
Knihovnicka ZPN, 14b, vol. 2, pp. 105-187 

PALEOENVIROMENTAL CHANGES ACROSS 
THE EOCENE'OLIGOCENE BOUNDARY IN THE ZDANICE 

AND POUZDRANY UNITS (WESTERN CARPATHIANS, 
CZECHOSLOVAKIA): THE LONG-TERM TREND AND ORBITALLY 
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Abstract: 

This paper describes the study and paleoecologic evaluation of changes in the Upper Eocene - Lower 
Oligocene calcareous nannoplankton assemblages of the Pouzdl'any and Zdänice Units, Western Carpathians, 
Czechoslovak.ia. Changes around the Eocene/Qligocene boundary were studied in particulardetail in the Sheshory 
Marl (=Globigerina Marl) ofthe Submenilite Formation ofthe Zdänice Unit at the Uhereice location. Nannofossil 
assemblages were examined quantitatively and factor analysis was used to identify six factor assemblages. In 
addition foraminiferal assemblages, isotope and geochemical analyses were utilized. These data were interpreted 
paleoecologically. 

In the Upper Eocene part of the Sheshory Marl more and less calcareous horizons altemate. Tue more 
calcareous horizons also show different nannofossil assemblages, with an increased frequency of small 
Noelaerhabdaceae (= Prinsiaceae), Blackites spinosus and Rhabdosphaera lenuis. We interpret Ibis cyclicity as 
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reflecting primaiy changes in calcareous nannoplanklon productivity, due to Milankovitch-type orbital cycles. In 
addition from the Late Eocene onward general trends are discemible in the various paleoecologic indicators, 
despite the ove1printing by short-term cyclicity. 

In the Early Oligocene, nannoplankton assemblage diversity and composition was affected by nutrient 
inflows from the land. Also, increased fresh-water influxes caused by ciimate changes resulted in decreased 
salinity in the prevailing environment of partially land-locked basins. 

Nannoplankton were eliminated during the lowest salinity periods represented by the Chert Member and, 
in part, the Sitboi'ice Member of the Menilite Formation. In the siliceous rocks of NP23 Biomne, nanno-chalk 
laminae comprising monospecific paleoassemblages of Dictyococcites ornatus altemate with chert ( diagenetically 
altered diatomite). This altemation suggests seasonal changes in the dominants of phytoplankton assemblages. 

The sequence of Early Oligocene paleoenvironmental changes deduced from study of the Pouzdi'any 
and Zclruuce Units and their relations to orbital cycles, supply a basis for determining ecostratigraphical zones 
that, together with eustatic events, allow refinement of interregional correlation. 

1. Introduction 

This paper discusses changes in paleoenvironmental conditions that can be inferred 
from changes of the paleontological content and the lithology of Lower Oligocene 
sedimentary complexes ofthe tectono-facialPouzdfany andZdanice Units. These units were 
deposited on the continental slope of the southeastem margin of the Bohemian Massif 
(Fig. 2) and now form part of thick complexes of overthrust sediments in the Flysch Belt of 
the West Carphathians (Fig. 1). This region became part of the Centräl Paratethys by the 
Miocene (possibly by the Early Oligocene cf., e.g. BALDI, 1984). Correlation of the 
litostratigraphy of the Pouzdfany and Zdanice tectono-facial units is shown in Fig. 3. 

For sediments of marginal seas, interregional biostratigraphical correlations are 
commonly difficult to make. Index fossils are often absent or can be affected in their 
stratigraphical distribution by local conditions. Redeposition also occurs frequently. On the 
other hand, as stated by KENNETf (1982), partially land-locked marginal basins can behave 
as "paleoenvironmental amplifiers" in which manifestations of global events areheightened. 
In these conditions, traditional biostatigraphical approaches can usefully be comple
mented by causal stratigraphical methods, i. e. ecostratigraphy and event stratigraphy. These 
two methods complement each other by describing, respectively, intervals of relatively 
stable paleoenvironmental conditions (ecozones) and periods of abrupt ecosystem restruc-

) turing (bio-events). The Late Eocene~y Oligocene is a suitable period for the 
application of ecostratigraphy and event stratigraphy since abrupt global changes occur 
during this interval. Prelirninary ecostratigraphical sub-division of the Oligocene sequences 
within the Pouzdfany and Zdanice Units has allowed correlations with the Austrian 
Molasse, the Hungarian Oligocene and the Polish Carphatians tobe refined (KRHOVSKY, 
1985). 

Tue Late Eocene is characterised by relatively shallow calcite compensation 
depth (CCD) in the world oceans. This is interpreted as a result of low fertility, possibly 
related to the low temperature gradient between low and high latitudes (BOERSMA and 
PREMOLI-SIL VA, 1986). In the Zdan.ice Unit Upper Eocene sediments are greenish-grey 
non-calcareous clays containing faunas of agglutinated foraminifers, probably depo
sited below CCD in the middle and lower bathyal zones. Distinct changes occurred in the 
global ecosystem in theLate Eocene (KELLER, 1983, 1986a, b; POOREand MA TIHEWS, 
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Fig. l: Tectonic sketch-map of the Western Carpathians in south Moravia (after STRANfK et al., 1991). 
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1984; POMEROL and PREMOLI-SIL VA, 1986). These changes are thought to have been 
mainly due to paleogeographical changes which led to isolation of Antarctica, generation of 
the Circum-Antarctic Current, KENNETI et al., 1974), and an increase in the ice-covered 
area (ROBIN, 1988). Changes in the distribution of water masses of different density 
caused changes in current direction and generation of the psychrosphere - the cold-water 
layer near the ocean floor. 

Climatic changes during the Early Oligocene including a temperature drop at higher 
latitudes ( e. g. SA VIN, 1977) increased the temperature gradient, activated water circulation 
and increased the fertility ofthe oceans. Data from deep-sea boreholes suggests consequent 
CCD drops of 600-1,000 m during this time interval (THUNELL and CORLISS, 1986). 

Tue aim of this paper is to investigate changes in assemblages of calcareous 
nannofossils in the Western Carpathians with respect to both the long-term paleoenviron
mental trend around the Eocene/Oligocene boundary and the short-term changes possibly 
related to Milankovitch type orbital cycles. In addition to paleoecologic information, 
geochemical, sedimentologic and isotopic data were used to interpret paleoenviron
mental variations. 

Responsibilities for the work are: Jan KRHOVSKY - calcareous nannoplankton and 
paleoenvironmentalinterpretation;MarieADAMOVA-geochemistry;JanaHLADfKOVA 
- stable isotopes; and Hana MASLOWSKA - data processing. 

FIG. 2 

B 

Fig. 2: Tue earliest Oligocene paleogeographical reconstruction of the south Moravian Outer CarpaUi.ans. 
A) Three- dimensional sketch of lhe sedirnentary areas. 8) Longitudinal section through the axial part 
ofthe Nesva~ilka Trough. Nöt to scale. 
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Fig. 3: Diagram showing from leftto right : 1) Age in millionyears (after HAQ, HARDENBOLand VAIL, 1988). 
::) Biozonation (sensu MARTINI, 1971 ), the com:lation of biochronology wilh geochronolotty is based 
cn HAQ, HARDENBOL and V AIL, 1988. 3) Lithostratigraphical division of the Pouzdi'any and ZdV.ice 
Units (after STRANf K, 1983, modified). 4) Paleontological and paleocnvironmcn!Jll events. 5) Estimated 
changes of selected paleocnvironmen!Jll characteristics. 
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2. Biostratigraphy 

The sediments of the Pouzdtany Unit were deposited in the upper bathyal zone. The 
Pouzdfany Marl and the lower part of the Uheitice Formation are placed in the latest 
Eocene to Early Oligocene interval. The NP21 and NP22 nannoplankton Biozones were 
recognised in the Pouzdfany Marl (KRHOVSKY, 1979), and the P.17 to P.18 planktonic 
forarninifera Biozones (KRHOVSKY, 1983). Low diversity assemblages of calcareous 
nannoplankton with predominant Dictyococcites ornatus, placed by MÜLLER (1970) 
in the NP23 Biozone, are known from the calcareous diatomites of the overlying 
Uherl'.:ice Formation (KRHOVSKY, 198la,b). Foraminifers are commonly absent in the 
lower parts of the Uhertice Formation. 

The sedimentary complexes of the Z<lanice Unit were deposited near to the 
Pouzdfany Unit but in the middle to lower bathyal zone (Fig. 2). From the latest Eocene to 
the earliest Oligocene, the youngest mem ber of the Submenilite Formation, i. e. the Sheshory 
Marls (= Globigerina Marl of previous papers) were deposited. They are overlain by 
the Menilite Formation (the Subchert and Chert Members, Dyn6w Marlstone and 
Sitbofice Member) which is Early Oligocene in age. The green-grey clays below the 
Sheshory Marls are non-calcareous and free of calcareous nannoplankton and so cannot 
be dated accurately. 

The Sheshory Marl was placed in the Early Oligocene, in NP2 l Biozone, overlapping 
to NP22 (KRHOVSKY, 198la, b). The upper part of the Sheshory Marl is characterized 
by horizons with abundant small planktonic forarns with G/obigerina praebulloides 
predominant. Coccolithus formosus, the disappearance of which defines the NP21/NP22 
biozonal boundary, occurs rather rarely in the upper part of the Sheshory Marl and gives 
a minimum age for the member. 

Rare discoveries of Discoaster saipanensis and D. barbadiensis in the lower part 
of the Sheshory Marls suggest these horizons are Late Eocene, NP20 Biozone. This agrees 
with dating of the "Globigerina Marls" by planktonic foraminifers in Po land (BLAICHER, 
1970; OLSZEWSKA, 1984). Some authors suggested the Sheshory Marl is entirely Late 
Eocene (van COUVERING et al., 1981; VIALOV et al., 1987). However, the absence of 
D. saipanensis andD. barbadiensis in the upperpart ofthe Sheshory Marl and the presence 
of "Globigerina" tapuriensis (an index species for the LowerOiigoceneP.18 Biozone sensu 
BLOW, 1969) from 4 m above the base of the Sheshory Marl (Y oussef ALi, pers. comm.), 
suggest that the Eocene/Oligocene boundary runs through the Sheshory Marls or at their 
top. [NOCCHI et al. (1988) recorded the first occurrences of "G/obigerina" tapuriensis in 
Italy just below the last occurrences of Hantkenina and so in lafust Eocene]. In the 
Uherl'.:ice section, Isthmo/ithus recurvus is more frequent in the lower 6 m of the 
Sheshory Marl, where Discoaster saipanensis and D. barbadiensis are also sporadically 
present. Similar abundance increases of this species have been reported at or just below 
the Eocene/Oligocene boundary by several authors (MONECHI, 1986; PERCH-NIELSEN 
et al., 1986; BACKMAN, 1987; NOCCHI et al., 1988). 

The Subchert Member of the Menilitic Formation of the Zdanice Unit falls within 
NP22 Biozone. Discovery of Spheno/ithus distentus in the Klepice-5 Borehole below the 
menilitic cherts (A. NAGYMAROSY, personal comm., 1992) does not affect this age 
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assignment, since the first occurrence of S. distentus overlaps with the upper ranges of 
Reticulofenestra umbilicus and Coccolithus formosus in some areas, and it cannot be 
considered a reliable datum (WEI and WISE, 1989). Planktonic foraminifers are often 
abundant in the Subchert Member, but small species (or ecoforms) dominate the assem
blages and these allow only tentative stratigraphical assignment - to the P.18 Biozone 
(STRANfK et al., 1991). 

Autochthonous calcareous microfossils are absent in the Chert Member. The 
overlying Dyn6w Marlstone can be placed in NP23 Biozone based on the acme of 
Dictyococcites ornatus. The lower part of the Sitbofice Member can probably also be 
assigned to the NP23 Biozone. The upper horizons of the Sitbol'ice Member belang to 
NP24 Biozone. Based on the occurrence of forms identified as Cyclicargolithus abisectus, 
Helicosphaera recta and, in the upper horizons, Pontosphaera cf. enormis, JURASOV A 
(in B UBIK et al., 1991) suggests the NP24 and NP25 Biozones. Considering the difficulties 
in differentiating recrystallized Cyclicargolithus jloridanus from C. abisectus and the 
uncertain stratigraphical positions of the first occurrences of P. enormis (environmentally 
dependant), this stratigraphical assignment cannot be regarded as reliable (cf. BUBIK, 
this volume). 

3. Fades changes in Upper Eocene to Lower Oligocene sedimentary sequences 
of the Pouzdfany and Zdanice Units and their relations to paleoenvironmental 
changes 

A. Sheshory Marl 

In the Late Eocene, deposition of calcareous clays, marls and marly limestones. 
began on the green-grey non-calcareous clays in the middle and lower bathyal zones of the 
West Carpathian Flysch Belt. OLSZEWSKA (1984) related this change to the globally 
indicated drop in CCD. However, it may be worth noting that local drops in CCD can 
also be due to more CaCO, entering the sea from rivers. EINSELE (1982) quotes a CCD 
drop of as much as 350 m when the incoming CaCO, was increased by 10%. An increase 
in productivity of calcareous nannoplankton related to an increase in nutrient input may 
be supposed to contribute to this process. 

Tue boundary between the green-grey non-calcareous clays and the calcareous 
sediments may not be exactly isochronous in all regions; its stratigraphical position should 
depend on the local paleodepth. In the deeper water areas, changes presumably occurred 
later. In regions at paleodepths above and below the limits of CCD fluctuation (e. g. the 
Pouzdfany or Magura sedimentary areas), this change was not manifested at all. Calcareous 
sediments deposited above the green-grey clays are called Globigerina Marls in many 
regions ofthe Carpathian Flysch Belt. However, the term "Globigerina Marl" has also been 
used forolder hemipelagic Sediments, so sTRANiK et al. (1991) proposed the term Sheshory 
Marl for the youngest member of the Submenilitic Formation. This term was originally 
introduced by VIALOV in the Ukrainian Carpathians in 1951. 

The Sheshory Marl contains diverse assemblages of calcareous nannoplankton, 
pianktonic and benthic foraminifers. Agglutinated foraminifers are only common in the 
lower part of the Sheshory Marl, they are rare or completely absent in the upper part. Tue 
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calcareous nannoplankton was studied by KRHOVSKY (1979) in Moravia, by AUBRY 
(in van COUVERING et al., 1981), ANDREYEVA-GRIGOROVICH (1987) and 
ROMANIV (1991) in Poland and the Ukraine. Data on foraminifers were given by 
BENESov A (in BENfüov A et al., 1963), HANZLiKOV A (in PiCHA, HANZLiKOV A 
and CICHA, 1968), JURASov .A (1986) and BUBiK (in HAMRSMiD, 1991). Significant 
papers on foraminifers from the adjoining regions include SUBBOTINA (1960), BLAI
CHER (1970) and OLSZEWSKA (1983). Within the "Globigerina Marl", these authors 
distinguished a lower zone wilh large planktonic foraminifers (corresponding to the lower 
part of the Sheshory Marl) and an upper zone with small planktonic foraminifers 
which, according to our division of the Zdanice Unit, corresponds to the upper Sheshory 
Marl and the Subchert Member. 

B. Subchert Member 

The Subchert Member of :':e Menilite Formation is characterised by several 
horizons of chocolate-brown, non-calcareous or slightly calcareous clays deposited in 
an environment of decreased bottom water oxygen contenL Light-coloured, brownish 
banded or laminated marlstones and argillaceous limestones, locally with laminae of 
fine-grained sands, rust-coloured by iron hydroxides, also occur here. The carbonate 
component of the sediment is mainly coccoliths, tests of planktonic foraminifers 
are frequent, too. The brown silty marls contain abundant minute planktonic 
foraminifers, mostly Globigerina officinalis, an increased abundance of Chiloguembelina 
gracillima is a characteristic feature. Benthic foraminifers are rare, typically aggluti
nated foraminifers are absent, whilst Tnfarina and Bolivina dominate. The brown clay 
horizons are poor in or free of foraminifers and calcareous nannofossils, only small fish 
bones and teeth were found in the washed residues. The lamination and scarcity or absence 
of benthic fossils suggest low oxygen or sometimes even anoxic bottom conditions 
during the Subchert Member deposition. 

KRHOVSKY (in STRANiK et al., 1991) interpreted the differences between the 
Sheshory Marl and the Subchert Member as the result of increased fresh-water influx, 
accompanied by incipient restriction of communication with the open sea (BALDI, 1984). 
This is indicated by increased contents of clastic material (fine-grained Sand laminae 
coloured by iron hydroxides), by the stratification of the water column (laminites, increase 
in organic carbon) and eutrophication of the photic zone (calcareous nannoplankton 
blooms). There is no sharp boundary between the Sheshory Marl and the Subchert 
Member. Laminae of fine-grained sand and manifestations of decreased bottom water 
oxygen content already appear in the upper part of the Sheshory Marl, accompanied by 
increased percentages of Braarudosphaera bigelowii in some horizons (e. g. Sample 
No 130) indicating short-time changes in salinity. 

Near Buda in Hungary, BALDI (1984, 1986) described two Spiratella horizons from 
the NP22 Biozone of the Lower Tard Clay. In the Subchert Member of the Zdanice Unit 
which is isochronous with Lower Tard Oay three thin layers of lam inated marl wi th abundant 
Spiratella were recently found in Velke N~m~ice (excavation foF gas pipeline). Spiratella 
horizons are distinguished by bedding planes with abundant pteropods Spiratella 
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(= Limacina cf. umbilicata of BORNEMANN after detennination of ZORN, VIENA fide 
DOHMANN, 1991) interpreted as the result of mass mortality. These horizons are 
characterised by high frequency of Lanternithus minutus. Tue bedding planes with 
abundant Spiratella also commonly display a slightly higher frequency ofBraarudosphaera 
bige/owii, a species known for its tolerance of reduced salinity. lt may be hypothesized, 
therefore, that the mass mortality of Spiratella were due to short-tenn decreases in surface 
water salinity below the level tolerated by these stenohaline pteropods or, if we consider 
them as bathypelagic plankton, due to a rise of H

2
S poisoned water level. This seems a more 

likely cause than abrupt lowering of temperature as supposed by BALDI (1986). In the 
Pouzdfany Unit the Spiratella horizon has been found by BUBIK (pers. comm.) in the 
upper part of Pouzdfany Marl (NP22 Biozone) at locality Pouzdfany - wine cellars (Mr. 
Losa's wine-cellar) in an horizon contrasting with neighbouring beds by its darker brown 
colouring. 

C. Pouwfany Marl 

In the Pouzdfany Unit, the Poozdfany Marl is a stratigraphical equivalent of the 
Sheshory Marl and the Sobchert Member. lt is typically a chocolate brown marl. In its upper 
part low calcareoos dark brown clay horizons occur, and fine-grained sand laminae are 
common. The Poozdfany Marl is characterised by relatively high contents of organic 
matter (1,5% on average). lt is considered tobe deposited in the opper bathyal oxygen 
minimom zone. One thin layer ( 1 cm thick) and several laminae of marine diatomites have 
been found in the opper part of the Pouzdfany Marl near above the Spiratella horizon, 
in Mr. Losa's wine-cellar. At the same level in another excavation at the Poozdfany - wine 
cellars site :REHAKOV A (1986) recorded a hondred species of marine diatoms and the 
occurrence of ebridians, silicoflagellates, archaeomonads and siliceous sponges spicoles. 
These diatomites occur intercalated in the opper Poozdfany Marl in the opper part of NP22 
Biozone (not in NP21 as given by REHAKOV A, 1986). At the equivalent levels in the 
Sobchert Member identifiable diatom frustoles have not been foond yet, bot irregolarly 
shaped opal grains are common in the brown clays and probably represent diagenetically 
remobilized diatom shell material. SEM micrographs of an opal grain from the time 
equivalent Papin Beds (Dukla Unit) are shown on Plate 8. Outside the brown clay horizons, 
no evidence for the existence of diatoms can be foond in the Subchert Member (thoogh 
they should have been present in the phytoplankton assemblages), presumably they 
were dissolved during sedimentation. 

Not only prodoction of diatoms, bot also suitable conditions for their preservation 
are necessary for the generation of diatomites. pH variations are important in preserving 
opal since Si02 solobility is lower in acid environments. Decreased pH valoes can resolt from 
H2S production in anoxic benthic environments, or from reduced production of carbonate 
shells by planktonic organisms. Increased fresh-water influxes from the land may have 
aliowed the diatoms to flourish by providing input of Si02 and notrients. Simultaneoosly it 
coold aid their preservation by eliminating the stenohaline plankton with calcareoos shells 
and by causing stratification of the water column. 
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The first increase in pollen of arctotertiary genera was recognised in the Pouzdfany 
Marl in horizons around the marine diatomites (KONZALOV A, PACLTOV A and 
KRHOVSKY, in print). lt suggests that increased inputs of nutrients and dissolved 
silica were triggered by climatic deterioration. 

D. Diatomites of the Uhercice Formation (Pouz.d'fany Unit) 

In the Pouzdlany Unit (locality Pouzdfany "U ~fpku" = "by wild rose brier") 
horizons of marine diatomites were found above the Pouzdfany Marl (REHAKOV A, 
1986, 1989). Between the Pouzdlany Marl and the marine diato111ites, a 35 cm thick 
layer of non-calcareous clay is developed which is considered tobe the base of the Uher-
6ce Formation. lt contains sporadic remains of diatoms, siliceous sponge spicules, and 
archaeomonads. 

:REHAKOV A (1986, p. 725) distinguished at Pouzdfany - wine cellars and "U ~fpku" 
two diatom biofacies: "marine and brackish (moderately freshened) corresponding to out er 
neritic and shallow marine littoral environments. f)iatomflora of typically marine develop
ment occurs in lower horizons. Dominant species are the neritic-planktonic diatom 
forms among which representatives of the holoplanktonic oceanic environment have also 
been identified." Silicoflagellates, ebridians, archaeomonads and sponge spicules are also 
present. 

Non-calcareous brown clays occur above the marine diatomites in the upper part 
of the "U ~fpku" trench. In the clays, a 30 cm thick, fine-grained sandy layer is 
intercalated. The sandstone is of Kliwa type and may be compared with the Boryslaw 
Sandstone occurring in the Skole Unit in this stratigraphical position (lower part of cherty 
Kot6w Member, KOTLARCZYK and LESNIAK, 1990). Above the sandstone layer, thin 
bands or laminae dominated by the brackish to freshwater diatom Melosira are intercala
fed in non-calcareous clays. :REHAKOV A (1986) mentioned the occurrence of some boreal 
arctic diatoms in these upper horizons. The diatom flora indicate a lowering of salinity. 

At the locality Pouzdlany - above the mill the upper part of Pouzdlany Marl (all 
the NP22 Biozone) and marine diatomites are absent (due to synsedimentary erosion?). 
Oligohaline diatomites dominated by Melosira (REHAKOV A, 1964, 1986, 1989; sTRA
NfK, 1981; KRHOVSKY, 198la, b; BRZOBOHATY et al., 1983) occur immediately 
above the lower Pouzdfany Marl (NP21 Biozone), divided only by 70 cm thick 
layer of non-calcareous clay. 

Melosira dominated diatom assemblages occur in the modern Baltic Sea at 
salinities of about 15°/ 

00
• This suggests strong salinity decreases during the Melosira 

blooms. An increased fresh-water influx from the land is probably the only event which 
can account simultaneously for the Melosira blooms (by providing an influx of Si0

2 

and nutrients), for elimination of stenohaline calcareous plankton and for stratification of 
the water column - i. e. for all the characteristic features ofthe non-calcareous diatomites of 
the Uher~ice Formation. The absence of planktonic foraminifers and calcareous nanno
plankton in these horizons can be related to periods of at least short-term (e. g. seasonal) 
salinity decreases below a limit tolerated by these organisms. During these periods, 
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density stratification could have efficiently isolated the hypolimnion causing decreased 
oxygen content or even anoxia as indicated by sedimentologic characteristics (lamination) 
and by absence of bathypelagic and mesopelagic fishes in the contemporaneous 
Chert Member (BRZOBOHATY, 1981). 

E. Chert Member 

The Chert Member of the Menilitic Formation has a horizon of non-calcareous, dark 
brown-grey claystones, 0.5 to 0.7 m thick, at its base. SlRANfK (1981) discovered within 
this horiz0n an intercalation of laminated limestone in the highway cut at Velke N~m~ice. 
Tue environment of deposition of this non-calcareous horizon probably resembled lhat 
ofthe brown clays in the SubchertMember, and represents the transition to theaccumulation 
period of biogenic opal. An equivalent horizon of non-calcareous brown-grey clays also 
occurs below the marine diatomites in the Uher~ice Fonnation of the Pouzdfuny Unit. 

In the Chert Member of lhe Zd:inice Unit, the non-calcareous clays are overlain by 
cherts and brown-grey or brown silicified and non-silicified claystones withjarositein which 
calcareous fossils are absent. At the equivalent level in the Pouzdfany Unit are diatomites. 
Tue cherts are the product of diagenesis of diatomites. A substitution of diatomites in the 
upperbathyal Pouzdrany Unit by cherts in middle and lowerbathyal Zdanice Unit suggests 
that the intensity of silica remobilisation during early diagenesis was depth dependant. 
Cherts originated from marine diatomites cannot be distinguished from those originated 
from brackish and fresh-water diatomites. 

F. Calcareous diatomites of the Uherlice Formation 

Calcareous diatomites and diatomaceous nanno-chalk, with a central horizon of 
dolomitized carbonates, occur above the non-calcareous diatomites at Pouzdfany - above 
the mill (STRANfK, 1981). The calcareous component of the sediment has its origin in 
coccoliths, foraminifers are absent. Tue assemblages of calcareous nannoplankton are 
dominated by Dictyococcites ornatus, the characterist.ic endemic species Transverso
pontis fibula (= T. pax of SlRADNER and SEIFERT) and T. latus are rare. This assemblage 
may be classified to the Biozone NP23 after MÜLLER (1970). POKORNY (personal 
communication) recognised rather frequent remains of ostracods near the horizon of the 
dolomitized carbonates. On the basis of the acme of Dictyococcites ornatus, the 
calcareous diatomites can be correlated with the Dyn6w Marlstone of the Zdanice Unit 
(SlRANiK, 1981; KRHOVSKY, 198 la; NAGYMAROSY and VORONINA, this volume). 
After REHÄ.KOV A (1986) the diatom assemblages are characterised by predominance 
(more than 90%) of fresh-water Melosira (Aulacosira), with accessory littoral marine 
diatoms. REHÄKOV A (op. cit.) mentioned a "pronounced Miocene character of the 
diatom flora" at the Pouzdfany - above the mill, which "points out to the uppennost 
Oligocene" age. We consider this similarity tobe an ecologic effect without stratigraphical 
meaning. 
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G. Dynow Marlstone 

In the Dyn6w Marlstone the same low diversity calcareous nannoplankton assem
blages with predominantDictyococcites ornatus occur as in the calcareous diatomites of the 
Pouzdfany Unit. Silicification of the marlstone, typical for the member, suggests the original 
presenceof siliceous material, probably diatoms. During deposition of the Dyn6w Marlstone, 
the high inflow of coccoliths may have raised pH values of the deposits and caused more 
intensive dissolution of the diatom tests. Cylindrical cavities found in the silicified 
marlstones (PI. 10/1) provide evidence for the original presence of fibrous colonies of 
centric diatoms. Based on the presence of calcareous nannofossils, KRHOVSKY (198lb, 
1991) inferred a higher salinity during deposition of the Dyn6w Marlstone than the Chert 
Member. The absence of stenohaline planktonic foramin.ifers, however, suggests that the 
salinity of the surface layers was still below about 27°/ 

00
• 

Tue low diversity of the assemblages was not the only effect of the paleoecologic 
conditions on calcareous nannoplankton in the Dyn6w Marlstone. All the Dictyococcites 
ornatus placoliths show absence of the inner tube cycle, probably as a result of under
calcification. Incomplete coccoliths have been recognised tobe most common in samples 
from the logarithmic growth phase of cultures grown in high nutrient media (YOUNG in 
YOUNG and BOWN, 1991). Ecophenotypic variation or an effect of interruption of 
coccolith growth can also be responsible for the occurrence of undercalcified coccoliths. 
selective etching cannot, however, be excluded (YOUNG and WESTBROEK, 1991) . .Jn 
modern Indonesian seas, a restriction of coccolith formation in surface waters with slightly 
lowered salinities has been described by KLEIJNE (1990). Since blooms of D. ornatus point 
to high nutrient content, the abnormal morphology may be related to the high producti vity 
conditions. So, Dictyococcites ornatus may be a growth stage or ecomorphotype of another 
species. Typical D. ornatus has a circular outline. In the Dyn6w Marlstone more elliptical 
specimens are also abundant (see PI. 9 and 17), these are similar to Reticulofenestra locken· 
with missing inner tube elements but are much smaller. They have been denominated here 
as Dictyococcites cf. ornatus. lt is possible that more species of Dictyococcites (and 
Reticulofenestra?) have been determined asD. ornatus in literature. This namehas been used 
widely for specimens which have thickening of central area elements and absence of inrler 
tube in common. Forma "ornata" may bean ecomorphotype, i. e. an ecophenotypic response 
of some dictyococcitids and reticulofenestrids to extraordinary ecologic conditions, 
probably low salinity and/or high nutrient levels. 

No lithostratigraphical units between the Dyn6w Marlstone and the overlying 
Sitbol'ice Member have yet been identified in the Zdanice Unit (STRANfK, 1983; 
STRANiK et al., 1991). In the Skole Unit in Poland, where the Dyn6w Marlstone was 
originally described, three other members - Rudawka, Futoma and Borek Nowy Members 
(K01LARCZYK andLESNIAK, 1990)- could be distinguished. They underlie the Krepak 
Member with Kliwa Sandstones corresponding in the Zdanice Unit to the lower part of the 
Sitbol'ice Member. In the Zdanice Unit, a probable equivalent of the Rudawka Member 
;an be recognised above the Dyn6w Marlstone s. s. at Kfepice, outcrop above the cemetery 
(see KRHOVSKY, 1991, Fig. 31). The occurrence ofthin layers of sandstone and blooms 
of Dictyococcites ornatus (possibly time equivalent to the lower horizon of the Tylawa 
Limestone of the Skole Unit) seems to corroborate the correlation. 
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Tue blooms of D. ornatus found above the Dyn6w Marlstone at K!epice location 
are very interesting. They are preserved as thin coccolith laminae altemating with chert 
laminae (originally horizons with diatoms). This altemation has been interpreted as 
manifestations of seasonal variations in the predominant organisms of the phytoplankton 
assemblages (KRHOVSKY, 1991; andin press). lt may reflect seasonal differences in 
input of run -off waters with dissolved silica and nutrients. The original larnination is rather 
thin, commonly less than one hundred microns (PI. 11/ 1). Clay minerals and frarnboidal 
pyrite locally occur on the interfaces of the larninae (PI. 12/ 2, PI. 13/ 2). Thicker larninae, 
several hundred microns thick, are irregular and discontinuous suggesting that they 
formed secondarily due to current sorting (PI. 11/ 2). At the K!epice location, these lami
nites were decalcified and pyrite was leached. 

In the Pouzdfany Unit, the horizon of dolomitized carbonate occuring in calcareous 
diatomites of the Uher~ice Formation seems to correspond to the Dyn6w Marlstone proper. 
The overlying calcareous diatomites cannot be directly compared to the Futoma Diatomites 
of the Skole Unit because the later contain marine neritic-sublittoral diatom assemblages 
with fresh-water Me/osira praeislandica occurring only in low abundance (KOTLAR
CZYK and KACZMARSKA, 1987). The lateral salinity variation may, however, reflect 
differences in position with respect to rivers. 

H. Sitbofice Member 

Pebbly mudstones, xenoclasts of the older deposits (Dyn6w Marl and cherts) and 
other indications of submarine erosion were described by STRANiK (1981) from the 
base of the Sitbofice Member. The regional occurrence of slides and submarine erosion 
at this statigraphical position may be due to tectonic movements (STRANiK, 1981). 
KRHOVSKY (198lb, 1991) suggested the alternative cause of eustatic sea-level fall, as 
indicated from NP23 Biozone by HAQ et al. (1988). This is supported by the occurrence 
of thick horizons of sorted Kliwa quartz sandstone at the base of the Krepak: Member in 
the Skole Unit, redeposited from the littoral to the deeper parts of the sedimentation area 
during he sea-level fall. The Sitbofice Member of the Menilitic Formation is composed of 
brown and greenish-grey non-calcareous or slightly calcareous clays with fine-grained 
sandstone laminae. Highly calcareous clays to marly chalks, beige in colour, locally 
occur as thin intercalations (STRANiK et al„ 1981). Mass occurrence of low diversity 
calcareous nannofossils has been described from these horizons (JURASov A in 
BUBIK et al., 1991; KRHOVSKY and DJURASINOVIC, in print). Ecostratigraphically 
they correspond to the horizons of laminatcd limestones of the Polish Flysch 
Carpathians (KRHOVSKY and DJURASINOVIC, in print). KRHOVSKY (1981b) 
suggested that salinity was variable and often low during deposition of the Sitbofice 
Member. 

The Sitbofice Member falls within the NP23 and NP24 nannofossil Biozones and 
P.19/P.20-P.21 planktonic forarninifera Biozones. Sedimentation occurred underreducing 
conditions with rescricted communication with the open sea. 
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1. Variegated clays of the Uhercice Formation 

In the Pouzdfany Unit, variegated clays of the Uher~ice Formation overlie the 
calcareous diatomites. They are grey or brown clays and calcareous clays sporadically 
interbedded with sand. 

J. Summary 

Tue Early Oligocene paleoenvironmental changes recorded in the Pouzdfany 
and Zdanice Units reflect the global cooling of that time and the regional isolation from 
theopen sea(BALDI, 1984; 1986). Tue tectonically driven regional isolation causedamplifi
cation of the long-term climatic trend. The gradual salinity decrease in the surface water and 
the increasing eutrophication changed the composition and productivity of the pelagic 
assemblages. The initial open-sea assemblages gradually became enriched in plankton 
adapted to higher nutrient concentrations and to variations in ecologic factors typical of 
near-shore environments. During the period of maximum isolation (the end of NP22 and 
NP23 Biozones), endemic assemblages of the low-salinity inland sea developed. 

To imagine the ecologic conditions of this landlocked sea (termed the Solenovian 
Sea byRUSU, 1988), theRecent Black Seacan be usedasamodel (KRHOVSKY, 1981b). 
Tue gradual salinity deaease suggests ample fresh-water inflow from the surrouding land. 
This is also suggested by the increased input of sand and by the occurrence of hyposaline 
diatomites (and of menilite cherts diagenetically generated from them) in coastal areas, 
and not in the centre of the basin. Increased input of land-derived sandy material during 
NP22 and NP23 is, however, not solely due to clirnatic changes. Land relief change 
reflecting the beginning of collision of the Bohemian Massif with the Carpathian Block 
was also important. Shallowing or interruption in deposition in the Nesva~ilka Graben 
suggest that the SE margin of the Bohemian Massif was elevating at that time. 

Salinity changes in the surface-water were only short-term initially and could bring 
about instantaneous mass-mortality of stenohaline elements (e. g. pteropods in the NP22 
Biozone). These events were immediately followed by recolonization by marine assem
blages. Longer-term salinity decreases, e. g. seasonal ones, caused the altemation of 
dominant elements in the phytoplankton (diatoms and calcareous nannoplankton in 
NP23 Biozone), while a year-long salinity decrease allowed only brackish to fresh-water 
groups to survive, notably the diatom Melosira (in the Chert Member of the Menilite 
Formation). 

Salinity decreases do not necessarily indicate absolute increase in mean annual 
precipitation. Evaporation decreases, changes in the character of the plant cover and, 
particularly, changes in precipitation distribution in the course of a year could also have 
played significant roles. Again it should be emphasized that, without continuing restriction 
in the communication with the open sea, the climatic changes described would have been 
manifested to a much lesser extent. 
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4. Changes in the calcareous nannoplankton assemblages within th 
Sheshory Marl 

A. Materialsand methods 

In the Uheri'.:ice section andin the excavation for gas pipeline near Velke N~mi'.:ice 
greenish-grey calcareous claystones and marlstones altemate with ochreous weatherinE 
marlstones and marly limestones in the lower part of the Sheshory Marl. The less calcareous 
rocks disintegrate into smaller fragments than the more calcareous ones. In the ochreous 
layers traces ofbioturbation occur and black Mn-oxides are common in the washed residues. 
In order to study possible variations in the calcareous nannoplankton assemblages present 
in the individual lithologies and their relationships to paleoenvironmetal changes, the 
Uheri'.:ice-III section was examined (slope excavation for the foundation of new wine cellars 
some 100 m west of the fire-extinguishing pool, cf. the site plan). The beds are steeply 
inclined at this place. Two sample sets were taken. Samples No. 1-19 came from the deeper 
part ofthe excavation (4 m below the surface), two or three samples were taken from every 
lithologically distinct horizon. This section was designated Uheri'.:ice Illa. Samples 
20-22 and 104-130 came from the upper part of the section (some 2 m below the present 
surface). Carbonate content and bulk rock-carbonate 0180 and ö11C values were detennined 
for all the samples and additional geochemical analyses were performed for Samples 
No. 108, 109, 114 and 118. 
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Fig. 4: Location map for Uhercice measured sections. Studied sections are marked by Utick lines. Uhercice 1-
- trench described by BUBfK et al. (1991). Uhercice II- trench excavated in 1991. Uhercice 111- slope 
excavation for the foundation of new wine cellars. All sections are covered now. 
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To quantify relative frequency changes in individual taxa of the calcareous 
nannoplankton, the coccoliths were counted in a light microscope in smear slides prepared 
from a non-centrifuged suspension. 

For abundant species, the coccoliths were counted from five fields of view; for the 
less abundant species the amounts were counted from 25 to 50 fielcls and the average was 
taken for 5 fields. Rare taxa that were present in the sample but not found during the 
counting process. were given abundance values of 0.01 in the data set. These census data 
converted to percentages are given in Tabs. 1 and 2 together with stable isotopic data 
and carbonate contents. 

R-mode factor analysis ofthedata base was done by H. MASLOWSKA using BMDP 
program, version 90. The data set is abundance counts of individual coccoliths in 

TAB. ' i 104 105 106 107 108 109 110 111 112 113 114 

Braarudosphaera bige1ow11 1 + + + + + + 

Zygrhab/1thus b11ugatus - + 005 + - 032 0.13 + 0.23 

Lantermthus m1nutus - + + 0.50 0.22 027 0.73 

Orthozygus aureus + + + 

Chiasmoflthus altus 002 

oamaruens1s - - - 005 + + + 

1 Coccolithus formosus - - - + - + 020 + 0.15 ooe + 

pelagicus 4.06 8 58 538 4.21 12.09 7 59 6.59 7.39 658 7.10 7.06 

Clausicoccus spp. 0 41 0 68 0 49 042 0.24 2.07 115 2.90 110 2 73 1.41 

Discoaster barbad1ens1s + + 

sa1panens1s - + - + 

tani + deflandre; - - + + - + + + + 

Helicosphaera spp. + + - - + o.oe + + 003 + 

Pontosphaera crucifera + + 

tatellip11ca - + + + .,. + + 

mutripora - - 029 0.2• + 0.69 006 053 0.26 1.35 0.21! 

Transversopontis obliquipons + - .,. + + + l tJAJfcher -
pulcheroides - 0 10 0 79 - - . .,. + + .,. 

Dictyococcites bisecrus 10 14 4 29 3.91 5.27 1209 6.90 2.64 2.64 3.29 4.92 3.39 

davlesii 2 03 1 72 0 98 1.58 1.21 1517 889 2.11 5.70 8.74 7.63 

hesslandii 25 35 3262 29 84 19.50 19.35 24.14 1548 16.09 1469 13.66 5.93 

Reticulofenestra samodurovi1 6.oe - 0 98 1.58 484 9.66 2.64 2.37 2.63 2.19 1.13 

umbil1ca 7 10 4 29 3 42 4 22 6 05 13.10 3.29 1.66 3.29 2.73 2.26 

small Noelaerhabdaceae 34 48 35 19 34 ?4 4694 3023 689 41.83 47.49 47.80 45.C7 44.91 

Cyclicargolithus floridanus 9 13 10 30 16.63 5.80 7.26 10.34 1318 4.49 4.39 5.19 14.69 

Blackites spmosus .,. 043 - 3 69 1 21 1.32 7 91 5 48 4.37 734 

Rhabdosphaera tenuis - - - 1 58 1 21 069 1 32 3.17 395 1.37 226 

Sphenolithus moriformis 1 01 1 03 0 49 042 - 1 38 086 0.11 0.26 014 073 

predistentus + celsus + 0.29 + + 0 69 + - + + + 

lsthmol1thus recuf\lus 0 20 0 86 245 369 4.23 069 0.49 032 007 0.05 -

Number ol counted specimens 99 117 204 190 83 145 304 379 456 366 354 

dena 18-0 (% ) -0 1 00 00 -0 1 -0.5 -0.1 -0 l ·1 4 -0.6 -0.1 .,-,,5 

dena 13-c (% ) 2.6 2.6 26 2.2 2.2 2.3 2.2 0.7 1.1 1.7 11 

Carbonates (%) 25 1 25.3 23 8 20.6 221 17 7 28.8 470 39 3 250 48.1 

Tab. l: Percentages of calcareous nannofossil taxa, stable isotope data for bulk carbonates and carbonate 
percentages in Sampies 104 - l30a from Uhertice III section. 
+ species present but very rare. - species absent. 
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52 samples. There are thirty-one count categories representing species, species groups, 
or genera of calcareous nannofossils. The 0180 and 013C values and carbonate content 
were also included in the data-matrix. The column-wise normalization step characteristic 
of R-mode analysis gives the same weighting to both !arge- and small-valued variables. 
So it is well-suited to include fluctuations in abundance of rare species. 

The variance in our data set is not easily condensed for explanation by a few factors. 
Twelve factor axes were necessary to explain 91 % of the variance. Runs with over 8 fac
tors gave poor factor assemblages, and reliable paleoecologic interpretation of them was 
barely possible. Application of six varimax (orthogonally rotated) factors gave the most 
satisfactory ecologically interpretable results and accounted for 72% of the variability 
(Tab 3. for Uhercice III section, Samples 104-130a and 20-22; Tab. 4 for Uhercice Illa, 
Samples 1-19). 

115 116 117 116 119 120 121 122 123 125 126 127 126 126a 129 130 1308 

+ 1.09 1.67 

+ 0.11 023 0.18 0.12 0.19 + + 2.13 1.02 1.41 0.75 0.82 2.19 1.'46 

064 0.45 0.51 0.49 0.34 + + 3.47 1.33 2.11 1.50 0.82 2.41 3.54 

+ + + + + + + + + + + 0.13 

+ + t + 0.04 + 0.05 0.13 0.11 0.05 0.88 1.67 

+ + + + 0.11 001 + 0.02 + + 0.02 0.04 + 
0.14 0.25 0.73 010 024 004 0.13 + + + 0.11 + + + 
3.35 2.54 362 4.77 4.90 5.33 4.87 322 13.07 4.95 556 4.23 4.89 4.95 22.41 7.44 5.83 

062 1.48 2.71 4.40 4.90 5.92 2.06 1.93 4.24 1.58 1.11 0.85 1.50 0.71 2.24 1.31 1.'46 

+ + + 
+ 

+ + + + + + + + + + 

+ + 0.02 0.37 037 0.53 0.30 0.10 0.11 0.64 0.67 0.70 0.68 0.44 0.31 0.21 

0.05 + + + + 0.53 0.15 0.09 + 0.11 0.04 

+ + 
0.38 0.04 0.29 0.28 0.41 0.77 0.64 0.96 1.06 0.50 1.20 1.64 1.02 0.99 0.00 1.53 1.25 

0.05 ; . 0.02 042 0.35 0.44 0.94 0.19 0.22 0.04 0.21 

0.05 0.02 + 0.09 024 012 0.67 006 0.71 0.25 1.11 1.17 0.79 0.66 1.09 0.96 

1.72 1.48 090 1.47 0.45 0.95 225 2.25 2.83 1.58 1.78 3.29 3.95 3.30 12.59 2.63 1.67 

17.70 5.29 5.88 5.32 3.67 5.62 6.37 6.43 4.24 1.98 2.44 3.52 3.76 7.97 3.45 7.22 5.00 

10.05 15.88 14.03 7.52 8.16 13.02 8.43 16.40 15.55 8.42 10.67 3.52 4.89 6.59 5.17 2.19 3.75 

2.39 0.42 317 2.57 2.86 3.55 112 2.89 3.53 050 3.33 3.52 1.69 2.47 13.79 3.06 3.13 

1.91 0.76 1.02 1.47 1.02 0.59 0.45 418 0.21 0.00 0.13 0.14 0.04 011 1.03 0.18 0.21 

42.11 51.67 54.98 5394 52.65 52.66 61.05 49.52 41.70 56.19 48.00 62.21 65.04 58.24 17.24 58.86 61.'46 

14.83 6.99 7.01 6.79 9.39 7.40 4.68 8.68 4.59 11.88 14.44 8.22 4.51 5.77 12.07 2.41 1.04 

2.87 8.05 1.13 4.77 5.71 1.78 3.93 1.80 3.53 3.71 4.44 0.70 3.20 4.12 8.62 3.50 3.33 

1.44 4.02 3.17 2.57 306 0.30 1.31 0.84 1.06 1.34 1.33 1.17 0.75 1.48 0.52 1.31 1.'46 

0.24 0.42 0.36 0.39 0.35 030 0.60 0.13 0.4;! 0.05 0.00 0.14 0.26 0.05 0.02 0.09 0.25 

0.10 ; 0 11 + ' 0.35 0.18 0.33 0.26 0.05 0.02 0.22 0.17 

0.01 0.17 0.68. 1.65 1.02 0.89 0.52 0.32 1.77 0.40 0.53 0.19 0.11 0.16 1.03 0.09 0.13 

209 472 442 545 469 336 534 311 282 404 450 426 532 364 58 457 480 

0.4 ·1.9 0.3 0.2 -0.7 ·0.2 ·1.7 0.6 0.0 -13 0.3 -0.5 -0.2 -1.1 ? -0.3 -0.7 

2.3 ·0.1 2.1 2.2 1.4 2.6 0.6 25 2.0 0.5 1.8 1.3 1.1 1.4 ? 0.9 1.2 

30.9 42.7 41.0 36.9 472 25 5 506 33.5 49.6 46.0 14.7 40.4 43.2 ? 7.6 47.7 ? 
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B. Results and discussion 

The number of autochthonous species in diverse calcareous nannoplankton 
assemblages exceeds 40 in some of the samples. This can be strongly reduced in 
samples exhibiting carbonate dissolution; all of the coccoliths can be dissolved in extreme 
cases. 

The factor assemblage, i.e. the taxa setrepresenting the heaviest taxa loadings on one 
factor, can be evaluated as a group of taxa whose abundance fluctuations are strongly 
correlated. This correlation may reflect either similar ecologic demands or similar 
resistance to dissolution. A complication is that individual taxa may possess heavy loadings 
on several factors. This may be because environmental variables are inter-related rather then 

TAB. l 1 2 3 4 5 6 7 8 9 

Braarudosphaera bigelowii + 

Zygrhablithus bijugatus 0.45 0.20 0.43 0.15 0.24 0.24 1.29 0.33 + 

Lanternithus minutus 054 0.54 1.30 0.03 + 0.05 0.21 0.50 0.34 

Orthozygus aureus + + + 

Chiasmolithus altus + 

oamaruensis + + 0.04 + + + 

Coccolithus formosus 0.09 0.03 0.02 1.20 0.24 + 043 + + 

pelagicus 5.88 7.09 3.47 9.02 12.12 10.06 6.45 6.77 3.90 

Clausicoccus spp. 2.26 3.37 3.47 2.41 4.04 6.14 1.93 2.64 4.58 

Discoaster barbadiensis + 

saipanensis + + + 

tani + deflandrei + + + + + + + 

Helicosphaera spp. + + 0.54 0.06 0.02 + 0.21 + 0.02 

Pontosphaera crucifera + + 0.09 + + 

latelliptica + 0.87 + + 0.05 + + 

multipora 0.14 0.67 0.87 0.30 0.71 + 0.43 0.33 0.51 

Transversopontis obliquipons + + 0.22 0.03 + 

pule her 
pulcheroides + + 0.43 0.03 0.09 + + + + 

Dictyococcites bisectus 3.62 6.75 2.60 3.31 2.61 3.19 1.93 0.83 1.19 

daviesii 3.17 4.05 7.38 5.41 7.61 6.87 9.46 611 6.78 

hesslandii 16.75 20.60 15.41 22.26 23.53 19.64 12.47 16.02 21.37 

Reticulofenestra samodurovii 1.36 236 1.52 ··3.61 3.09 1.96 1.50 083 0.85 

umbilica 2.71 4.39 1.52 3.31 4.52 4.17 3.44 0.66 0.17 

small Noelaerhabdaceae 4755 35.46 49.27 33.99 30.90 37.06 47.53 50.70 45.96 

Cyclicargolithus floridanus 8.15 7.09 4.12 992 4.52 5.15 4.95 8.92 8.65 

Blackites spinosus 4.52 4.39 4.99 1.50 238 2.21 4.09 2.64 3.40 

Rhabdosphaera tenuis 2.26 236 0.87 1.50 1.66 1.23 2.58 2.31 2.04 

Sphenolithus moriformis 0.45 + 0.43 0.30 0.02 0.49 0.43 0.66 + 

predistentus + celsus + + + + + 

/sthmolithus recurvus 0.04 060 0.11 1.80 1.66 1.47 0.64 0.17 025 

Number of counted specimens 220 296 461 332 421 407 465 606 590 

delta 18·0 (% ) ·0.3 0.0 ·0.7 0.0 00 0.2 00 ·0.6 ·0.1 

delta 13-C (% ) 1.9 1.9 1.6 22 22 2.1 2.0 1.3 2.0 

Carbonates (%) 40.9 41.3 45.0 32.0 35.6 39.0 47.1 47.6 41.6 

Tab. 2: Percentages of calcareous nannofossil taxa, stable isotope data for bulk carbonates and carbonate 
percentages in Sarnples 1 - 19 from Uheitice Illa section andin Sarnples 20 - 22 from Uher~ice III 
section. + species present but very rare, - species absent. 
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independent, and because individual calcareous nannoplankton species may have broad 
ecologic optima. A graphical illustation oftaxa loading combinations for three factors was 
found very helpful. Fig. 8 plots the taxa loadings on factors F 1, F2 andF 4 in a3-dimensional 
graph. From this five taxa groupings were obtained, indicated by different symbols on 
the graph. 

The group of taxa designated with a triangle [small Noelaerhabdaceae (i.e. small 
Reticulofenestra and Dictyococcites spp.), Blacldtes spinosus, Rhabdosphaera tenuis, 
Dictyococcites hesslandii,D. daviesii, Coccolithus pelagicus and Sphenolithus moriformis] 
characterize samples with highercarbonate content. Small Noelaerhabdaceae (= Prinsiaceae) 
are reported from high-productivity normal marine regions. The increased frequency 
of small Noelaerhabdaceae in higher carbonate content samples, may, however, also be 

10 11 12 13 14 15 16 17 18 19 20 20a 21 21a 22 
+ 0.04 0.03 0.02 0.02 0.03 

0.16 0.24 0.17 0.17 0.18 0.05 0.20 + 0.07 0.05 0.27 0.49 0.23 0.18 0.33 

0.16 0.24 0.35 0.17 0.18 0.09 0.30 0.98 0.15 0.05 6.53 12.43 3.72 1.80 0.45 

+ + + + + + + + + 
+ + + + + + + + + 

+ + + + + 
0.16 + + + + + 0.16 + + + + + + + 
3.80 2.44 2.59 3.87 2.74 4.46 2.58 3.58 1.86 3.03 5.76 6.54 6.00 5.62 3.52 

2.53 4.14 2.42 4.71 3.29 4.63 3.58 2.28 3.90 2.91 1.54 0.98 0.57 1.80 2.01 

+ + + + + 
+ + + 

+ + + + + + + + + 
0.02 0.02 0.17 0.17 0.18 0.02 0.02 0.02 0.30 0.12 0.04 0.03 + 0.02 + 

0.02 + + + + + 0.15 0.20 0.29 0.31 0.50 

+ + + + + + + + + + + + 
0.47 0.24 0.17 0.13 0.18 0.02 0.02 0.17 0.19 0.12 0.30 0.49 0.57 0.67 0.25 

+ + o.ss 0.16 0.74 0.90 2.27 

0.38 0.39 0.17 0.18 0.05 

+ + 0.17 0.17 0.18 0.05 0.19 0.17 0.02 0.01 + + + 
1.27 1.22 0.35 0.17 0.91 1.34 0.34 0.44 0.26 0.94 1.92 2.39 1.00 0.34 0.83 

6.80 8.28 4.49 5.22 6.95 6.95 6.76 5.38 3.16 6.18 8.83 5.89 3.72 6.74 5.29 

24.52 20.46 20.70 17.16 21.75 15.69 6.36 10.92 13.00 14.42 10.r5 1i.45 15.43 7.19 18.38 

1.58 0.97 1.38 2.19 1.10 0.36 2.58 1.63 1.67 1.82 0.38 0.98 0.15 1.12 0.76 

0.32 0.19 0.21 0.42 0.51 1.11 0.99 0.49 0.30 0.57 + + + 0.50 0.25 

48.57 44.08 59.69 53.68 54.67 55.44 64.02 63.37 62.76 59.14 54.15 46.47 56.60 60.02 51.86 

4.27 10.72 2.76 5.05 2.01 3.21 3.98 3.42 3.71 4.24 3.07 2.29 3.43 3.15 3.78 

3.01 4.87 3:45 5.38 3.29 4.28 4.57 4.72 6.68 4.36 4.61 6.54 4.57 7.64 8.31 

1.74 1.22 0.69 0.84 1.28 1.25 1.99 2.12 1.67 1.58 0.38 1.96 1.72 2.02 1.00 

+ 0.24 0.17 0.17 0.02 0.18 0.19 0.17 0.02 0.01 0.04 0.03 0.03 0.02 + 
+ + + + 

0.63 0.39 0.09 0.34 0.55 0.89 0.80 0.16 0.30 0.44 0.19 0.22 0.31 0.11 0.13 

632 411 580 594 547 561 503 614 539 825 260 306 350 445 397 
0.1 0.4 0.1 o.o 0.3 0.1 0.2 -0.8 -0.4 -0.1 ·1.4 ·1.4 ·1.2 ·1.2 ·1.3 

2.3 2.3 2.0 2.0 2.4 2.3 2.2 1.6 1.7 1.9 1.2 1.2 1.3 1.3 1.1 

30.5 38.5 43.4 44.3 40.4 34.9 34.9 45.8 36.5 42.3 42.9 ? 37.1 ? 41.5 
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affected by their vulnerability to dissolution. Rhabdosphaera and Blackites are also rare in 
samples with marked evidence of dissolution, and partially corroded central processes 
can be observed in less calcareous samples. 

Tue circle symbol includes several species occurring more frequently in near-shore 
waters: Pontosphaera multipora, Transversopontis pulcheroides, Zygrhablithus bijugatus 
and Dictyococcites bisectus. These species require increased nutrient contents and can 
tolerate greater variations in ecologic conditions (salinity and temperature changes, etc.). 
Tue other species of this group may also be tolerant of environmental changes. Higher 
tolerance of the genus Helicosphaera to water column stratification is inferred from 
the increases in abundance of H. carteri in Quatemary sapropel horizons of the Mediter
ranean Sea (CASTRADORI, in press). Chiasmolithus is more frequent at higher latitudes 
andin shelf sediments (BECKMANN et al., 1981). 

TA8. J F 1 F2 F3 F4 F5 F6 

Helicosphaera spp. 0.902 0.000 0.000 0.296 0000 0.000 

T.pulcheroides 0.901 0.000 0.297 0.000 0.000 0.000 

P.multipora 0.800 0.000 0.412 0.000 0.000 0.000 

Z.bijagatus 0.731 0.000 0.408 0.000 o.ooc 0.000 

delta 13-C 0000 -0.831 0.000 0.000 0.000 0.000 

delta 18-0 0.000 -0.754 0.000 0.000 0.000 -0.255 

B.spinosus 0.000 0.743 0.000 0.000 0.321 0.000 

Carbonates 0.000 0:701 0.000 0.000 0.000 0.000 

R.tenuis 0.000 0.693 0.000 0.417 0.000 0.000 

Noelaerhabdaceae 0.553 0.644 0.000 0.314 0.000 0.000 

D.daviesii 0.000 0.596 0.351 0.000 0.000 0.000 

D.hesslandii -0.302 0.564 -0.329 0.000 0.000 -0.282 

B.bigelowii 0.000 0.000 0.894 0.000 0.000 0.000 

C.altus 0.295 0.000 0.868 0.000 0.000 0.000 

C.tormosus 0.000 0.000 0.000 0.818 0.000 0.000 

Clausicoccus spp. 0.000 0.370 0.000 0.813 0.000 0.000 

/. recurvus 0.000 0.000 0.000 0.694 0.000 0.000 

P.crucifera 0.000 0.000 0.000 0.000 0.840 0.000 

T.obliquipons 0.000 0.000 0.000 0.000 0.829 0.000 

S.moriformis 0.000 0.347 0.000 0.264 -0.660 0.000 

R.umbilica -0.367 0.000 0.000 0.000 -0.593 -0.441 

L.minutus 0.000 0.000 0.298 0.000 0.000 0.828 

T.pulcher -0.339 0.000 0.000 0.000 0.365 0.742 

D.tanii +deflandrei -0.455 0.000 0.000 0.000 0.000 -0.661 

R.samodurovii 0.476 0.000 0.398 0.451 0.000 -0.299 

D.bisectus 0.455 0.000 0.000 -0.293 -0.416 0.000 

C.floridanus 0.408 0.000 -0.436 0.314 0.000 0.000 

C. oamaruensiS 0.349 0.000 0.000 0.000 -0.312 0.000 

C. pelagicus 0390 0.476 0.392 0.274 0.000 0.000 
EIGENVALUE 4.800 4.664 3.047 2.964 2.938 2.444 

Tab. 3: Varimax factor loadings of nannofossil taxa for Uhercice III data set (Samples 104 - 130a and 20 - 22). 
Loadings less than 0.250 have been replaced by zero. 
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Tue small squares indicate species blooming in periods of high nutrient inflows and 
tolerating considerable salinity fluctuations: Braarudosphaera bigelowii, Transversopontis 
obliquipons, Pontosphaera cruc1fera (this may be a preservational morphotype of 
T. obliquipons), Lanternithus minutus and Transversopontis pulcher. T. pulcher has an 
acme at the NP 21/NP22 boundary, when the effect of seasonally increased fresh-water 
influx first shows up distinctly. This. acme zone can be used to refine stratigraphical 
correlations in the region. 

The cross symbol indicates a group of taxa that are more abundant in the lower 
part of the Sheshory Marl. From the paleoecologic point of view, the group is 
heterogenous. lt includes both Coccolithus formosus which is more abundant at low 
latitudes, and Isthmolithus recurvus a high latitude species that is absent or rare at lower 
latitudes (BUKRY, 1978). 

TAB. 4 F 1 F2 F3 F4 F5 F6 

T. pulcheroides 0.913 0.000 0.000 0.000 0.000 0.000 

P. multipora 0.882 0.000 0.000 0.000 0.000 0.000 

Z. bi jugatus 0.811 0.000 0.000 0.000 0.000 0.000 

Helicosphaera spp. 0.718 0.000 0.000 0.000 0.268 -0.440 

C. altus 0.680 0.000 0.000 0.000 0.000 0.280 

R. samodurovii 0.540 0.299 0.513 0.430 0.000 0.000 

Noelaerhabdaceae 0.355 0.812 0.000 0.000 0.000 -0.269 

C/ausicoccus spp. 0.000 0.258 0.000 0.310 0.000 0.000 

D. daviesii 0.000 0.794 0.000 0.000 0.000 0.000 

B. spinosus 0.000 0.734 -0.310 0.000 0.000 0.000 

D. hesslandii -0.323 0.718 0.000 0.000 0.000 0.000 

R. tenuis 0.000 0.709 -0.267 0.000 0.000 0.000 

delta 13-C 0.000 0.000 0.881 0.000 0.000 0.000 

delta 18-0 0.000 0.000 0.874 0.000 0.000 0.000 

Carbonates 0.000 0.451 -0.619 0.000 0.000 0.000 

C. formosus 0.000 0.000 0.000 0.798 0.000 0.000 

/. recurvus 0.000 0.000 0.000 0.792 0.000 0.000 

S. moriformis 0.000 0.000 0.000 0.000 0.711 0.000 

C. oamaruensis 0.315 0.000 0.000 0.000 0.563 0.000 

P. cruciformis 0.000 o.ooo -0.421 0.000 -0.530 0.000 

R. umbilica -0.308 0.000 0.000 0.361 0.000 0.731 

D. bisectus 0.316 -0.279 0.000 0.000 0.270 0.582 

C. pelagicus 0.316 0.411 0.000 0.333 0.000 0.490 

C. floridanus 0.000 0.000 0.000 0.327 0.920 -0.307 

L. minutus 0.397 0.000 -0.400 0.000 -0.443 0.000 
EIGENVALUE 4.402 4.202 2.740 2.195 1.919 1.839 

Tab. 4: Varimax factor loadings ofnannofossil taxa for Uherfice llla dal.a set (Samples 1- 19). 
Loadings less than 0.250 have been replaced by zero. 
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Tue correlated occurrence of C.formosus and /. recurvus might reflect complicated 
inter-relations between temperature, fertility, CCD and dissolution resistance. Higher 
percentages of C.formosus may reflect higher temperature and lower fertility. At such tim es 
of lower productivity the CCD would tend to decrease. So, an increase in abundance of 
!. recurvus in the less calcareous horizons, where slight dissolution may be noted, may 
reflect higher dissolution resistance of the species . 
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Fig. 6: Bulk carbon:ite oxygen and carbon isotope records; carbonate content records; the second factor scores; 
and swn of Blackites spinosus, RIUJbdosphaera lenuis and small Noellaerhabdaccac standard scores; 
plotted against lithological column. of Uhereice III section. See Fig. 9 for lithological legend. 
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The third taxon in the group is Clausicoccus (labelled fenest on the graph). Its high 
correlation with C.formosus reflects the decline ofboth taxa in the upper part of the S heshory 
Marl where the first evidence of stratification is seen. Quantitative analysis of assemblages 
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Fig. 7: Changes in the factor score (run with the first six factors) of Samples 104-130a and 20-22 
from Uhertice III section. 
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in Samples 1-19 (the lowerbut not the lowennostpart ofthe Sheshory Marl) showed a high 
correlation between the genus Clausicoccus and Noelaerhabdaceae, R. tenuis,B. spinosus 
and carbonate content. This suggests that an increase in nutrients accompanying an 
invigoration of oceanic circulation at time of globalcooling may have been the primary factor 
responsible for the acme of Clausicoccus subdistichus and C. obrutus around the E/O 
boundary (in NP21 Biozone). Thedisappearancein theParatethysofC.fornwsus,/. recurvus 
and Clausicoccus during the Early Oligocene may be due to their low tolerance of the 
paleoenvironmental changes occurring then. These changes may include not only strong 
temperature lowering, hut also increased seasonality, decrease in salinity or increased 
nutrient supply. Eutrophication was considered tobe one of the detenninant agents of the 
Early Oligocene nannofossil extinctions by AUBRY (1992). 

Tue grouping of Discoaster tani, D. nodifer and Reticulofenestra umbilicus 
may characterize open-sea conditions - i.e. low nutrient content and nonnal salinity. 
In R. umbilicus the higher resistance to dissolution is also important. 

FIG. 8 
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Fig. 8: Three-dimensional graph of nannoplanklon taxa loadings on factors F 1, F 2 and F 4 for Uhercice III 
section. f'ive taxa groupings were obtained, each group is indicated by a different symbol (see text for 
discussion). fenest = Claus1coccus div. spec. 
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Examination of changes in the factor score of particular samples (Figs. 6, 7), show 
that carbonate content changes in Samples 104-123 correspond to changes in the calcareous 
nannoplankton assemblages. These changes, particularly expressed by variations in the 
second factor scores, can be interpreted as productivity changes. For Uher~ice Illa section, 
which was documented in detail, a general trend toward increasing carbonate content 
could be determined. Changes in the factor score in this set (Fig. 9) clearly reflect the 
differences between the two principal Iithologies, i. e. more calcareous ochreous and less 
calcareous greenish-grey marls, in Iower part of the Sheshory Marl. The alternation 
of these Iithologies is interpreted as reflecting productivity changes of the calcareous 
nannoplankton connected to the orbital cyclicity. 

Effects of dissolution clearly appear in Sample 122 and coccoliths are rare or almost 
absent in some horizons (Samples 124, 129). Coccoliths of the cooler-water species are 
more resistant to dissolution, and so predominate in dissolution-affected thanatocoenoses, 
apparently suggesting decreased temperatures (BERGER and ROTH, 1975). However, the 
increased content of boron sorbed onto illite in these horizons and the higher percentages 
of Quinqueloculina suggest that the greenish-grey less calcareous horizons were fonned 
during periods with moresaline bottom water,presumably generated by increased near-shore 
evaporation during warmer conditions. We believe these horizons were deposited during 
periods of increased temperature, restricted circulation, decreased nutrient inflows, and 
decreased coccolith production. Changes in pelagic carbonate production would have caused 
CCD fluctuations and led to selective dissolution of less resistant coccoliths during lower 
productivity periods. 

5. Stahle carbon and oxygen isotopes on bulk carbonates of tbe Sheshory Marl 

A. Methods 

Tue carbon and oxygen stable isotope analyses on the bulk carbonates of the 
Sheshory Marl were made in a Finnigan MA T 251 mass spectrometer. Samples of the bulk 
rock were scraped free of more weathered material around fractures. Carbon dioxide for 
analyses was produced by reacting the carbonate samples with 100% Hfü,. Analytical 
precision is better than ±0.1°/ 

00
• All isotopic data are referred to the PDB intenational 

standard. 

B. Results 

Results of isotopic analyses are Iisted in Tables 1 and 2. Tue following pattem was 
revealed: 

1. Values for ö110 range from -1.9 to +0.6°/ , for ö13C from -0.1to+2.60"/ . 
2. Tue ö•ao and ö13C values show a strong positive correlation ( correlation coefficient 

0.836) throughout the section. · 

Fig. 9: Plots of factor scores of Samples 1-19 (Uhertice llla section). In lhe upper plot (factor 1 scores plotted 
against factor 2 scores), lhe samples of one layer an: closed in ovals; lhe smoolh lines mark more 
calcareous ochreous layen, lhe dotted lines marlt less calcareous greenish-grey layen. In lhe lower plot 
(factor 1 scores plotted againsl factor 3 scores), lhe line divides the samples from less calcareous 
greenish-grey layen (upper lefl) and samples from more calcareous ochreous layen (down righl). 
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3.Increasing rock carbonate content correlates with negative shifts in both the 
513C values (correlation coefficient -0.588) and the 5110 values (-0.411). 

4.Above the Sheshory Marl, a general negative trend in both the 5110 and 513C 
values is seen. 

5.Sarnples 128a and 130a represent material from silty to finely sandy laminae 
scraped off Sarnples 128 and 130. The 51'0 values in Sarnples 128a and 130a are lower by 
0.9 and 0.4°/ oo' respectively. 

6. The samples taken near the surface seem to show slight enrichment in 16() and 12C 
compared with samples taken at depths about 4 m under the surface. 

C. Discussion 

The carbonate content of the Sheshory Marl originates predominantly from 
coccoliths, and its isotopic composition should reflect, at least in part, the physical 
pararneters of the photic zone. Simplistic interpretations of the isotopic data in tenns of 
environmental changes are, however, questionable. Tue complex effects of biologic 
fractionation during coccolith fonnation (DUDLEY et al., 1986) and diagenetic changes 
are liable to strongly influence the isotopic signal. So, careful analysis is needed to obtain 
the paleoenvironmental signal. 

Tue effects of diagenetic alteration on isotopic composition should be considered 
first. Samples with the lowest values both for 5110and 513C are typically the more lithified 
horizons with increased carbonate content (e. g. Sarnples 111, 116, and 121). In these, 
diagenetic overgrowth of calcareous nannofossils is noticeable in both electron and light 
microscopy especially on I sthmolithus recurvus and Coccolithus pelagicus (Plate 18/ 7, 8). 
Part of the correlation between 51'0 and Ö13C values can be explained by this dia
genetic effect. Similarly the negative shift seen in subsurface sarnples (point 6 above) 
may reflect epigenetic alteration of sediments. 

But, the observed differences in overgrowth cannot account for all the fluctuations 
in stable isotopes. Specifically, we believe that the pattem in the lower part of the S heshory 
Marls, i. e. altemation ofless calcareous greenish-grey layers displaying lower 51'0 and 513C 
values, and more calcareous ochreous layers displaiyng higher stable isotopic values, 
reflects an environmetal signal. The general decrease in 51'0 values during deposition of the 
Sheshory Marl is antithetical to the global trend which shows a maximum increase in 1'Ü 
in NP2 l Biozone (OBERHÄNSLI, 1986). Tue local trend in the Zdanice Unit is, therefore, 
difficult to explain as an effect of temperature change. The parallel trend of 51'0 and 513C 
values, an increase in productivity of the calcareous nannoplankton and the trend to 
stratification of the water column during the deposition of the Sheshory Marl suggest a 
common causal factor which could be increased influence of run-off waters. A restriction 
in communication with the open ocean and/or an increase in precipitation intensity could 
be the cause. Run-off waters characterized by low 51'0 and 513C values could change 
the isotopic composition of waters in the photic zone, and also be the source of nutrients 
and the cause of density stratification. 

In the lower part of the Sheshory Marl, irregular altemation of more calcareous 
ochreous layers, and less calcareous, greenish-grey layers is typical. Isotopically lighter 
oxygen and carbon in more calcareous ochreous layers, where higher productivity of 
calcareous nannoplankton is inferred, point to an incipient increase in the influence of run-
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-off waters. The higher values of 018() in the less calcareous greenish-grey layers may be due 
to heavy evaporation, during which lighter water molecules pass more readily to 
the gaseous state leaving the sea water enriched in heavier molecules. Higher 
equivalent boron values and the increased percentages of miliolid foraminifers m these 
layers provide supporting evidence of increased salinity. The fertility decrease manifested 
in these horizons may correspond to a partial return to the environmental conditions of the 
Upper Eocene green-grey clays underlying the Sheshory Marl. In these layers, the 
positive shifts of the 018() values may be also strengthened by selective dissolution of 
shallow-dwelling nannoplankton species (e. g. rhabdosphaerids). 

In the upper Sheshory Marl, where the banded layers with somewhat increased 
organic carbon contents first occur, the lighter 013C values may reflect growth of 
calcareous nannoplankton in astratified watercolumn. Developmentofthe stratification due 
to a continuing increase in run-off would influence not only the density structure of the 
water column but also the chemistry of the photic zone. This can account for the negative 
shift of both the o13C and 018() values in the upper Sheshory Marls. 

Tue decrease in 0180 values in Samples 128a and 130a indicate that the silty and 
fine-grained sandy material of these laminae could be transported by fresh-water, e. g. by 
flash floods. This is strongly supported by the occurrence of microsporangia fragments of 
water fems ofthe family Salviniaceae-Azollaceae in Sample 128a (KONZALOV A, 1991; 
KONZALOVA, PACLTOVA and KRHOVSKY, in print). Water fems of this family 
form dense covers on qpen bodies of calm fresh or brackish water. The sand laminae 
have been preserved due to the lack of bioturbation. 

The carbon and oxygen isotope analyses of the bulk carbonates of the Pouzdfany 
Marls and Dyn6w Marlstone (BUDILOV A, HLADIKOV A and KRHOVSKY, in print) are 
in good agreement with the supposed trend of paleoenvironmental changes. In thePouzdfany 
Formation deposited near-shore and near the sources of run-off waters, the 01'() values vary 
from -1.2 to -2.3°/ 00 and the 013C values from 0.9 to 0.2°/ 00. In the Dyn6w Marlstone, where 
lowered salinity is suggested by low diversity nannofossil assemblages and by presence of 
the brackish-water molluscs of the Cardium lipoldi Zone (KRHOVSKY et al., in print), the 
0110 values vary from -1.1 to -1.6°/00 and 013C values from 0.1to4.5°/„. 

6. Sbort-term cbanges in tbe paleoenvironmental conditions and tbeir possible 
relations to orbital cycles of tbe Milankovitch type 

A. Rhythmic lithological alternations 

Tue long-term trend of paleoenvironmental changes across the Eocene/Oligocene 
boundary and during the Early Oligocene observed in the deposits of the Pouzdfany and 
Zdanice Units is described above as a linear trend. This trend reflects: 

1. The beginning of isolation of the basins of the Northem European Tethys. 
2. Global climatic changes. 
3. Tectonic activity. 
Tectonic activity was related to development of a subduction zone between the 

flysch basins and the Central Carpathian Block, it affected the relief of the Bohemian 
Massif, and so the quantity, grain size and composition of clastic sedimentary input 
to the Pouzdfany and Zctanice Units. 
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Detailed investigation of the section revealed altemating beds a few centimeters to 
several tens of centimeters thick, that differ from one another abruptly in their lithology, 
geochemistry and paleontological content. There are several theoretically possible causes for 
these abrupt changes: 

1. Eustatic cycles of fourth- (0.1-1 Ma) and fifth-order (0.01-0.1 Ma). 
2. Climatic oscillations. 
3. Redeposition by turbidity currents. 
4. A combination of these in orbitally forced cycles of paleoenvironmental 

changes. 
Tue following is a brief discussion of these possibilities. 
1. Slight fluctuations of the sea level corresponding to high-order eustatic cycles 

do not directly affect the depositional conditions in the deep bathyal zone. They can, 
however, have indirect effects - in this case they could have affected the extent of 
communication of the gradually closing Paratethys with the Tethys, and so induced effects 
such as decreasing surface water salinity, increasing fertility, or fonnation of a poorly 
oxygenated bottom environment. 

When sea level is lowering, shelf deposits can be destabilized and transported into 
deep water. During the transportation by turbidity currents, continental slope deposits can 
also be locally removed. So, high-stand deposits will be preserved less often than low-stand 
deposits there. Stratigraphically provable cases of hiatuses that may have fonned this way 
include absence of the NP22 Biozone in the Pouzdfany - above the mill profile and the 
absence of the Dyn6w Marlstone and the overlying equivalents of the Rudawka, Futoma 
and Borek Nowy Members at Uher~ice and Velke N~m6ce sections. 

Forperiods, such as the latestEocene toEarly Oligocene, during which polarice-caps 
existed (ROBIN, 1988), fourth- and fifth-order eustatic cycles cannot be considered 
separately from the climatic oscillations. 

2. Climatic changes influence subaerial weathering processes, distribution and 
intensity of precipitation and hence also nutrient transport to the sea and phytoplankton 
productivity. Increased input of Si02 suggested by blooms of diatoms during the end of 
NP22 and NP23 Biozones corresponds, in our opinion, to transition from subtropical 
monsoonal to subtropical mediterranean type of climate. Shift of rainy period from summer 
to winter made transport of silica, released during kaolinization, possible. Changes in land 
relief connected with collision of the platfonn with the Carpathian Block also contributed 
to the high intensity of kaolinization. Tue extensive silicification of the Lower Oligocene 
continental deposits on the Bohemian Massif suggest land-derived origin of silica. Changes 
in oceanic circulation influencing distribution and productivity of plankton are also 
climatically driven, but it is difficult recognise them in the stratigraphical records of 
marginal seas. 

3. There is little likelihood that all abrupt lithological changes in the studied sections 
are the results of turbidity currents. Horizons with turbidity marks are rare in the Uher~ice 
section. Tue Pouzdfany and Zdanice units were deposited on the upper continental slope, 
where accumulations of thicker turbidite bodies are rare. 

4. None ofthe above mentioned causes can alone explain all the variations observed. 
A plausible model is, therefore, influence of different causes in orbitally forced cycles. 
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B. Orbital cycles 

Tue gravitational effect of the planets and the Moon upon the E.arth causes cyclic 
variations in the terrestrial orbit known as Milankovitch cycles. They include precession of 
the equinoxes ( with a frequency of 23 ka in the Quatemary), oscillations of the Earth 's axial 
tilt(41 ka) and variations in the eccentricity oftheEarth's orbit (100 ka, BENNETT, 1990). 
HOUSE (1986) indicates the following cyclicity for the presellt time: 19 ka (time of 
perihelion), 23 ka (precession of the equinoxes), 41 ka (tilt of the Earth's axis), 106 and 
410 ka (eccentricity of the orbit). Estimates of the periods of the above cycles are still 
rather vatjable. Tue Milankovitch cycles affect the amount of solar radiation incident on 
the Earth as well as its seasonal and latitudinal distribution. This seasonal and spatial 
insolation variability leads to climatic changes showing up in changing temperature, 
precipitation (BENNETT, 1990) or in rapid eustatic fluctuations of the ocean level 
(GOLDHAMMER et al., 1990). 

Long-tenn regular rhythmic altemations of limestones and marlstones or of marl
stones and claystones from various intervals of the Phanerozoic, have been explained as 
reflection of the Milankovitch cycles by numerous authors (e. g. EINSELE and SEILA
CHER (eds.), 1982). The models of paleoclimatic and paleoceanographic development 
explaining cyclic or rhythmic sedimentation pattems in the Mediterranean Neogene 
and Pleistocene (GUDJONSSON and van der ZW AAN, 1985; van der ZW AAN and 
GUDJONSSON, 1986; GUDJONSSON, 1987; ZACHARIASSE et al., 1989) are most 
interesting for understanding the changes in the semi-isolated to land-locked Solenovian 
Sea. In sedimentary sequences, however, irregular lithology changes can be found more 
frequently. In accordance with Sander's rule fonnulated by SWARZACHER (1975, fide 
GOLDHAMMERetal., 1990), absenceof simple cyclicity in the stratigraphical record does 
not necessarily indicate the absence of cyclicity in time. Interference of cycles of varying 
periodicity and amplitudes together with the imperfection of the sedimentary record can 
highly disturb cyclicity. The interference of cycles of variable periodicity can be identified 
by spectral analysis, but the influence of lhe imperfection of the sedimentary record can only 
be offset by using speculative models. 

Tue model interference of several cycles and their possible impact upon the 
lithological development of Mesozoic sequences were studied by, for instance, HOUSE 
(1985, 1986) and GOLDHAMMERetal. (1990). Of interest is theresultantof symmetrical 
oscillations and a regular long-tenn trend (HOUSE, 1985). This combination typically 
results in periods of rapid change followed by relative stasis. Such model curves can be 
interpreted, for instance, as changes in temperature, precipitation, sea-level, salinity or 
productivity in time. The sharp interfaces of the lithologically differing horizons in the 
Uher~ice section soggest that abruptly changing conditions were followed by langer 
periods of relative stability or slow changes, fitting this model. 

C. Analysis of tlze clianges in tlze studied sections witli respect to tlze possible 
influence of orbital cycles 

A generalized lithological section through the youngestEocene to Lower Oligocene 
of the Zd:inice Unit is depicted in Fig. 10. The generalized profiles should eliminate local 
irregularities in the sedimentary record (changes in sedimentation rate, erosion, dissolution, 
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etc.). A curve representing the influence of the oscillating conditions was constructed on the 
basis of evaluation of trends in paleoenvironmental factors.The curve was compared with 
the resultants of the interference of various combinations of cycles. lt fits best with the 
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interference of the linear long-tenn climatic trend with cycles of a periodicity of about 
20, 100 and 400 ka 

The excursions of this hypothetical curve to the right may correspond to periods of 
lower pelagic productivity, warmer climate, lower seasonality, lower influx of fresh water, 
higher sea-levels, and better communication with the open ocean. Excursions to the left, 
concordant with the long-tenn climatic trend, may correspond to periods of higher pelagic 
productivity, cooler climate, stronger seasonality, higher influx of fresh water, lower sea
-levels, and reduced communication with the open ocean. 

The cyclicity that modulates the long-tenn climatic trend was manifested most 
distinctly in the Menilite Fonnation. In the Sitbofice Member, sets of usually two or three 
chalk horizons, representing blooms of calcareous nannoplankton, rather regularly 
pointtotheinterferenceofcyclesofdifferentduration(KRHOVSKYandDJURASINOVIC, 
in print). Long-period cyclicity is clearly manifested in the Submenilitic Fonnation at 
the transition from the greenish-grey clays to the Sheshory Marl. On the basis of carbonate 
content we can identify there three intervals of gradually increasing calcareous 
nannoplankton productivity separated by low productivity intervals. 

Short-tenn changes in calcareous nannoplankton productivity were inferred, using 
our working hypothesis, in the basal horizons of the Sheshory Marls where more calcareous 
ochreous weathering marlstones altemate with less calcareous greenish-grey calcareous 
claystones and marlstones. In the Velke N~m~ice gas pipeline excavation where a complete 
section of the lower part of the Sheshory Marl was recently uncovered, twenty of these 
couplets were recognised in an about 8 m thick interval. Ca. 20, 000 year precessional cycle 
modulated by ca. 100,000 year eccentricity cycle can be tentatively supposed as forcing 
mechanics. Abrupt lithological changes between green-grey clays of the Submenilitic 
Fonnation and the Sheshory Marl and between the lower and the upper part of the 
Sheshory Marl (which is banded, brownish, with rusty sandy laminae) may reflect the 
ca. 400,000 year eccentricity cycle. 

7. Conclusions 

1. On the basis of the occurrence of Discoaster saipanensis and D. barbadiensis, 
the lower part of the Sheshory Marl of the Zdanice Unit (fonnerly called the Globigerina 
Marl) has been assigned to the Upper Eocene. In the Uher6ce III section, the NP20/NP21 
boundary is situated 5.5 m above the base of the Sheshory Marl. The Eocene/Oligocene 
boundary, which cannot be ex~ctly biostratigraphically detennined due to absence of 

Fig. 10: Idealized lithological profile ofthe Upper Eocene- Lower Oligocene of the Zdanice Unit plotted against 
geochronologic scale. The wavy curve represents inferred orbitally forced fluctuations of 
paleoenvironment.al conditions reflected in paleontological and sedimentologic record. Correlalion to 
geochronologic scale is after ages of nannofossil biozones boundaries and ages of sequence boundaries 
given by HAQ, HARDENBOL and VAll.., 1988, (see Fig. 3). The dashed line show generalized long- tenn 
trend to cooling (lower part) and slight wanning (upper part). The frame in the right shows hypo
thetical sum ofthree orbital cycles with different periodicities explaining short-time paleoenvironmental 
changes infem:d in the lower Sheshory Marl. 
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Hantkenina, is supposed tobe characterised by the first signs of decreased oxygen content 
at the bottom. Comparison with Velke N~m~ice - gas pipeline section shows that the 
lower part of the Sheshory Marl is not complete in the Uher~ice sections. 

2. Across the Eocene/Oligocene boundary and during the Early Oligocene, gradual 
changes took place in the nannofossil assemblages of the Pouzdlany and Zdanice Units. 
Characteristic of this long-term trend were changes relatable to increased nutrient supply 
and decreased surface water salinity. This is thought to have been due to simultaneous 
climatic and paleogeographical changes that gradually restricted the communication with 
the open sea, and finally caused the virtual isolation of the region in the early NP23 Biozone 
(BALDI, 1984). In the calcareous nannoplankton assemblages these changes are shown by 
changes in predominant species, by increasing relative abundances of tolerant species, 
decreasing diversity and by the primary absence of calcareous nannofossils in periods 
of maximal salinity decreases. 

3. Tue long-term trend in paleoenvironmental changes was overprinted by shorter
-term fluctuations, probably forced by Milankovitch type orbital cycles. Our model for the 
inter-relations of the lithology, the paleoenvironmental changes, and the orbital cycles is 
summarised in Fig. 10. Cyclicity of this type is most clearly shown by periodic blooms 
of low diversity assemblages of calcareous nannoplankton during deposition of the 
Sitbol'ice Member (probably time equivalent nannoplankton blooms were reported by 
NAGYMAROSY (1991) from the Paratethys in late NP23 and early NP24 Biozones). 

4. Carbonate-content changes in the Upper Eocene part of the Sheshory Marl have 
been interpreted as reflecting productivity changes in the calcareous nannoplankton. 
In the Uher~ice sections, the periodicity of these changes could not be established precisely 
due to their incompleteness. In the Velke N~m~ice section, twenty couplets arranged in four 
bundles of five suggest interaction of the ca 20 and ca. 100 ka cycles. So, the Upper Eocene 
part of the Sheshory Marl might represent one 400 ka cycle. Even if the carbonate
-content changes are presumed to be orbitally forced their relationships to orbital cycles 
cannot be unambiguously established due to their low regularity, the effect of diagenesis 
and tectonic activity. 

5. During sedimentation of siliceous rocks overlying the Dyn6w Marlstone seasonal 
changes in precipitation and nutrient inflows occurred. They can be interpreted on the 
basis of altemating dominant 8pecies in the phytoplankton assemblages. In periods of 
increased Si02 and fresh-water influx diatoms predominated while Dictyococcites ornatus 
bloomed during somewhat drier periods when Si02 was consumed by diatoms and salinity 
may have increased slightly. 
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PLATE 1 

SEM micrograph of rock fracture surfaces. 

Fig. 1: Braarudosphaera bigelowii (GRAN and BRAARUD, 1935) DEFLANDRE, 1974. 
Grey marl with light brown laminae. Sheshory Marl, NP21 Biozone. Uher~ice III, 
Sample 130/91. 5 200x. 

Fig. 2: C/ausicoccussubdistichus(ROTHandHA Y, 1967)PRINS, 1979,andCribrocentrum 
coenurum (REINHARDT,1966) PERCH-NIELSEN, 1971. Brownish grey lami
nated marl, Sheshory Marl, NP21 Biozone. Uher~ice 1, Sample 639 L. 5 200x. 
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PLATE2 

SEM micrographs of rock fracture surfaces. 

Light brown laminated marl, the upper Sheshory Marl, NP21 Biozone. Uhercice I 
trench, Sample 639 N. 

Fig. 1: Contact oflaminae dominated by small Noellaerhabdaceae (= Prinsiaceae)- above, 
and by large coccoliths, respectively. Differences in species composition of 
consecutive laminae are thought to reflect seasonal variations in nutrients and 
salinity of surface waters. Note isolated distal shield of Cocc;olithus pelagicus and 
the coccolith of the same speciesjustabove it (arrows) with weakly developed inner 
tube elements. 2 lOOx. 

Fig. 2: Isolated distal shield of Coccolithus pelagicus (W ALLICH, 1877) SCHILLER, 
1930, andReticu/ofenestra minutula (GARTNER. 1967) HAQ and BERGGREN, 
1978. lsolated shields of Coccolithus pe/agicus have been considered by various 
authors to be characteristic of samples influenced by dissolution. As shown in 
Fig. 1 (above), weaklydeveloped tubeelements (visible herealso inReticu/ofenestra 
minutula) may more probably lead to desintegration of shields in Coccolithus 
pelagicus. Weakly developed tubes that fall out easily were observed in coccoliths 
of modern species by KLEIJNE ( 1990). She supposed that low salinity and nutrient 
depletion of the surface waters were responsible for restricted coccolith formation. 
8 OOOx. 
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PLATEJ 

SEM micrographs of rock fracture surfaces. 

Ochreous marlstone, Subchert Member, NP22 Biozone. Sitboi'ice, excavation 
behind the playground, Sample 12/81. 

Fig. l: Helicosphaera compacta BRAMLETIE and WILCOXON, 1967, Coccolithus 
pelagicus (W ALLICH, 1877) SCHILLER, 1930, Cyclicargolithus floridanus 
(ROTH and HA Y, 1967) BUKRY, 1971, and Reticulofenestra sp. embeded in 
clayey matrix. 2 300x. 

Fig. 2: Slightly overgrown Coccolithus pelagicus (W ALLICH, 1877) SCHILLER, 1930. 
Tue circular base of a Blackites sp. is above in the middle. 4 OOOx. 
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PLATE4 

SEM micrographs of rock fracture surfaces. 

Light brown laminated marl with fish scales, Subchert Member, NP22 Biozone. 
Highway cut in Velke N~m6ce (19.380 km), Sample VN 19n6. 

Fig. 1: Contact of laminae dominated by small Noelaerhabdaceae (down right) and !arge 
coccolilhs (above left), respectively. See explanations for PI. 2/ 1. 800x. 

Fig. 2: Detail of the same fracture as in Fig. 1 (above). 2 lOOx. 
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PLATES 

SEM micrographs of rock fracture surfaces. 

Light brown laminated marl, Subchert Member, NP22 Biozone. Highway cut in 
Velke N~m~ice, Sample VN 19n6. 

Fig. 1: Lamina dominated by Dictyococcites bisectus (HA Y et al., 1966) BUKRY and 
PERCIV AL, 1971. All specimens of D. bisectus observed in this lamina have 
central areas incompletely covered by cover plates. This morphology was 
described as new subspecies Reticu/ofenestra bisecta ftlewiczii by WISE and 
WIEGAND in WISE, 1983. We consider these specimens with partly opened 
ccntral areas to be ecomorphotypes of D. bisectus in which ontogenetic 
processes of calcification were incomplete. 2 lOOx. 

Fig. 2: Rhabdosphaera vitrea DEFI...ANDRE in DEFI...ANDRE and FERT, 1954 is com· 
mon in laminae dominated by Dictyococcites bisectus (HA Y et al., 1966) BUKRY 
and PERCIV AL, 1971 formafilewiczii (WISE and WIEGAND in WISE, 1983). 
Coccoliths are covered in places by small grains of secondary calcite. 3 700x. 
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PLATE6 

SEM micrographs of bedding planes. 

Contact of brown marl and marine diatomite lamina. The upper Pouzdfany Marl, 
NP22 Biozone. Pouzdfany, Mr. Losa's wine cellar, Sample 12/91. 

Fig. 1: Zygrhablithus bijugatus (DEFLANDRE, 1954) DEFLANDRE, 1959,lsthrrwlithus 
recurvus DEFLANDRE, 1954, Ho/Odisco/ithus macroporus (DEFLANDRE in 
DEFLANDRE and FERT, 1954) ROTH, 1970, and Reticu/ofenestra cf. 
minutula (GARTNER, 1967) HAQ and BERGGREN, 1978. Note under-developed 
inner tube elements in Reticu/ofenestra cf. minutula. 5 500x. 

Fig. 2: Transversopontis obliquipons (DEFLANDRE in DEFLANDRE and FERT, 1954) 
HAY, MOHLER and WADE, 1966, Rhabdosphaera vitrea DEFLANDRE in 
DEFLANDRE and FERT, 1974, and Reticu/ofenestra spp. Fragments of diatoms 
are visible. 5 500x. 
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PLATE 7 

SEM micrographs of rock fracture surfaces. 

Fig. 1: Detail of 7 mm thick lamina of marine diatomite in the upper Pouzdfany Marl, 
NP22 Biozone. Pouzdi'any, Mr. Losa's wine cellar, Sample 12/91. 2 OOOx. 

Fig. 2: Brackish diatomite dominated by Melosira sp. The lower Uher~ice Formation, 
NP22 - NP23 Biozone. Pouzdi'any - "U ~fpku" trench, Sample 26/6. 1 600x. 
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PLATES 

SEM micrographs of rock fracture surfaces. 

Dark brown calcareous clay, Papin Beds, Du.kla Unit, eastern Slovakia, NP22 
Biozone. Bottom of creek, by the bridge in the southem part ofNechvruova Polianka village, 
Sample 11/81. 

Fig. 1: Hat opal grain supposed to originate from opal of one diatom frustule. The siliceous 
material migrated and covered up cocoliths laying under the opal grain. 850x. 

Fig. 2: Detail of the opal grain shown in Fig. 1 (above). 8 500x. 
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PLATE9 

SEM micrographs of rock fracture surfaces. 

Fig. 1: CoccosphereofDictyococcitescf.ornatus(MÜLLER, 1970)BYSTRICKA, 1979. 
TrueD. ornatus (seePI. 17/1,4, andPI. 21/9, 10) has more circularplacoliths. Tue 
morphotype in the micrographs is similar to Reticulofenestra locken' MÜLLER, 
1970. lt can be compared with specimens illustrated by BALDI-BEKE (1984, 
PI. 14). Tue most distinct difference - absence of inner tube elements, is supposed 
to be ecologically induced, and is the same as in Dictyococcites ornatus (see 
discussion in section on the Dyn6w Marlstones in the text). Calcareous diatomile, 
the lower Uhertice Formation. Pouzdfany - above the mill, Sample 7 n9. 11 OOOx. 

Fig 2: Dictyococcites cf. ornatus (MÜLLER, 1970) BYSTRICKA, 1979. Nanno-chalk, 
the Dyn6w Marlstone, NP23 Biozone. Moutnice, Sample 1/81. 8 300x. 
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PLATE 10 

SEM micrographs of rock fracture surfaces. 

Fig. 1: Silicified marlstone withDictyococcites ornatus (MÜLLER, 1970) BYSlRICKA, 
1979 and altered frustules of diatoms (cylindrical hollows with walls covered by 
cristobalite spherulites), may be Me/osira. Dyn6w Marlstone, NP23 Biozone. 
Mikulov, Sample 757 (coll. P. CTYROKY). 1 lOOx. 

Fig. 2: Rhombohedrons of secondary dolomite with pseudomorphoses after diatom 
frustules. Tue dolomitized horizon in calcareous diatomites, the lower Uher~ice 
Fonnation, NP23 Biozone. Pouzdfany - above the mill, Sample 1/81. 4 OOOx. 
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PLATE 11 

SEM micrographs of rock fracture surface. 

Laminated silicites above the Dyn6w Marlstones (possibly equivalents of the 
lower horizon ofTylawa Limestone of Scole Unit in Polish Carpathians), NP23 Biozone. 
Kl'epice, small outcrop behind a wine cellar about 200 m above the cemetery, Sample 5/84. 

Fig. 1: Alternation of thin laminae of chert (dark) and silicified nanno-chalk (light). Tue 
cocoliths were dissolved during epigenesis, only hollow moulds with imprints of 
coccoliths have been preserved (see PI. 12 and 13). Seasonal altemation of diatom 
blooms (cherts afterdiagenesis) andcalcareous nannoplankton blooms is supposed. 
Diatoms bloomed during the season when increased dissolved silica and nutrients 
were supplied by run-off. Blooms of calcareous nannoplankton are supposed at 
times when silica was consumed but content of nutrients was still high, salinity of 
surface water might be somewhat higher than at time of diatoms blooming. 370x. 

Fig. 2: Detail of chert lamina showing an undulated surface. 370x. 





PLATE 12 

SEM micrographs of rock fracture surfaces. 

Laminated silicites above the Dyn6w Marlstones (possibly equivalents of the lower 
horizon of Tylawa Limestone of Scole Unit in Polish Carpathians), NP23 Biozone. 
Ki'epice, small outcrop behind a wine cellar about 200 m above the cemetery, Sample 5/84. 

Fig. 1: Imprints of monospecific assemblage of Dictyococcites cf. ornatus (MÜLLER, 
1970) B YSTRICKA, 1979 in one of the silicified nanno-chalk laminae shown in 
PI. 11. 1 600x. 

Fig. 2: Detail of margin of cherty lamina with voids after Dictyococcites cf. ornatus. 800x. 

166 





PLATE 13 

SEM micrographs of rock fracture surfaces. 

Laminated silicites above the Dyn6w Marlstones (possibly equivalents of the lower 
horizon ofTylawaLimestone of Scole Unit in Polish Carpathians), NP23 Biozone. Kfepice, 
small outcrop behind a wine cellar about 200 m above the cemetery, Sample 5/84. 

Fig.1: Dictyococcites cf. ornatus (MÜLLER, 1970) BYSTRICKA, 1979, imprint of 
proximal side in chert. Detail of nanno-chalk lamina shown in PI. 11. 5 OOOx. 

Fig. 2: Detail of cherty lamina with voids after Dictyococcites cf. ornatus and framboidai 
pyrite. 3 700x. 
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PLATE 14 

Figs. 1-4: Dictyococcites hesslandii (HAQ, 1966) HAQ and LOHMANN, 1976. 
1: Sheshory Marl, NP21. Uhertice III, Sample 122/91. 14 OOOx. 
2: Sheshory Marl, NP21. Uhertice I, Sample 639 D

2
• 9 500x. 

3: Sheshory Marl, NP21. Uhertice I, Sample 639 N. 14 OOOx. 
4: Sheshory Marl, NP21. Uhertice I, Sample 639 0

2
• 9 500x. . 

Figs. 5-8: Cyclicargolithusjloridanus (ROTH and HA Y, 1967) BUKRY, 1971. Sheshory 
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Marl, NP21. Uhertice I, Sample 639 L. 
5: 9 500x. 
6: Detail of specimen shown in Fig. 5. 35 OOOx. 
7: 9 500x. 
8: 9 500x. 





PLATE 15 

Figs. 1, 2, 4: Reticulofenestra samodurovii (HAY, MOHLER and WADE, 1966) ROTH, 
1970. Subchert Member, NP22. UherNce 1, Sample 640 F. 

1: 9 500x. 
2: 9 500x. 
4: 9 500x. 

Fig. 3: Reticulofenestra minutula(GARTNER, 1967)HAQandBERGGREN, 1978. 
Sheshory Marl, NP21. Uher~ice 1, Sample 639 N. 9 500x. 

Figs. 5-7: Dictyococcites daviesii (HAQ, 1968) PERCH-NIELSEN, 1971. 
5: Sheshory Marl, NP21. Uher~ice 1, Sample 639 N. 9 500x .. 
6: Sheshory Marl, NP21. Uher~ice III, Sample 122/91. 14 OOOx. 
7: Sheshory Marl, NP21. Uher~ice 1, Sample 639 L. 9 500x. 

Fig. 8: Reticulofenestra laevis ROTH and HA Y, 1967. Sheshory Marl, NP21. 
Uher~ice 1, Sample 639 L. 9 500x. 
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Figs. 1, 2: Dictyococcites sp. Subchert Member, NP22. Uher~ice I, Sample 640 F. 
1: 14 OOOx. 
2: 14 OOOx. 

Fig. 3: Dictyococcites daviesii (HAQ, 1968) PERCH-NIELSEN, 1971. Subchert 
Member, NP22. Uher~ice 1, Sample 640 F. 7 500x. 

Figs. 4, 5: Dictyococcites bisectus (HAY, MOHLER and WADE, 1966) BUKRY and 

4: 
5: 

Fig. 6: 

Fig. 7: 

Fig. 8: 
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PERCIV AL, 1971, formafilewiczii (WISE and WIEGAND in WISE, 1983). 
Subchert Member, NP22. Uher6ce 1, Sample 640 F. 
8 400x. 
9 500x. 
Reticulofenestra alabamensis ROTII, 1970. Subchert Member, NP22. Uher
~ice 1, Sample 640 F. 19 OOOx. 
Reticulofenestra umbilicus (LEVIN, 1965) MARTINI and RITZKOWSKI, 
1968. Sheshory Marl, NP20. Uher6ce III, Sample 111/91. 7 500x. 
Cluster of protococcoliths (?). Subchert Member, NP22. Uher6ce I, Sample 
640 F. 14 OOOx. 
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Figs. 1, 4: Dictyococcites ornatus (MÜLLER, 1970) BYSTRICKA 1979. Typical 
D. ornatus with subcircular outline. Specimens with more elliptical oulline 
(Figs. 2, 3, 5-8, this Plate) have been identified as !). cf. ornatus. See 
discussion in explanations to PI. 9. Calcareous diatomites, the lower 
Uher~ice Formation, NP23. Pouzdfany-above the mill, Sample 7n9. 

1: 16000x. 
4: 20 OOOx. 

Figs. 2,3,5-8: Dictyococcites cf. ornatus (MÜLLER, 1970) BYSTRICKA, 1979. Thc 
elliptical specimens have been distinguished from typical subcircular 
D. ornatus as cf. Both these forms are characterised by absence of inner 
tube elements. lt is supposed tobe an effect of specific ecology (lower sali
nity and/or high nutrient content). The elliptical forms are similar to 
Reticulofenestra lockeri MÜLLER, 1970, but lhey are smaller. 
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2, 8: Calcareous diatomites, the lower Uher~ice Formation, NP23 . Pouzdfa-
ny-abov.e the mill, Sample 1n9. 

2: 16 OOOx. 
8: 20 OOOx. 
3: Horizon of silicified marljust above nanno-chalk, Dyn6w Marlstone, NP23. 

Moutnice, Sample 1/81 A. 10 OOOx. 
5, 6: Nanno-chalk horizon, Dyn6w Marlstone, NP23. Moutnice, Sample 1/81. 

5: 14 OOOx. 
6: 35 OOOx. 
7: Silicified marlstone, Dyn6w Marlstone, NP23. Kl'epice, Sample 3/84. 

9 500x. 
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Figs. 1-4: Blackites spinosus (DEFI...ANDRE in DEFI...ANDREandFERT, 1954) HA Y and 
TOWE, 1962. 

1: Proximal view, the shield elements preserved. Subchert Member, NP22. Uher-
6ce 1, Sample 640 F. 14 OOOx. 

2: Central area, side view, the second cycle of elements preserved only. Subchert 
Member, NP22. Uhercice 1, Sample 640 F. 14 OOOx. 

3: Central area, proximal view. Sheshory Marl, NP21. Uhercice 1, Sample 639 L. 
19 OOOx. 

4: Central area, several broken elements visible to the right. Subchert Member, 
NP22. Uhercice 1, Sample 640 F. 19 OOOx. 

Fig. 5: Dictyococcites bisectus (HAY, MOHLER and WADE, 1966) BUKRY and 
PERCIV AL, 1971. Subchert Member, NP22. Uhercice 1, Sample 640 F. 8 400x. 

Fig. 6: Chiasrrwlithusoamaruensis(DEFI...ANDRE, 1954)HAY,MOHLERandWADE, 
1966, and Cyc/icargo/ithusf/oridanus (ROTHand HAY, 1967) BUKRY, 1971. 
Proximal view. Sheshory Marl, NP21. Uhercice 1, Sample 640 Dr 5 500x. 

Figs. 7,8: Coccolithus pe/agicus (W ALLICH, 1877) SCHILLER, 1930. Slightly over
grown specimens. Placoliths of C. pelagicus may be used for testing of 
recrystalization intensity (for interpretation of stable isotopes composition in 
bulk carbonates). Tue secondary calcite overgrowths are also easily recogni
sable in light microscope. 
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7: Thin layer of nanno-chalk, Sitboi'ice Member, NP23. Uhercice II, Sample 
642/E/91. 9 500x. 

8: Ochreous marl, S heshory Marl, NP20. Uhercice lila, Sample 17 /91. 9 500x. 
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Figs. 1, 3: Transversopontis pu/cher (OEFLANORE in OEFLANORE and FERT, 
1954) PERCH-NIELSEN, 1967. Tue upper Sheshory Marl, NP21. Uher
tice 1, Sample 639 N. 

1: 9 500x. 
3: 9 500x. 

Fig. 2: Transversopontis pulcheroides (SULLIVAN, 1964) BALDI-BEKE, 1971. 
Sheshory Marl, NP21. Uherl.':ice 1, Sample 639 L. 14 OOOx. 

Fig. 4: Pontosphaera discopora SCHILLER, 1925. Sheshory Marl, NP21. Uher-
tice 1, Sample 639 0

2
• 5 500x. 

Figs. 5, 6: Pontosphaera multipora (KAMPTNER, 1948) ROTH, 1970. 
5: Sheshory Marl, NP21. Uhertice 1, Sample 639 0

2
• 8 400x. 

6: Subchert Member, NP21. Uhertice 1, Sample 640 F. 8 400x. 
Fig. 7: C/ausicoccus subdistichus (ROTH and HA Y, 1967) PRINS, 1979. Sheshory 

Marl, NP21. Uhertice I, Sample 639 0
2

• 9 500x. 
Fig. 8: Helicosphaera compacta BRAMLETTE and WILCOXON, 1967. Sheshory 

Marl, NP21. Uhertice I, Sample 639 L. 5 OOOx. 
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Photomicrographs, all magnifications 2 500x. 

Figs. 1-3 : Dictyococcites hesslandii (HAQ, 1966) HAQ and LOHMANN, 1976 
(above) and Cyclicargolithusjloridanus (ROTH and HA Y, 1967) B UKR Y, 
1971 (below). Submenilitic Formation, below Green Clay, NP 19/NP20. 
Uhercice I, Sample 636 F. 

Figs. 4-6 : Cyclicargolithus floridanus (ROTH and HA Y, 1967) B UKR Y, 1971. 
4, 5 : Sheshory Marl, NP21. Uhercice I, Sample 639 L. 

6 : Sheshory Marl, NP21. Uheitice I, Sample 639. 
Figs. 7-10 : Dictyococcites hesslandii (HAQ, 1966) HAQ and LOHMANN, 1976. 

7: Sheshory Marl, NP21. Uheitice 1, Sample 639. 
8, 9 : Sheshory Marl, Velke N~mcice, Sample VN 3. 

10 : Sheshory Marl, NP21. Uhercice 1, Sample 639 L. 
Fig. 11: Reticulofenestra minutula (GARTNER, 1967) HAQ and BERGGREN, 

1978. Sheshory Marl, NP21. Uhercice I, Sample 639 L. 
Fig. 12 : Reticulofenestra dictyoda (DEFLANDRE in DEFLANDRE and FERT, 

1954)STRADNERinSTRADNERandEDWARDS, 1968. Submenilitic 
Formation, below Green Clay, NP19/NP20. Uhercice I, Sample 636 A. 

Figs. 13,18-20 : Reticulofenestra hillae BUKRY and PERCIV AL, 1971. 
13 : Sheshory Marl, NP21. Uhercice 1, Sample 639 H. 

18-20 : Pouzdl'any Marl, NP21. Pouzdrany - above the mill, Sample P 11. 
Fig. 14 : Reticulofenestra umbi/icus(LEVIN, 1965),MARTINlandRITZKOWSKI, 

1968. Subchert Member, NP22. Moutnice, Sample M 16ns. 
Fig. 15 : Reticulofenestra laevis ROTH and HA Y, 1967. Sheshory Marl, NP21. 

Uhercice I, Sample 639 H. 
Figs. 16, 17: Dictyococcites bisectus (HAY, MOHLER and WADE, 1966) BUKRY 
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andPERCIV AL, 1971. SubchertMember,NP22. VelkeN~mcice, Sample 
VN6n6. 
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Photomicrographs, all magnifications 2 500x. 

Figs. 1-3: Dictyococcites bisectus (HAY, MOHLER and WADE, 1966) BUKRY and 
PERCIV AL, 1971, formafilewiczii (WISE and WIEGAND in WISE, 1983). 
Subchert Member, NP22. Velke N~mtice, Sample VN 6n6. 

Fig. 4: Coccolithusformosus (KAMPTNER, 1963) WISE, 1973. Pouzdlany Marl, 
NP21. Pouzdfany - above the mill, Sample 2n5. 

Figs. 5, 6: Chiasmolithus oamaruensis (DEFI..ANDRE, 1954) HA Y, MOHLER and 
WADE, 1966. Sheshory Marl, NP21. Uhertice 1, Sample 639 L. 

Figs. 7, 8: Chiasmolithus altus BUKRY and PERCIVAL, 1971. Subchert Member, 
NP22. Velke N~mtice, Sample VN 5n6. 

Figs. 9, 10: Dictyococcites ornatus (MÜLLER, 1970) BYS1RICKA, 1979. Dyn6w 
Marlstone, NP23. Kfepice, Sample 2/81. 

Figs. 11,12: Clausicoccus subdistichus (ROTH and HAY, 1967) PRINS, 1979. Sheshory 
Marl, NP21. Uhertice I, Sample 639 L. 

Figs. 13,14: C/ausicoccusfenestratus (DEFI..ANDREand FERT, 1954) PRINS, 1979. 
13: Subchert Member, NP22. Velke N~mtice, Sample 6n6. 
14: Sheshory Marl, NP20. Velke N~mtice, Sample VN 3n6. 

Figs. 15, 16: Markalius inversus (DEFI..ANDRE in DEFI..ANDRE and FERT, 1954) 
BRAMLETTEandMARTINI, 1964.SheshoryMarl,NP21. VelkeN~mtice, 
Sample 3n6. 

Fig. 17: Cyclicargolithus luminis (SULLIVAN, 1965). Subchert Member, NP22. 
Uhertice 1, Sample 640 A

1
• 

Fig. 18: Cruciplacolithus tarquinius ROTH and HAY, 1967. Subchert Member, 
NP21. Moutnice, Sample M 15n5. 

Fig 19: B/ackitesspinosus(DEFI..ANDREandFERT, 1954)HAYandTOWE, 1962. 
Subchert Member, NP22. Velke N~mtice, Sample 5n6. 

Fig. 20: Coccolithus pe/agicus (W ALLICH, 1877) SCHILLER, 1930 (left) and 
C/ausicoccus subdistichus (ROTH and HA Y, 1967) PRINS, 1979. Subchert 
Member, NP22. Velke N~mtice, Sample 6n6. 

Fig. 21: Discoaster deflandrei BRAMLETTE and RIEDEL, 1954. Sheshory Marl, 
NP21. Uhertice 1, Sample 639 L. 

Fig. 22: Discoaster barbadiensis T AN, 1927. Sheshory Marl, NP20. Velke N~mtice, 
Sample3n6. 

Fig. 23: Orthozygus aureus (STRADNER, 1962) BRAMLETTE and WILCOXON, 
1967. Pouzdfany Marl, NP21. Pouzdlany- above the mill, Sample 2n5. 

Fig. 24: Lanternithus minutus STRADNER, 1962. Pouzdfany Marl, NP21. Pouzdfu-
ny - above the mill, Sample 2n5. 
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Fig. 1: 

Fig. 2: 

Fig. 3: 

Fig. 4: 

Fig. 5: 

Figs. 6,7: 

Figs. 8, 9: 

Figs. 10,11: 

Figs. 12,13: 

PLATE22 

Photom icrographs. 

Figs. 1, 2, 17-20, 23, 24: magnification 3 OOOx. 
Figs. 3-16, 21-23: magnification 2 500x. 

Transversopontis pu/cher (DEFI..ANDRE in DEFl..ANDRE and FERT, 
1954) PERCH-NIELSEN, 1967. Pouzdfany Marl, NP21. Pouzdfany - wine 
cellars, Sample P 13n5. 
Transversopontis pu/cheroides (SULLIVAN, 1964) BALDI-BEKE, 1971. 
Pouzdfany Marl, NP21. Pouzdfany - above the mill, Sample P 2n5. 
Transversopontis obliquipons (DEFl..ANDRE in DEFl..ANDRE and FERT, 
1954) HAY, MOHLER and WADE, 1966. Pouzdi'any Marl, NP21. 
Pouzdrany - wine cellars, Sample P 13. 
Transversopontis fibula GHETA in GHETA, POPESCU and LEU, 1976. 
Dyn6w Marstone, NP23. Kfepice, Sample 1/80. 
Transversopontis latus MÜLLER, 1970. Dyn6w Marlstone, NP23. Kfepice, 
Sample 1/80. 
Pontosphaeralatoculata(BUKRYandPERCIVAL,197l)PERCH-NIELSEN, 
1984. Subchert Member, NP22. Velke N~ml'.:ice, Sample sn6. 
Pontosphaera discopora SCHILLER, 1925. Sheshory Marl, NP21. Uher-
1'.:ice 1, Sample 639 L. 
Pontosphaera cruc1fera ROTH, 1970. Subchert Member, NP22. Velke 
N~ml'.:ice, Sample VN 1n6. 
Transversopontis cf. pul eher (DEFl..ANDRE in DEFl..ANDRE arid FERT, 
1954) PERCH-NIELSEN, 1967. Subchert Member, NP22. Velke N~mcice, 
Sample VN 6n6. 

Figs. 14-16: Helicosphaera compacta BRAMLETTEand WILCOXON, 1967. Sheshory 
Marl, NP21. Uhercice 1, Sample 639 L. 

Fig. 17: Pontosphaera rothii HAQ, 1971. Pouzdrany Marl, NP21. Pouzdrany- above 
the mill, Sample P 2ns. 

Figs. 18-22: He/icosphaera recta HAQ, 1966. 
18-20: Subchert Member, NP22. Velke N~ml'.:ice, Sample VN 18/76. 
21-22: Sheshory Marl, NP21. Uherl'.:ice 1, Sample 639 L. 

Figs. 23,24: Helicosphaera bramlettei MÜLLER, 1970. Pouzdfany Marl, NP21. 
Pouzdfany - above the mill, Sample P 2ns. 
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