frequent Colo-
misphaera tenuis (Nagy), Schizosphaerella minutissima
(Vogler), Carpistomiosphaera tithonica Nowak typical for
the early Tithonian Tithonica Zone (sensu Borza, 1984).

Middle Tithonian sequence is strongly reduced. Grey
pseudonodular limestones contain microfossils of the up-
per Boneti Subzone: Chitinoidella boneti Doben Ch. slo-
ventica Borza, Ch. tithonica Borza, The basal late Titho-
nian Praetintinnopsella Zone has never been found in the
Rochovica section, though it was identified in the nearby
Brodno section.

Crassicollaria intermedia (Durand Delga), Cr. massuti-
niana (Colom), Cr. brevis Remane, Cr. colomi Doben,
Calpionella alpina Lorenz, C. grandalpina Nagy, Tintin-
nopsella carpathica (Murg. et Filip.), less frequent sacco-
comas, globochaetes and calcareous dinoflagellates are
present in overlying pale rosa - gray biomicrites intercala-
ting by several breccia layers. Microfossils identified be-
long to Remanei, Brevis and Parvula-Colomi Subzones
of the Crassicollaria Zone.

Thin bedded white - gray subpelitomorph limestones
of the “majolica™ facies with dark cherts (Pieniny Li-
mestone Formation) form substantial part of the Lower
Cretaceous sequence. Magnetostratigraphic investiga-
tions along the Jurassic/Cretaceous boundary correlated
with micropaleontological data from the oposite Brodno
section was published by Housa et al. (1996). The early
Berriasian age of bedded gray cherty biomicrites was pro-
ved by spaerical Calpionella alpina dominating the mic-
rofaunal assemblage (Alpina Subzone). It is followed by
associations of Ferasini and Elliptica Subzones of stan-
dart Calpionella Zone. Overlying Late Berriasian bio-
micrite wackestones to packstones of Calpionellopsis
Zone contain Calpionellopsis simplex (Colom), C. ob-
longa (Cadisch), Lorenziella hungarica Knauer. Distinct
breccia layers appear in the uppermost part of Late Ber-
riasian sequence. Weathering, erosion and runoff recorded
during the expressive Be-7 sea level drop event was
accompanied by distinct increase of calcareous dinofla-
gellate abundance.

Microfaunistic association of Calpionellites Zone was
found in Lower Valanginian rhytmic sequence interrupted
by organodetrital and fossiliferous limestone intercala-
tions. Calpionellids are scarce, poorly preserved beeing
accompained by abundant nannoconids, frequent radiola-
rians and sponge spicules which determine the prevailing
type of microfacies. Small primitive lamellaptychi and
rostrum of early Valanginian belemnite Pseudobelus bi-
partitus (Blainv.) have been found in marly intercalations,

Biomicrite to biomicrosparite wackestones with frequent
biodetritus yielded late Valanginian ammonite association
of Saynoceras verrucosum Zone. At the same time, ab-
rupt decrease in calpionellid and nannoconid abundance and
diversity was recorded. Increasing temperature accompa-
ning an extensive climatic change could caused the failure
of calpionellids (with the exception of Tintinnopsella) to
produce calcitic loricas. Positive C - isotope excursion
was regarded as a time of accelerated carbon cycling coup-
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led with increased burial rates of organic carbon and detri-
tal material in oceanic sediments (Michalik et al., 1995).

Overlying thin bedded limestones with bisquite - sha-
ped chert nodules contain irregular echinoids, Pygites sp.,
belemnite rostra of Pseudobelus brevis (Parona) and lo-
wer Hauterivian aptychi Lamellaptychus seranonis (Co-
quand). Upper Hauterivian part of sequence contains La-
mellaptychus angulocostatus (Peters), rich nannoplankton
association dominating by nannoconids and diverse radio-
larian association (Haldsova and Peterikova in Vasiek
et al., 1992). Planktonic foraminifers belonging to the
Hedbergella sigali Zone were determined by Boorova
(?Freiberg).

Dark gray marly spotted limestones of the Brodno For-
mation are inserted by calciturbiditic layers. Biomicrite
wackestone to packstones are rich in radiolarians, sponge
spicules accompanying by Barremian planktonic forami-
nifera association. The uppermost part of this sequence is
Aptian in age - it contains microfossils of the Globigeri-
nelloides blowi Zone.

Pelagic and calciturbiditic Barremian/Aptian Brodno Li-
mestone sequence is interrupted by the Kofthora Member.
An abrupt environmental change is indicated by the sub-
stitution of pelagic carbonate sedimentation with almost
eight meters thick dark calcareous clays to marlstones
with sporadic mica leaflets, coalified plant fragments, py-
ritized macrofossils and poveryfied nannoplankton asso-
ciation of Chiastozygus literarius Zone mainly with ab-
rupt diminishing in nannoconid abundance (“nannoconid
crisis” of Erba, 1994). Two limestone intercalations
within Koihora Beds (referrable to the Ap-1 and Ap-3
lowstands respectively), contain diverse radiolarian asso-
ciations. C isotope excursion (+ 3.3 to 4.9 §) observed
indicates anoxic marine conditions of the shaly Korhora
Beds deposition. Decreased values of d'*0 connect with
temperature increase and/or with high terrigeneous input.
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STOP 8
POVAZSKY CHLMEC - VRANIE
Jozef Michalik and Daniela Rehdkovi

On the right side of the Kysuca River bed, the road es-
carpment near Povazsky Chlmec - Vranie exposes the
flysch sequence of the Pieniny Unit of the Klippen Belt
(Kysela, 1980). The sequence is divided into two parts.

The lower 100 - 400 thick part, called as the SneZnica
Formation, consists of sandstones (its thickness is 5 -
60 cm), siltstones and pelites (with the beds up | to 40
cm thick), in which Ta intervals of the Bouma’s cycle are
frequent, as well as of the coarser non-structured layers.
Tb and Te intervals are frequently visible in the marl se-
quence of the section. Marschalko (1986) supposed that
the turbidites of the SneZnica Formation belonged to the
C and D facies of the middle and outer part of the fan,
The Turonian age is proved by foraminifers. On the Po-
lish sector of the Pieniny Klippen Belt, the corresponding
sequence is represented by the Jaworki Marl Formation,
deposited in more distal part of the basin. SneZnica silt-
stone complex form a member covered by red marls (Ma-
celowa Marl Member, Birkenmajer, 1977).

The upper part, the Sromowce Formation contains the
Coniacian to Santonian polymict conglomerate layers
and intercalations in which the inverse gradation can be
seen frequently. Their thickness is 2 - 12 m. Conglomera-
tes belong to simmictites, slumpings and olistostromes,
proving unstable slope conditions, According to Mar-
schalko (1. ¢.), the conglomerate flysch sequence belongs
to the upper part of the fan. On the base of the lithosome
lenght, the material of the fan was transported through the
canyon of a considerable size. Conglomerates contain
occasionaly calcarenite pebbles and blocks of the Orlové
Sandstone Formation with Rhynchostreon suborbicula-
fum as well as the small lithoclasts of the Albian marls.
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It proves that not only a hypothetical Andrusov Ridge,
but the elevated accretionary wedge (Klape Unit) was ero-
ded at the beginning of the Late Cretaceous, as a whole.

Carbonate pebbles dominate, presenting about 45 -
50 % of the conglomerate material. MiSik and Sykora
(1981) distinguished: pebbles of Triassic dolomites,
Middle and Upper Triassic Wetterstein Limestone, Ca-
rnian algal limestones, Liassic sponge limestones, Upper
Jurassic shallow marine limestones with Protopeneroplis
striata, Conicospirillina basiliensis, Cladocoropsis mira-
bilis, Clypeina jurassica etc., shallow marine limestones
with Orbitolina sp. and another ones.

Acid and intermedial volcanites are abundant, too (33 -
35 %). Paleorhyolites and porphyric paleoandesites (with
large crystals of plagioclases) are typical for the PovaZzsky
Chlmec area.
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Clastic rocks (sandstones, quartzites, conglomerates) re-
present about 15 %, while the intrusive rocks (mostly sub-
volcanic facies of the rocks mentioned above) attain 5 % of
the sediment volume. Metamorphic rocks, quartzite meta-
conglomerates, quartzites and vein quartz are rare (3 %).
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STOP 9

BRALO QUARRY IN THE ZAZRIVA
VALLEY

Jozef Michalik and Daniela Rehdkova

The section is exposed in the western foothill of Mt
Bralo in the Zazrivd Valley, 3 km NW from Parnica in
the Mald Fatra Mts. It has been selected as the lithostra-
totype locality of the Lu¢ivna Formation (Poldk and Buj-
novsky, 1979). Michalik et al. (1990) provided its detai-
led biostratigraphical investigations (Fig. 11).

The limestone sequence, which has been evaluated in
the now abandoned quarry, is underlain by Middle Jurassic
shales and siliceous limestones.

Argillaceous limestones with dispersed organodetrite
and belemnite rostra form the base of the exposed lime-
stone sequence. They contain juvenile bivalve, crinoid
columnalia, globuligerinid foraminifers and scarce sacco-
comas. Their age has been estimated as late Oxfordian,
being terminated by condensed horizon with Fe and Mn
oxide crusts, Fe and Mn pisolites and rare quartz grains
(sole quartz pebble with diameter of 4 mm has been
found here).

The base of the overlying biomicritic limestone bed
contains concentration of belemnite rostra. The “bianco-
ne” limestone complex consists of packestones with Sac-
cocoma - Globochaete Microfacies in which the early Ti-
thonian Malmica - and late Tithonian Crassicollaria Zo-
ne have been identified. Horizon with redeposited aptychi
occurs in the higher part of the sequence, containing mic-
rofossils of the Berriasian Calpionella Zone.

The association of microfossils belonging to the late
Berriasian and Valanginian Calpionellopsis- and Calpo-
nellites Zones occurs in bedded marly limestones with in-
distinetly nodular planes and infrequent cherts.

Ludivnd Formation is composed of well bedded
cherty limestones containing indeterminable belemnites
and echinoid remnants. Scarce aptychi Lamellaptychus
ex. gr. angulicostatus indicate late Hauterivian and the
earliest Barremian age. This assumption can be proved
by radiolarian microfauna belonging to assemblage of
the Cecrops septemporatus Zone (Schaaf, 1984) domi-
nated by Cecrops septemporatus Parona and Acantho-
circus dicranacanthos (Squinabol) over Archaeodictyo-
mitra puga Schaaf, Pantanellium lanceola (Parona),
Triactoma echivides Foreman, Crucella sp. Thanarla
sp., elc.

The third unit paralelized with the Barremian La¢kov-
ska Formation is represented by platy limestones with
marly intercalations and frequent belemnite rostra. Nanno-
conid wackestones contain crinoids, sponge spicules, ra-
diolarians, dinoflagellates and planktic foraminifers: Hed-
bergella infracretacea Glaessner, Planomalina (Globige-
rinelloides) ex. gr. typica (Gandolfi). The age is proved
by Late Barremian ammonite index Silesites seranonis
(d’Orbigny) and by belemnite Mesohibolites ekimboniche-
vi Stoyanova - Vergilova,

The higher up lying limestone formation is build up
of spotted micrites and microsparites with sparite inter-
calations of fluxoturbidite origin. They contain Aptian
microfauna (Hedbergella infracretacea, Gaudryina tu-
chaensis Antonova). Fluxoturbidite grainstones and
packstones consist of bioherm organism detritus, name-
ly bivalves, bryozoans, crinoids, rudists and encrusting
alga Ethelia alba (Pfender). This beds could be paraleli-
zed with the Osobitd Formation (Lefeld et al., 1985).
Is represents a distal slope - foot facies of the Central
West Carpathian “Urgonian™ carbonate platform com-
plex.

The topmost limestone formation (Bebrava Lst Fm)
consists of black biomicrital limestones containing Ear-
ly Albian microfossils Colomiella mexicana and Colo-
miella recta. The age of the shaly beds in its overlier
can be proved by Upper Albian microfossil Calcisphae-
rula aff. innominata occuring in thin limestone interca-
lations.
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3. PIENINY KLIPPEN BELT
FIELD TRIP

Introduction
(by K. Birkenmajer)

Position and Tectonics. The Pieniny Klippen Belt re-
present trace of a major axial suture zone in the Car-
pathian foldbelt, separating the Inner Carpathian from the
Outer Carpathians domains (Fig. 12).

Along most of its length amounting to about 600 km,
the Klippen Belt is bounded on the south and north by
longitudinal strike-slip faults of Miocene age, best recog-
nized in the Polish sector of the Belt.

The Pieniny Klippen Belt was a mega-shear zone of
translation during early Neogene clockwise rotation of the
Inner Carpathians, respective to the Outer Carpathians.
The strike-slip transpressional movement caused megabre-
cciation and megaboudinage so characteristic of the Belt.
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Fig. 12. Position of the Pieniny Klippen Belt (in black) in the Carpathians. Rectangle indicates Polish sector visited.

Neogene (Styrian and Savian) tectonic deformations
were preceded by Late Cretaceous (Laramian and late
Subhercynian) ones, during which thrust-nappes were
formed.

Structure. The Pieniny Klippen Bell is a heterogenous
structure, including several groups of tectonic units deri-
ved from: (1) the original Klippen Basin (Triassic - Late
Cretaceous tectonic units and their Late Cretaceous and
Palacogene cover); (2) the Inner Carpathian domain (Trias-
sic - mid-Cretaceous tectonic units and their Late Cretace-
ous and Palaeogene cover); (3) the Outer Carpathian Ma-
gura Basin (Jurassic - Late Cretaceous and Palacogene).

Miocene andesite dykes and sills intruded Jurassic
through Palacogene rocks along the northern margin of
the Pieniny Klippen Bell.

Klippen successions. The Klippen successions consist
of Jurassic (occasionally also Triassic) through uppermost

Cretaceous marine deposits. They were folded and thrust
for the first time during the Late Cretaceous Subhercynian
(late Subhercynian = Ressenian) and Laramian phases.

There was a continuous pelagic deposition at the Juras-
sic/Cretaceous transition in the deepest part of the Klip-
pen Basin (Branisko, Pieniny and Haligovce successions).
In the northern part of the basin, i. e. at the southern slo-
pe of the Czorsztyn Ridge (Niedzica, Czertezik and
Czorsztyn successions), numerous breaks in deposition
have been recognized related to the Neocimmerian phase
of positive movements (Tabs, 1 and 2).

Reorganization of depositional pattern in the Klippen
Belt during the Cretaceous was caused by subduction of
its Triassic oceanic crust under the active Andrusov Cor-
dillera. That eventually caused closing of the basin and
formation of nappes during the Late Cretaceous through
earliest Palaeogene.

T Y
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VeE |
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T

Fig. I3.‘Excursion stops (1 - 4, circled) in the Pieniny Klippen Belt of Poland. | - Magura Paleogene (Nappe); 2 - Podhale Paleogene (cover of
Subtatzric nappes); 3 - Pieniny Klippen Belt; 4 - northern and southern tectonic contacts of the Pieniny Klippen Belt.
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The deepest pelagic deposits consisting of dark (anoxic
to dysoxic) shales/marls, often with radiolaria shales and
cherts, were laid down during Barremian through Early-
Middle Albian in the Branisko and Pieniny successions.
Breaks in deposition continued in the northern (Czorsztyn
through Niedzica successions) and the southern (Haligov-
ce succession) margins of the basin up to Late Albian
(Tab. 2).

Starting from the latest Albian, a pelagic Globotrunca-
nid marl facies developed that prevailed over the contrac-
ting Klippen Basin through Early Santonian. Turbidite
(flysch) deposition interrupled pelagic marl deposition in
the deeper part of the basin since Cenomanian (occasio-
nally Late Albian). The flysch deposits initially infilled
only separated submarine channels. Later, during Santo-
nian to Early Campanian, they totally replaced the marls
in the deeper part of the basin. It was only in the northern
marginal part of the basin (Czorsztyn Ridge) that marly
pelagic deposition persisted until Early Maastrichtian
(Tab. 2).

Klippen Mantle. The post-nappe cover of the Klippen
Belt, consisting of Maastrichtian and Palacogene conglo-
merates and flysch deposits is referred to as the Klippen
Mantle. Its Cretaceous element in the Polish part of the
Belt is represented by fresh-water and shallow-marine mo-
lasse, and by flysch (Jarmuta Formation).

Observation points: Stops 1 - 4 (Fig. 13). Four obse-
rvation poits were selected for the excursion in the Polish
part of the Pieniny Klippen Belt: (1) RogoZnik (Tithonian -
lowest Cretaceous fossiliferous limestones of the Czorsztyn
Succession); (2) Macelowa Mount and vicinity, at Sromow-
ce (Tithonian - Campanian section, Pieniny Succession);
(3) Flaki ridge, between Sromowce and Kros$nica (Jurassic
and Cretaceous, Branisko Succession); (4) Orlica near Szc-
zawnica (Jurassic - Cretaceous section, Pieniny Succession).
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STOP 1
ROGOZNIK

A. Rogoza klippes
(by A. Wierzbowski)

The Rogoza klippes near Rogoznik Village in the Pieni-
ny Klippen Belt are well known due to the wealth of am-
monites occurring in the ammonite coquinas (“Ammoni-
tenbreccie”, “Rogozniker Breccie”, Rogoznik Coquina
Member - see Birkenmajer, 1977, and earlier papers cited
therein). A good section of these deposits can be seen in
small klippes protected as a nature reserve and included into
list of World Heritage of Geology. The klippes are disjoin-
ted into the north-western (smaller) klippe and the south-
eastern (larger) klippe by a small gorge where the beds are
obscured by debris. The detailed biostratigraphical survey of
this section was given rather recently, and subsequently

ot 32 213 E
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Fig.l 14. Cross-section through the Rogoza Klippes (after Kutek and Wierzbowski, 1986): A - sketch map of the klippes showing the lines of the
section, B - cross-section through the klippes, I - sparry coquinas (Lower - Middle Tithonian), 2 - micritic coquinas, also micritic limestones in ne-
ptunian dykes (uppermost Tithonian - Middle Berriasian), 3 - crinoidal limestones in neptunian dyke (?Valanginian), 4 - rubble.



Excursion Guide Book

L
-
Ln

Beds

Ammonites

23

M 22 T = [

20

19 17

T
Gl | 1

7b.|i

Sutneria asema |Opp)

Simocosmoterds spp

Richterella richteri (Opg.)

Pseudolissoceras spp

Necchetoceros sp.

Semiformiceras spp

Lytoceras spp
Prylloceras spp

Ptychophylloceras spp

Hybonaticeras mundulum [Opp)
Schaireria neaburgensis {Opp.)
Schaireria avellana (Zit.)

Asmdoceras cf regoznicense (Zeusch))

Simocosmoceras simum (Opp.)
Simecosmoceras cf. adversum (Opp.)
Simocosmoceras cattuloi (2it)

Richterello aff, richteri [Opp.}
Forapallasiceras ex gr contiguus (Cab)
Simoceras (Simoceras) spp

Haploceros staszyci (Zeusch }-elimatum Opp)
Haploceras carachtheis (Zeusch,)
Haploceras cf, verruciterum (Men.)

Glachiceras lithagraphicum (Opp.}
Taramelliceras cf, waageni [Zit)
Streblites folgormeus (Oppl

Semiformiceras semiforme (Opp)
Semiformiceras tfaliouxi [Opp)
Semiformiceras birkenmajeri K & W

“Cyrtosiceras” collegialis Dpp.)
Protancyloceras quembeli (Opp.)
Protancyloceros passendorfen Wierzh.
Protancyloceras gracile (Opp.)

Calliphylloceras & Holcophylioceras spp

A

speEmpAEE S —

Emm-

Ammonites

il

Zones

]

hybonotum

i lidarwini

! em i f or me

fallauxi [

Il s

Tab. 3. Stratigraphical distribution of ammonites in sparry coquinas (Lower-Middle Tithonian) representing a lower part of the section at Rogoza
(after Cecca et al., 1994),
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supplemented during the last decade (se Kutek and Wierz-
bowski, 1986; Wierzbowski, 1990; Wierzbowski and Re-
mane, 1992; Cecca, Fézy and Wierzbowski, 1990, 1994).
It should be remembered, that although the ammonites co-
ming from the Rogoza klippes became famous due to older
paleontological papers where several new taxa were establis-
hed (see e. g. Zittel, 1870), the proper sequence of the am-
monite faunas in the section has been unknown until the re-
cent stratigraphical studies (see Fig. 14 and Tabs. 3 and 4).

The oldest deposits in the section are sparry coquinas
consisting of densely packed ammonite shells, as well as
other fossil remains, such as aptychi. crinoid debris, bra-
chiopods and others. The original micritic matrix has
been preserved in places only, whereas it was replaced
mainly in the bulk of rock by secondary sparry calcite,
white to pinkish, and sometimes even red in colour. Such
a litological development, corresponding to the most ty-
pical *Ammonitenbreccie”, show the beds nos 23 - 15
and 12 - 7b occuring in the southeastern klippe (Fig. 14).
These deposits yield the ammonites (Tab. 3) indicative of
the Hybonotum and Darwini Zones, as well as the Semi-
forme and Fallauxi Zones of the Early and Middle Titho-
nian (in threefold subdivision of this stage), or of the Ear-
Iy Tithonian (in its twofold subdivision).

Still younger are beds nos 13 - 14, and the topmost
part of bed 7b in the south-eastern klippe developed as
micritic limestones with few macrofossils, but contai-
ning calpionellids. The calpionellid indicate the Crassico-
laria Zone and the Calpionella Zone, i. e. the lates Titho-
nian, and the earliest Berriasian. The beds nos 13 - 14 re-
present the infilling of the stratiform neptunian dyke
which has formed at the turn of the Tithonian and Berria-
sian (Kutek and Wierzbowski, 1986),

The youngest deposits in the section (beds nos 7a-1)
occur in the north-western klippe. They are developed as
white to cream-coloured micritic ammonite coquinas. The
rock is hard and although it contains many ammonites,
they are difficull to extract from the micritic matrix. The
calpionellids are very common; they indicate the earliest
part of the Berriasian in the bed 7a. The ammonites from
beds nos 5 - 2 are typical of the Early Berriasian - the Eu-
xinus Zone (Tab. 4); a sharp decline of Berriasella
(Delphinella) at the top of bed no. 4 indicates moreover
the transition from. the Jacobi Subzone to the Grandis
Subzone. Appearance of Fauriella and lack of Subplanites
in bed no. 1 are typical already of the Occitanica Zone of
the Middle Berriasian (Wierzbowski and Remane, 1992).

Crinoidal limestones of the neptunian dyke cutting
through the discussed Berriasian deposits in the northwes-
tern klippe belong to the Lysa Limestone Formation
(Birkenmajer, 1977), and are possibly of Valanginian age.
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B. Brachiopod faunas
(by Michal Krobicki)

Detailed. bed by bed sampling of brachiopods was ma-
de in the outcrop discussed (Fig. 15) shows the strati-
graphic distribution of this launa (Barczyk, 1991; Kro-
bicki, 1994). All species from the Jurassic-Cretaceous
transition occur in both the Tithonian and Berriasian de-
posits. A very great difference between Lower-Middle
Tithonian (beds 23-7b) and Upper Tithonian-Berriasian
(beds 7a-1) brachiopod pie charts (Fig. 16) indicates that
palaeoecological factors stimulated differentiation of the
brachiopod assemblages. The main diagnostic features
are: the presence of rhynchonellids of the genus Lacuno-
sella, of dallinid Dicryothyropsis tatrica, and trend of
quantitative changes in the occurrence of pygopids (Py-
gope and Nucleata).

The species Lacunosella heheneggeri (Suess) is abun-
dant in the Lower Cretaceous of the Sramberk-type li-
mestones (reef-like carbonate deposits), known as secon-
dary deposits (olistholites and pebbles) within flysch
strata of the Outer Carpathians (Ksigzkiewicz, 1974; Ne-
kvasilovd, 1977). An abundance of the genus Lacunosel-
la suggests shallower marine environments. On the
contrary, pygopids (genera Pygope and Nucleata) usually
preferred deeper marine environments (Ager, 1965; Dieni
and Middlemiss, 1981); their abundance is indicative of
such environments.

High percentage of both rhynchonellid (Lacunosella)
and dallinid (Dictyvothyropsis) brachiopods in the youn-
ger strata (7a-1) suggests apparently shallower deposi-
tion environment of these rocks in comparison with the
older part of the sequence (23-7b). More detailed studies
proved a gradual transition from pygopid-dominated as-
semblages through those with the first appearance of the
genera Lacunosella and Dictyothyropsis, up to the Lacu-
nosella-dominated ones. In the latter assemblage, the
pygopids are subordinate components. Such change in
brachiopod fauna corresponds to the upward-shallowing
sequence.
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Fig. I5. Stratigraphic distribution of brachiopods in the Rogoza Klippes
at Rogoznik; Crzorsztyn Succession (after Barczyk, 1991; modified
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Birkenmajer (1977); stratigraphy and numbering of beds after Cecca
et al. (1994) and Wierzbowski and Remane (1992). For lithological
symbols - see Fig, 3.
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Fig. 16, Trends of change in brachiopod assemblages during Tithonian
and Berriasian; Rogoza Klippes at Rogoznik; Cyorsytzn Succession
(after Krobicki, 1996).

These differences reflected environmental changes with
time, caused by intensive Neocimmerian tectonic move-
ments within the Pieniny Klippen Belt during the latest
Jurassic to earliest Cretaceous (comp. Krobicki, 1994,
1996).
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STOP 2

MACELOWA MOUNT NEAR
SROMOWCE

(by Krzysztof Bak)

Outcrops located on the left side of the Dunajec River
present tectonically overturned scales of the Cretaceous
rocks of the Pieniny Succession (Fig. 17).

The peaks of the Biala Skala-Zlobiny and Macelowa
Gora are built of green radiolarites (Podmajerz Radiolarite
Member) and white, light-green limestones (Pieniny Li-
mestone Formation; Birkenmajer, 1977; Fig. 18). The
lower boundary of the Pieniny Limestone Formation has
been determined by Oberjamer (1986) as the malmica Zo-
ne (Early Tithonian). The highest part of this formation
is represented by grey siliceous limestones with Sto-
miosphaera wanneri Borza and Hedbergella sp.

Lower part of the slopes are built of folded members
of the Jaworki Formation in tectonically overturned po-
sition (Fig. 17). This profile was proposed by Birken-
majer (1977) as the stratotype of the Macelowa Marl
Member of cherry-red marls and marly limestones with
intercalations of thin-bedded, greenish and bluish calca-
reous mudstones and sandstones. These facies occur in
many profiles in the Carpathians, (“Kysuca beds” in the
Stovak part of the Pieniny Klippen Belt) and in the
Alps and Apennines (“couches rouges™ and “scaglia
rosa”).
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Fig. 17. Geological cross-section of the Pieniny Succession at Marcelowa Goéra Mt. - Sromowce Srednie (Birkenmajer and Jednorowka, 1983).
P - Pieniny Limestone Formation; K - Kapu$nica Formation; B-Mc - Jaworki Formation (Mc - Macelowa Marl Member); Sromowce Formation
(Srl - Osice Siltstone Member, Sr2 - flysch); 1 - sandstones and shales; 2 - siltstones and shales; 3 - marls, marly limestones, subordinately
sandstone intercalation; 4 - shales and marls; 5 - cherty limestone; 6 - position of sole markings; 7 - overthrusts; 8 - faults.

About 30 m to the west of the mentioned member, tec-
tonically overturned strata of the SneZnica Siltstone
Member occur. Lower boundary of the latter member is a

Fig. 18. A, B . Geological cross-section of the Pieniny Succession at
Biala Skala Mt. (Birkenmajer, 1979). | - Podmajerz Radiolarite
Member, 2 - Pieniny Klimestone Formation (A - lower, B - middle,
C - upper), 3 - Kapusnica Formation, 4 - Brynckowa Marl Member,
5 - Skalski Marl Member, 6 - SnezZnica Siltstone Member (s - sideritic
limestone), 7, 7a - Macelowa Marl Member,

gradual transition to variegated marls of the Skalski Marl
Member. Dark-green and black marly shales, 1 m thick
occur at this transition (Fig. 19).

The Macelowa Marl Member is represented by two dif-
ferent lithologies in the stratotype profile. A zone at the
base of the Member (samples: Mac-28 - Mac-1) consists
of marls and marly limestones with very thin-bedded rare
intercalations of mudstones. In a higher part of the Mem-
ber, the frequency and thickness of the turbidite mudsto-
nes and sandstones increase. Moreover, there occurs an
about 10-20-cm thick complex of marls, sandstones and
mudstones with slump structures, fragments of organoge-
nic limestone (with Placunopsis; Krobicki, 1992), and
frequent Subphyllochorda traces (Bak, 1995a). It may re-
present deposits of a dense gravitational flow.

Microfauna in the studied Member is abundant, do-
minated by agglutinated benthos (Tab. 5). The most
frequent are forms belonging to Haplophragmoides cf.
bulloides, H. kirki, Bulbobaculites problematicus, Re-
curvoides spp., Gerochammina conversa, Karrerulina
coniformis and Uvigerinammina jankoi. Plankton
occurs only in single samples. It is represented mainly
by the genus Marginotruncana. Dicarinellids, diagnos-
tic for age, have been found only in a few samples, do-
cumenting the Dicarinella concavata and D. asymme-
trica zones (Figs. 20 and 21). Occurrence in many
samples of the Stensioeina exculpta, known in the Car-
pathians from the Coniacian-early Campanian, con-
firms this stratigraphic position of the Macelowa Marl
Member. Lack of deposits, representing the Margino-
truncana sigali and Dicarinella primitiva zones in this
section is the result of tectonic reduction. Alexandro-
wicz’s data (1966; samples taken from other slices)
confirmed the presence of these biostratigraphical zones
in the discussed section.
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Fig. 20. Lithostratigraphical column of the Skalski Marl, SneZnica
Siltstone and Macelowa Marl members (Jaworki Formation) at the
Macelowa Gora Mt above the Dunajec River (Bak, 1995b),
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Planktonic foraminifera determined from the SneZnica
Siltstone Member (samples: Mac-58 - Mac-53) indicate
its age as the Rotalipora greenhornensis to Helvetoglo-
botruncana helvetica zones (Fig. 20).

A complex of dark-green and black marls (Mac-56;
Figs. 19 and 20) with abundant planktonic foraminifera
represents the Rotalipora reicheli Zone. Similar depo-
sits of the same age have been recognized by the pre-
sent author from the Niedzica Succession (Bak,
1995b).

Palaeoecological analysis of the Macelowa Marl Mem-
ber has been carried out in the stratotype profile, by com-
paring its fragments of profile (Fig. 21), which represent
two different facies (Bak, 1995b): marls-limestones (co-
lumn A) and marls-turbidites (column B) (Fig. 22). Rate
of accumulation of these deposits varied from 6 to
23 mm/1000 years. Populations of benthos were living
in extremely oligotrophic conditions. Stratigraphically
lower part of the Member represents deep-water pelagic
sediments. Its upper part is characterised by high frequen-
cy of turbidites. Many marly beds consist of siliciclastic
material and contain redeposited microfauna. The depth of
deposition corresponded to lower bathyal, near foraminife-
ral lisocline.
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Tab, 5. Foraminiferal microfauna in the Skalski Marl, SneZnica Sili-
stone and Macelowa Marl members (Jaworki Formation) at the Ma-
celowa Gora Mt above the Dunajec river (Bak, 1995b). Sk - Skalski
Marl Member; Sn - SneZnica Siltstone Member.

Fig. 22. Features of foraminiferal assemblages in the column A and P

B (Bak. 1995b). Nagl - number of agglutinated taxa, Ncal - number
of caleareous taxa, Do80 % - number of benthonic taxa composing
80 % of the whole assemblage, Dotax - content (%) of dominated
benthonic taxon, epi-agl - agglutinated epifauna, in-pl-agl - shalow
agglutinated infauna, in - gl- agl deep agglutinated infauna.
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Fig. 23. Exposures in the Branisko Nappe at Flaki, eastern (A) and
western (B) sides of the road (Birkenmajer, 1985). 1 - Podzamcze
Limestone Fm., 2 - Flaki Limestone Fm, (a - grey cirinoid limestones
with cherts in upper part, b - shales and marls with chamosite
concretions, ¢ - green limestone), 3 - Sokolica Radiolarite Fm.,
4 - Podmajerz Radiolarite Mbr (Czajakowa Radiolarite Fm.), 5 - 6 -
Buwald Radiolarite Mbr (Czajakowa Radiolarite Fm.) and Czorsztyn
Limestone Fm. (Upszar Limestone Mbr.) tectonically squeezed out in
the section, but present higher upslope, 7 - Pieniny Limestone Fm.,
8 - Kapusnica Fm., 9 - faults, 10 - overthrusts.
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STOP 3
FLAKI RIDGE

(by Krzysztof Birkenmajer)

On the way back from Sromowce to Kro$nica, we
again cross the Pieniny Mountains (Flaki Ridge). The
main range is formed of almost parallel ridges of com-
petent rocks belonging to the Branisko Nappe (Pieniny
Limestone and Czajakowa Radiolarite formations) for-
ming tightly folded synclines with limbs of strongly
tectonically reduced Middle Jurassic limestones and
shales. Between the ridges, in gullies and at passes,

syncline anli,'\cline

(YT ;

o
=

& -
20m //10 }!\2\\11 /////‘/12

Filg, 24, Geological cross-section of the Pieniny Succession; outler of the Dunajec River Gorge at Szczawnica, along the Pieniny road, after
Birkenmajer (1985). 1 - Podzamcze Limestone Formation, 2 - Flaki Limestone Formation, 3 - Czajakowa Radiolarite Formation (Podmajerz
Radiolarite Member), 4 - Czorsztyn Limestone Formation, 5 - Pieniny Limestone Formation, 6 - 7 - Kapu$nica Formation (6 - Brodno member,
7 - Rudina Member), 8 - 9 - Jaworki Marl Formation (8 - Brynczkowa Marl and Skalski Marl members, 9 - SneZnica Siltstone Member,
10 - Macelowa Marl Member, |1 - overthrusts, 12 - second order tectonic contacts, 13 - third order tectonic contacts,
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Fig. 25. Fig Lithostratigraphic profile of Upper Cretaceous deposits under Orlica Hill (Bak, 1995b).
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Tab. 6. Foraminiferal microfauna in the SnezZnica Siltstone and Mace-
lowa Marl members (Jaworki Formation) at Szczawnica Nizna (under
Orlica hill). After Bak (1995b).

Under Orlica Hill
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Fig. 26, Foraminiferal microfauna in the Macelowa Marl Member and
the SneZnica Siltstone Member under Orlica Hill (Bak, 1995b).
Sn - Sneznica Siltstone Member; Mac - Macelowa Marl Member.

there occur soft Cretaceous marls and flysch rocks of
the underlying Czorsztyn Unit: each such zone repre-
sents an anticlinal tectonic window. The structure is
very complex: the Upper Cretaceous tectonic units
(nappes) are refolded and recumbent retro-arc (i. e. to
the south) as a result of the Miocene (Savian) compres-
sion/transpression.

At Flaki, we see a retro-arc recumbent, partly
strongly tectonically reduced, scales of the Branisko
Nappe: a good exposure of the Callovian-Oxfordian ra-
diolarites (Sokolica Radiolarite and Czajakowa Radio-
larite formations), and their immediate stratigraphic
substratum formed of chamosite-bearing marls and cri-
noid-cherty limestone (Flaki Limestone Formation) -
Fig. 23A, B.
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STOP 4

SZCZAWNICA NIZNA (UNDER
ORLICA HILL)

(by Krzysztof Bak)

Strongly folded strata of the Macelowa Marl and the
SneZnica Siltstone members belonging to the Pieniny
Succession are exposed in the western slope of the Orli-
ca Hill, above a road leading to the tourist hut “Orlica”
(Figs. 24 and 25). The thickness of the Macelowa Marl
Member is here about 30 m. Its cherry-red marls are
strongly cemented. Horizontal and wavy lamination are
frequent sedimentary structures. Many beds are bioturba-
ted, and bioturbation structures are filled by coarser ma-
terial from covering layers of mudstones and sandstones,
Content of CaCO; in the marls ranges from 32 o 52 %.

The age of the Macelowa Marl Member was establis-
hed approximately. Planktonic foraminifera are practi-
cally absent. Only single specimens of Hedbergella
delrioensis and poorly-preserved Marginotruncana sp.

and Dicarinella sp. have been determined. Abundant and
well diversified agglutinated benthos, and the presence
of one specimen of Stensioeina exculpta constrain the
position of these deposits as the Uvigerinammina jan-
koi Zone, corresponding to the uppermost part of the
Praeglobotruncana delrioensis Zone up to the Dicari-
nella asymetrica zones (Bak, 1995) - Fig. 26, Tab. 6.

The Sneznica Siltstone Member which consists of
dark-grey marly shales alternating with thin-bedded (0.5 -
1 cm) mudstones, probably represents the same Uvigeri-
nammina jankoi Zone. In sample Or-1, a single specimen
of Rotalipora cushmani has been found (probably redepo-
sited). Agglutinated benthos is very similar to that occur-
ring within the red facies. This may suggest that in this
profile the Member is younger than the Cenomanian/Tu-
ronian boundary.
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Monday 29th September
12:00 - 14:00 Registration and Lunch

14:00 - 15:00 Opening Ceremony
15:00 - 15:30 Introductory note of the Project leaders

15:30 - 16:00 Break

Afternoon session: PALEOCEANOGRAPHY

16:00 - 17:00 Hay William W, & Wold Christopher N.: The effect of changes of the mean salinity on ocean circulation
17:00 - 18:00 Weissert Helmut, Funk Hans P., Wortmann U., Kuhn, O., Menegatti, A. & Hennig, S.: A transect
through the Aptian western Tethys Ocean: Paleoceanography and Paleoclimate

18:00 - 18:15 Break
Evening session: PALEOCEANOGRAPHY 2

18:15 - 18:45 Kouwenberg, L. L. R., Leereveld, Han & Galeotti, S.: Climatic and Oceanographic changes reflected
in the palynological record of orbitally induced Late Albian black shale rhythms from central Italy

20:00 > Ice-breaker Party

Tuesday, September 30th: TATRA MTS FIELD TRIP

6:30 - 7:30: Breakfast

7:45: Departure to the field trip: Belianska Kopa Sattle - Mt Zdiarska Vidla - Zadné Medodoly Valley - Javorova
Valley (Mokra Diera Cave) - Biela Voda Valley (SpiSmichalova Valley) (packet lunch in the field)

17:00 - 19:00 Arrival

19:00 - 20:00 Dinner

20:00 > Discussion

Wednesday, October 1st: ORAVA AND KYSUCE FIELD TRIP

6:30 - 7:30: Breakfast

7:45: Departure to the field trip: Zilina - Brodno - Rochovica - Povazsky Chlmec - Bralo
(packet lunch in the field)

17:00 - 19:00 Arrival

19:00 - 20:00 Dinner

20:00 > Discussion

Thursday, October 2nd: FIRST DAY OF PLENARY SESSION

7:00 - 8:00: Breakfast

Morning session: TETHYAN/BOREAL PALAEOGEOGRAPHY

8:30 - 9:00: Baraboshkin, Evgeniy, J.:The Tethyan/Boreal problem as result of paleobiogeographical changes: Early
Cretaceous examples from the Russian Platform

9:00 - 9:30: Gasinski, Adam M.: Late Cretaceous Boreal foraminiferal migrants to the Carpathians: an example from
the Andrychéw Klippen Zone

385
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9:30 - 10:00: Vasicek, Zdenék & Michalik, Jozef: Possible Boreal faunal immigration of the Lower Cretaceous ammo-
nites into Outer Western Carpathians related to the global sea - level changes

10:00 - 10:30: Coffee Break

Noon session: PALAEOGEOGRAPHY 2

10:30 - 11:00: Zakharov, Victor & Bogomolov, Yurii: The Boreal equivalents of the Berriasian and Valangian stages
11:00 - 11:30; Melinte, Mihaela Carmen; Cretaceous correlations between Tethyan and Boreal Realms from Romania,
based on nannoflora

11:30 - 12:00; Ferré, Bruno, Cros Pierre & Fourcade Eric: Tethyan Mid - Cretaceous (Cenomanian - Turonian) Ro-
veacrinids (Roveacrinida, Crinoidea) as stratigraphical and paleobiogeographical tools

12:30 - 14:00: Lunch Break
Afternoon Session: PALAEOGEOGRAPHY 3

14:30 - 15:00: Sartorio Dario, Tunis Giorgio & Venturini Sandro: Cretaceous evolution of the northeastern margin of
the Friuli Platform (NE Italy)

15:00 - 15:30: Wilpshaar, M., Abbasov, A. B.. Aliev, G, A., Alizade, Ak. A., Eshet, Y. Gadijeva, T. M., Hakh-
verdijev, N. T., Schnabel, G. W., Tagiyev, M. F. & Zeyniyev, O. A.: Early Cretaceous deposits of the Great Cauca-
sus (Azerbaijan): An overview

15:30 - 16:00: Czdszar Géza: Sedimentary environments of the Urgonian formations of Hungary

16:00 - 16:30: Tea Break
Evening session: POSTER PRESENTATION 1

16:30 - 16:40: Bak Krzysztol & Oszezypko Nestor: Lower/Middle Campanian paleoceanographic event - its record in
the Magura Unit (Polish Flysch Carpathians)

16:40 - 16:50: Guzhikov Andrew Yuri & Molostovsky Edward A.: Some features of the Early Cretaceous sedimenta-
tion in the Cis - Caucasia reflected in the rock magnetic properties

16:50 - 17:00: Lintnerova Otilia, Michalik Jozef, Rehdkova Daniela, Peteréakova Maria, Halasova Eva & Hladi-
kova Jana: Sedimentary and isotopic record of the Aptian anoxic “Selli event” in the Pieniny Klippen Belt, Slovakia

17:00 - 17:10: Discussion

17:10 - 17:20: Sawlowicz Zbigniew & Bak Marta: Pyritization of Radiolaria in anoxic water column, anoxic deposits
of the Cenomanian - Turonian boundary in the Pieniny Klippen Belt, Poland

17:20 - 17:30: OZvoldova Ladislava: Lower Turonian radiolarian associations from the silicified sediments of the
Czorsztyn Succession of the Pieniny Klippen Belt (Western Carpathians)

17:30 - 17: 40: Bak Marta: Mid Cretaceous radiolarian zonation in the Polish part of the Pieniny Klippen Belt (Outer
Western Carpathians)

17:40 - 17:50: Discussion

17:50 - 18:00: Bubik Miroslav: Agglutinated Foraminifera and thecamoebians from the ?Albian - Cenomanian estuari-
ne sediments on the North Tethyan margin (Blansko Graben, Czech Republic)

18:00 - 18:10: Ponomaryova Lyudmila & Gnylko Oleg: Foraminifera and sedimentary palecenvironment of the Lower
Cretaceous black shales (Ukrainian Carpathians)

18:10 - 18:20: Hradecka Lenka: Microbiostratigraphy of the Jizera and Teplice Formations (Late Turonian, Boreal de-
velopment) in the Upohlavy Quarry, Bohemian Cretaceous Basin

18:20 - 18:30: Discussion

18:30 - 18:40: Boorova Daniela & Rakuds Miloslav: Lower Albian limestones from frontal parts of the Krizna Nappe
in the StrdZovské Vrchy Mts (Western Carpathians, Slovakia)

18:40 - 18:50: Salaj Jozef: Turonian planktonic foraminifera biozonation - the problems of taxonomy a synonymy of.
index species
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18:50 - 19:00: Bak Krzysztof: Deep - water Upper Cretaceous variegated facies in the Czorsztyn Succession, Pieniny
Klippen Belt, Western Carpathians

19:00 - 19:10: Discussion
19:00 - 20:00: Dinner

Friday, October 3rd: SECOND DAY OF PLENARY SESSION
7:00 - 8:00: Breakfast
Morning session: INTEGRATED STRATIGRAPHY

8:30 - 9:00: Bak Marta & Bak Krzysziof: Correlation of Cretaceous radiolarian, planktonic and agglutinated foraminife-
ra zonations in the Pieniny Klippen Belt, Western Carpathians, Poland

9:00 - 9:30: Bubik Miroslav, Bak Marta & Svibenicka Lilian: Integrated microbiostratigraphy in the Maastrichtian to
Paleocene distal - flysch sediments of the Uzgruii section (Ra¢a Unit, Outer Western Carpathians, Czech Republic)

9:30 - 10:00: Lakova Iskra. Stoykova Kristallina & Ivanova Daria: Tithonian to Valanginian bioevents and integrated
zonations of calpionellids, calcareous nannofossils and calcareous dinocysts from the western Balcanides, Bulgaria

10:00 - 10:30: Coffee Break
Noon Session: CALPIONELLID STRATIGRAPHY

10:30 - 11:00: Pop Grigore: Tithonian to Hauterivian praecalpionellids and calpionellids: bioevents and biozones

11:00 - 11:30: Hou8a Vaclav: Magnetostratigraphic and calpionellid biostratigraphic scales correlation in the
Jurassic/Cretaceous boundary strata

11:30 - 12:00: Rehdkova Daniela & Michalik Jozef: Calpionellid associations versus Late Jurassic and Early Creta-
ceous sea-level fluctuations

12:30 - 14:00: Lunch Break
Afternoon Session: POSTER PRESENTATIONS 2

14:30 - 14:40: Hoedemaeker Philip J., Housa Viclav, Krs Miroslav, Man Otakar, Parés Josep M., Pruner Petr &
Venhodova Daniela: Magnetostratigraphic and petromagnetic studies of the Jurassic/Cretaceous limestones from the
Rio Argos (Caravaca, SE Spain), Carcabuey (S Spain) and the Bosso Valley (Umbria, central Italy)

14:40 - 14:50: Houda Viclav, Krs Miroslayv, Krsovd Marta, Man Otakar, Pruner Petr & Venhodova Daniela: High
- resolution magnetostratigraphy across the Jurassic - Cretaceous boundary strata at Brodno near Zilina, Western Car-
pathians, W Slovakia

14:50 - 15:00: Fomin Vladimir A. & Eremin Vitaly N.: Comparision of the Maastrichtian biostratigraphic scales from
Daghestan and Kopet Dagh according o palacomagnetic data

15:00 - 15:10: Discussion

15:10 - 15:20: Szydlo Andrzej & Jugowiec Malgorzata: Tithonian to Valanginian microfossils from the “Cieszyn
Beds™ in the Outer Western Carpathians (Silesian Unit), Poland

15:20 - 15:30: Svibenicka Lilian: Evidence of the Braarudosphaera-rich Turonian sediments in the Bohemian Creta-
ceous Basin

15:30 - 15:40: Kraia Saimir & Kici Vangjel: New stratigraphic refinements of the Cretaceous deposits of the eastern
Albanian Mirdita and Krasta zones on the basis of calcareous nannofossils

15:40 - 15:50: Discussion

15:50 - 16:20: Tea Break
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Evening session: POSTER PRESENTATIONS 3

16:20 - 16:30: Pavlishina Polina: Palynology of several Santonian - Campanian sections of N Bulgaria

16:30 - 16:40: Skupien Petr: Berriasian to Albian dinocysts from the Silesian Unit of the Outer Western Carpathians
(Czech Republic)

16:40 - 16:50: Gendl Elzbieta: Preliminary results of the palynological research of the Lower Cretaceous deposits of
the Skole Nappe (Outer Western Carpathians, Poland)

16:50 - 17:00: Discussion

17:00 - 17:10; Ion Jana, Antonescu, E., Melinte Mihaela Carmen & Szasz, L.: Upper Cretaceous Integrated biostrati-
graphy of Romania

17:10 - 17:20: Gnylko Oleg: The sedimenetary environment and genetic types of the Lower Cretaceous deposits in the
Ukrainian Carpathians

17:20 - 17:30: Serjani Afan & Pirjeni Agim: Sedimentary paleonvironment of Coniacian phosphatic beds in the Ionian
Basin (Mediterranean Tethys)

17:30 - 17:40: Discussion

17:40 - 17:50: Gaspard Daniéle: Specific designation of asymmetrical Upper Cretaceous rhynchonellids, formerly con-
sidered as “Rhynchonella difformis”

17:50 - 18:00: Krobicki Michal: Stratigraphic ranges and paleoenvironments of the lowermost Cretaceous brachiopods
in the Pieniny Klippen Belt (Carpathians, Poland)

18:00 - 18:10: Minev Velislav: Turonian ammonites from the eastern parts of the Moesian Platform and Fore-Balkan
18:10 - 18:20: Gallemi, J., Kuechler, T., Lamolda, M., Lopez, G., Martinez, R., Munoz, J., Pons, J. M. & Solder,
M: The Coniacian - Santonian boundary in Northern Spain, the Olazagutia section

18:20 - 18:30: Discussion

18:30 - 18:40: Ivanov Marin & Stoykova Kristalina: The Albian ammonites, nannofossils and sequence stratigraphy
in Bulgaria

18:40 - 18:50: Bodrogi Ilona, Yazykova Elena A. & Fogarasi Atila: Revision of Upper Cretaceous ammonite fauna
from the Bakony Mts

18:50 - 19:00: Blau Joachim & Grun Beate: Late Jurassic/Early Cretaceous revised calpionellid zonal and subzonal di-
vision and correlation with ammonite and absolute time scales

19:00 - 19:10: Hoedemaeker Philip J.: Correlating the uncorrelatables

19:10 - 19:20 Discussion
19:20 - 20:00: Dinner

Saturday, October 4th: FINAL PLENARY SESSION

7:00 - 8:00: Breakfast
Morning session: PALAEOBIOLOGY

8:30 - 9:00: Beniamovskii Vladimir N. & Kopaevich Ludmila F.: Late Santonian - Maastrichtian benthic foraminiferal
zonation in the European palaeobiogeographical area (EPA)

9:00 - 9:30: Sotdk Jin & Misik Milan : Late Jurassic and Early Cretaceous algal and foraminiferal benthic communi-
ties and biofacies from the Western Carpathians

9:30 - 10:00: Ferré Bruno & Granier Bruno: Roveacrinus berthoui, nov, sp. the earliest representative of the family
Roveacrinidae (Roveacrinida, Crinoidea) in the Lower Hauterivian of Busot (Alicante, Spain)

10:00 - 10:30: Coffee Break
Noon Session: SEDIMENTOLOGY

10:30 - 11:00: Argyelén, G. B.: Ophiolitic detritus in the Lower Cretaceous sandstone of Gerecse Mountains, Hungary:
petrography, detrital modes, provenance
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11:00 - 11:30: Gabdullin Ruslan R.: The origin of rhythmical bedding in Middle Cenomanian carbonate rocks in the
Bakhchisarai Region (SW Crimea)
11:30 - 12:00: Ferré Bruno: “Lombardia” - facies and saccocomids - like sections in Cretaceous sediments: Whose pie-
ces
12:30 - 14:00: Lunch Break
Afternoon Session: PALAEOMAGNETISM

14:00 - 14:30: Guzhikov Andrew Yuri & Baraboshkin Yuri E.: Long - period variations of paleomagnetic declination
in the Barremian beds from the North Caucasus and their importance for detailed correlations

14:30 - 15:00: Krs Miroslav & Pruner Petr: Petromagnetic and palacomagnetic investigations of Jurassic - Cretaceous
limestones aimed at magnetostratigraphy in the Tethyan Realm.

15:00 - 15:30: Tea Break

15:30 - 18;30: Evening session: Discussion on the Project future, preparation of the Final Volume

19:00 - 20:00: Dinner, Farewell Party

Sunday, October 5th: PIENINY KLIPPEN BELT FIELD TRIP

6:30 - 7:30: Breakfast

7:45: Departure to the field trip Rogoznik - Macelowa -Flaki - Sczawnica
13:00 - 13:30 Packet lunch in the field
17:00 Arrival to Stara Lesna

17:30 Arrival to the Poprad railway station



Rady autorom

Kazdy autor sa usiluje, aby jeho ¢linok bol nielen obsahovo, ale aj graficky
na vysokej drovni. Vade ilustricie buda kvalitné, ak presne dodrzite nase in3t-
rukeie.

Uz pri priprave obrazka treba zvazit, ¢i sa umiestni na jeden stlpec alebo na
dva stipee, resp. na celd tladend stranu. Vhodne upraveny obrizok (velkost pis-
men, hribka ¢iar moZno reprodukoval aj v pemere 1:1, alebo odpori¢ame uro-
bit kresby (perovky) vicsie, ako sa predpokladd ich velkost po vytlaceni.
Perovky maji byl zhotovené sytym Giernym tufom, Pri obrazkoch urabenych na
pocitadi treba redakeii poslaf originlne obrizky (nie xeroxové kopie) vytlatené
na pauzovacom papieri - tlac laserovon taciariion v kamerdlnej podobe pri
vsokom rozlisent (min, 300 DPI). Pri zostavovani obrizkov redakeia odporita
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Neodpora¢ame pouzival velnu tenké Ciary (tzv. vlasovej hrubky) ani na obrysy,
ani vo vyplni.

Umerne k predpokladanému zmendeniu treba zvolif hribku Giar, velkost
pisma, Cisiel. hustotu Srafovania a pod. Text moZno napisatl vitSim aj mensim
pisomom (nie verzalkami - velkymi pismenami). a to podla toho, ¢o sa ma zvy-
raznit. Optimalna velkost pisma v ¢asopise po zmenSeni je pri velkych pisme-

nach a Cislach 2 mm a pri malych pismendch 1.6 mm.

Vieobecne

I, Rukopis v dvoch exempldiroch a original obrizkov s jednym odtlackom
musia by vyhotovené podla instrukcii pre autorov Casopisu Mineralia
Slovaca, V opatnom pripade redakcia ¢lanok vrdt autorovi pred jeho zasla-
nim recenzentovi.

2OAK je moZnost, poshite text ¢lanku na diskete 3,57, spracovany
v editore T02 (WinText602, Ami Pro, MS Word, WordPerfect; PC) alebo
MS Word, QuarkXPress (Mac) v norme Kamenickyeh alebo Latin2. 8 dis-
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* Sucasne s ¢lankom treba redakeii zaslaf autorské vyhlasenie. Obsahuje meno
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Text

| Uprava textu véitane zoznamu literatiiry prisposoble sacasnej prave élin-
kuv v asopise,

Text sa md pisal s dvojiton linkovou medzerou (riadkovat 2), na strane ma
byt 30 riadkov, Sirka riadku je asi 60 znakov.

- Abstrakt aj s nadpisom ¢lanku sa piSe na samostatny list. Obsahuje hlavné
vysledky price (neopakoval to, ¢o je uz vyjadrené nadpisom), nemd obsa-
hoval citdcie a jeho rozsah nemd byt vagsi ako 200 slov. (Abstraktu treba
venoval nalezitl pozornost. lebo sliZi na zostavovanie anoticii.)

Text méd obsahovat (ved, charakteristiku (stav) skimaného probliému, resp.
metodiku price, zistené Gdaje, diskusiu a zdver.
Zretelne treba odlisil vychodiskové idaje od interpretacii.

. Neopakoval Gdaje 2 tabuliek a obrdzkov, iba ich komentovai
4 odvolaf sa na prisluni tabulku, resp. obrizok.

- Text treba ¢lenit nadpismi. Hlavné nadpisy pisat do stredu, vedlajsie na Tavy
okraj strany. Volif najviac tri druhy hierarchickych nadpisov, Ich doleZitost
autor vyznaci ceruzkou na Tavom okraji strany: | - hierarchicky najvyssi, 2
- NiZ81, 3 - najniZsi nadpis.

-V texte sa uprednostiuje eitdeia v zdtvorke, napr, (Dubtdk, 1987; Hruby et
al., 1988) pred formou ... podla Dubdika (1987). Ani v jednom pripade sa
neuvadzaji krstné mend.

9. Umiestnenie obrazkov a tabuliek sa oznati ceruzkou na Tavom okraji ruko-
pisu, resp. stlpcového obiahu,

10, Grécke pismend pouZité v texte treba identifikovat na Tavom okraji slovom

(napr, sigma).

{1 Pri pisani starostlivo odliSujte pomlékou od spojovnika.

12, Symboly. matematické znacky, ndzvy skamenelin, slovd a pod., kioré treba

vysadzat kurzivou. autor v rukopise podéiarkne vinovkou.

3. K ¢lanku je treba pripojit kKiGéové slova.

4. Abstrakt, resumé, vysvetlivky k obrizkom a ndzvy tabulick predloZi autor

redakeii aj v anglicline.
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Hustracie

1. Musia by vysokej kvality. Maji dokumentoval a objasfioval text. Origindl
{pred zmengenim) moze maf rozmer najviac 340 x 210 mm. Maximilny
rozmer ilustricie vvtlaceny v Casopise je 170 x 230 mm. Skladacie ilustra-
cie treba dplne vyladit,

V pripade, 7e ide o pocitaovo vytvorené ilustricie, prosime o ich zaslanie
na diskete 3.5” vo formdte CorelDraw (PC), Adobe Illustrator (PC, Mac)
alebo Aldus FreeHand {Mac).

2. lNustrdcie pripravoval s vedomim, Ze sa budd zmenSoval (zvyCajne
0 50 %) na irku stipca (81 mm) alebo strany (170 mm), Podfa toho pripra-
voval ich velkost a formou, resp. ich zoskupenie,

3. Volif takis velkosi pisma a Cisel, aby po zmen$eni najmendie pismend boli
1.2 mm. Umerne zmengeniu volif aj hribku Ciar.

4. Obrazky popisovat Sablénou, nie volnou rukou.

5. Vietky ilustricie viitane fotografii musia obsahoval grafickd (metrickd)
mierku.

6. Zoskupené obrdzky, napr. fotografie. diagramy, musia byl pripravené
(nalepené) ako jeden obrizok a jeho Casti treba oznagif pismenami (a, b. ¢
atd.). Takto zoskupend obrizky sa cituji ako jeden obrazok. Zoskupené
fotografie treba starostlivo upravit a nalepit na biely kriedovy papier.

7. Fotografie musia by ostré, ¢iernobiele. kontrastné a vyhotovené na lesklom
papieri. Je vhodné. aby sa zmenSovali minimélne o 50 %.

8. Na vietkych obrdzkoch sa na okraji (na fotografidch na zadnej strane) ceruz-
kou uvedie ¢islo obrdzku a meno autora. Na fotografidch sa Sipkou doplni
aj orientdcia obrdzku,

9. Na mapich a profiloch volif jednotné vysvetlivky, ktoré sa uvedd pri prvom
obrizku.

10. Ndzvy obrazkov a vysvetlivky sa piSu strojom na osobitny list.

11. Vetky ilustricie sa musia citovat v texte.

12. lustrdcie sa zasielaji redakeii uZ imprimované, teda pri korektdre ich uz
nemozno opravoeval a dopliiaf.

13. Farebné ilustrdcie si vitané, ale ndklady na ich tla¢ hradi autor.

Tabulky

1, Tabulky sa piSu na osobitny list. Rozsah a vndtornd Gpravu tabuliek zvolte
tak, aby sa tabulka umiestnila do stipca alebo na Sirku strany. RozsiahlejSie
tabulky sa neprijimajd.

2, Udaje zoradujte do tabulky iba viedy, ak sa nedajd uviest v texte.

3. Nadpis tabulky a pripadny sprievodny text sa piSe strojom na osobitny list
(dpravu nadpisov pozn v Casopise),

4, Vertikalne ciary v tabulkdch nepouzival,

5. Tabufky sa &isluji pricbezne a uverejiuju sa v ¢iselnom poradi.

Literatira

1.V zozname literatdry sa v abecednom poriadku uvidza iba literatira citova-
nd v danom ¢linku. Citdcia oznadend v tladi” sa moze uviesl v zozname,
len ak je z citovaného Elinku aspon stipcovd korekwira, Citdcie s dopinkom
WV pripade”, .zadané do taCe” su neplnohadnotné a nemaji sa pouZival ani
v texte. Citacia ..osobnd informacia™ sa cituje iba v texte (Zajac. os. infor-
madcia, 1988).

2. Pouzival nasledujtici sposob uvadzania literatary:

Kniha

Gazda, L. & Cech, M., 1988: Paleozoikum medzevského prikrovu. Alfa
Bratislava, 155.

Casopis

Vrba, P.. 1989: StriZzné zdny v komplexoch metapelitov. Mineralia Slov.,
21,135 142,
Zbornik
Nivesny, D., 1987: Vysokodraselné ryolity. In: Romanov, V. (red.);
Stratifornmé foZiskd gemerika. Spec. publ. Slov, geol, spol., Kosice, 203 - 215.
Manuskript
Radvansky, F.. Slivka. B, Viktor, J. & Srnka, T., 1985: Zilné loziskd jedlo-
veckého prikrovu gemerika., Ziverend sprava z alohy SGR-geofyzika.
Manuskript - archiv GP Spisskd Nové Ves, 28.

3. Pri ¢lénku viac ako dvoch autorov sa v texte cituje iba prvy autor s dodat-
kom et al., ale v zozname literatdry sa uvadzaji vietci.

4, Ak sa v clinku (knihe) cituje ndzov, udaje a pod. iného autora, kiory nie je
spoluautorom publikdcie, potom sa v texte cituje vo forme (Gerda in Kubka,
1975), ale v zozname literatdry sa uvadza iba Kubka, 1., 1975,
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