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A b s t r a c t . Review of the biostratigraphy in the Lower and Upper Cretaceous 
and the Cretaceous-Tertiary boundary in the klippen belt of West Carpathians 
in Slovakia on the basis of rnicrofauna, macrofauna and microfacies. 

Up to present the s t rat igraphy of t h e Lower Cretaceous of t h e kl ippen belt 
of West Carpathians in Slovakia was based only on macrofaunistic, resp. li-
thologic and microfacial data (D. A n d r u s o v , 1959 a. o.). Foraminifera of 
the Lower Cretaceous were not studied. During t h e few last years t h e present 
author was dealing among others with collecting of samples from mar ly inter­
calations in limestones of the Lower Cretaceous (Valanginian to Aptian). At 
m a n y places there were found very rich associations of Foraminifers. It was 
proved on the basis of these associations t h a t it would be possible s trat i-
graphically to divide and characterize m a n y suites which u p to present were 
not more detailed divided. The majority of mater ia l descends from marls and 
marly slates, from which the microfauna was collected by current methods. 
P a r t of the mater ia l descends directly from limestones from which the micro-
fauna was gained by action of dilute solution of HC1. The first results of 
elaboration of the microfauna (Valanginian to Aptian) are presented in t h e 
first par t of this contribution. More detailed results together wi th paleontolog-
ical descriptions will be presented in the prepared larger publication. 

F u r t h e r we shall deal with biostrat igraphy of the Middle and Upper Creta­
ceous and t h e special at tention will be paid to the guestion of t h e Upper 
Turonian and Coniacian, which is in t h e present one of the most actual and 
important questions of the s t rat igraphy of Mesozoic of the kl ippen belt of West 
Carpathians in Slovakia as well as in t h e Alps-Carpathians system as a whole. 
The question of the Upper Turonian and Coniacian in this region is of extra­
ordinary importance as it is in connection with important tectonic questions. 
During this t ime period there was an action of t h e most important tectonic 
movements, the folding of the Alps-Carpathians system. 

During t h e last t ime we were dealing more intensively with this problem 
(V. S c h e i b n e r o v á , 1962) and we pay an extraordinary attention also in 
this contribution. 

1 Prom. geol. V. S c h e i b n e r o v á , Department of Paleontology of the Faculty of 
Natural Sciences of J. A. Comenius University, Gottwald's sq. 2, Bratislava. 
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The questions of t h e occurence of the Danian as well as the Cretaceous-
Tert iary boundary are also very interesting and on the basis of up to present 
research we may design t h e m as satisfactorily solved. Dur ing the last years 
it was found t h e Danian microfauna at m a n y places in the klippen belt 
(E. S c h e i b n e r - V . S c h e i b n c r o v á, 1961; J. S á l a j , 1962; J. S á l a j -
O. S a m u e l , 1961), as well as in the eastern part of t h e kl ippen belt in Za­
karpat ská Ukraj ina (O. S. V j a 1 o v, N. V. D a b a g j a n, S. O. K u I č i c k i j , 
1960). Micropaleontological results gained by mentioned authors are identical 
or nearly identical wi th t h a t gained in other regions of Europe. 

Biostratigraphy of the Lower Cretaceous (Valanginian to Aptian) 

In the kl ippen belt series the sedimentation of the Lower Cretaceous in the 
majority of series gradual ly passed from the Jurassic in deep-water facies. In 
some series (Czorsztyn, Haligovka-Klape, Manin series) there was an inter­
rupt ion of sedimentation of emersional character in various horizons of the 
Lower Cretaceous (partly in t h e Neocomian), the end of t h e Aptian and/or in 
t h e Lower Albian), after which began further transgression and continued 
sedimentation. Recently O. J e n d r e j á k o v á and J. S a l a j (1962) found in 
the bores m a d e in t h e vicinity of Mikušovce t h e occurence of the Neocomian 
microfauna (Valanginian to Hauterivian) which is regarded by the mentioned 
authors as belonging to the Czorsztyn series. This may testify that locally 
in t h e Czorsztyn series the sedimentation from the Jurassic to t h e Lower 
Cretaceous might continue without an interrupt ion. However, this Neocomian 
probably belongs to the Pieniny series. 

Most completely t h e Lower Cretaceous sequence is developed in the Kysuca 
series of t h e kl ippen belt and it was also more intensively studied (E. S c h e i b ­
n e r - V . S c h e i b n e r o v á , 1958). In the section of Rudina klippen occurs 
about 30 m thick suite of l imestones of "b iancone" type, slight grey coloured 
•with rich Calpionellas and Lombardias (Saccocoma). These limestones gradual ly 
pass from t h e Tithonian limestones. They are often spotted and contain m a n y 
cherts. F u r t h e r increases a n u m b e r of mar ly intercalations in which was 
found t h e Valanginian-Hauterivian microfauna. In the lower par t of the suite 
was found: Calpionella alpina L o r e n z, C. elliptica C a d i s c h, C. undel-
loides C o 1 o m, Tintinnopsella carpathica ( M u r g e a n u et F i l i p e s c u , 
T. oblonga (C a d i s c h), T. longa ( C o l o m), T. cadischiana C o 1 o m, Calpionel-
lites darderi ( C o l o m), Slenosemellopsís hispanica (C o 1 o m) and rarely Glo-
bochaete alpina L o m b a r d . Frequent ly occurs Nannoconus sp. Sedimentat ion 
in this series continued without an inter rupt ion into the Aptian-Albian and 
further into the Cenomanian and Turonian. In t h e dark grey to black slates 
occuring between the beds of slight cherty l imestones was found the micro-
fauna of the Barremian-Aptian. The characteristic microfauna of t h e Barremian 
is composed of the species: Tritaxia pyramidata R e u s s, Lenticulina incurvata 
( R e u s s ) , L. calliopsis ( R e u s s), L. subalata R e u s s, L. slovenica S c h e i b ­
n e r o v á , Discorbis wassoewizzi D j a f f a r o v a — A g a l a r o v a , Gavelinella 
complanala R e u s s , G. flandrini M o u 11 a d e, G. flandrini inflata S c h e i b ­
n e r o v á , G. carpathica S c h e i b n e r o v á . In the Aptian was found the 
folowing microfauna: Hyperamina gaultina T e n D a m , Reophax minutissimus 
P l u m m e r , Glomospira charoides ( J o n e s et P a r k e r ) , Trochamminoides 
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sp., Haplophragmoides concavus (Chapman), Ammobaculites subcretaceus 
C u s h m a n et A l e x a n d e r , Lenticulina miinsteri ( R o e m e r ) , L. ouachen-
sis S i g a 1, L. crepididaris ( R o e m e r ) , Spirillina minima S c h a c k o , Gave-
linella barremiana B e t t e n s t a e d t , G. rudis ( R e u s s ) , Epistomina ornata 
( R o e m e r ) , E. reticulata ( R o e m e r ) , E. caracolla ( R o e m e r ) , E. caracolla 
( R o e m e r ) , Globigerinella duboisi C h e v a l i e r , G. gottisi C h e v a l i e r , a. o. 

In the Pieniny series s. s. we observe similar series of the Lower Cretaceous. 
In t h e lower part occurs a suite of light l imestones of "b iancone" type which 
passes into light grey thin-bedded marly limestones with cherts a l ternat ing 
with the dark grey slates. It is very typical for the mentioned suite. Above the 
marly limestones occurs a suite of black, frequently siliceous limestones 
al ternating with black mar ly slates and green-black spotted limestones belong­
ing to the Aptian-Albian with planctonic and benthonic microfauna quoted 
in the par t dealing wi th t h e Middle Cretaceous. 

In t h e Czorsztyn series locally sedimentation gradually continued from t h e 
Tithonian as well as in already mentioned series (O. J e n d r e j á k o v á — 
J. S a l a j , 1962), however, there were emersions, in consequence of which in 
various stages of the Lower Cretaceous sedimentation was interrupted. On 
the corroded surface of the older stages of the Mesozoic (Malm) transgreded 
a suite of grey spotted slates of the Albian (see D. A n d r u s o v, E. S c h e i fa­
n e r, V. S c h e i b n e r o v á , J. Z e l m a n , 1959). The Lower Cretaceous of t h e 
Czorsztyn series was described in the Pieniny klippen belt (K. B i r k e n m a j e r , 
1957) and only locally at Považie and Orava. As Valanginian are regarded 
red and variegated slaty or nodular marly l imestones and marls with m a n y 
Globigerinas (about 70 per cent of the mass). Higher there were distinguished 
thin-bedded marly limestones wi th green and black cherts and green and black 
marls, frequently with little spots. They content Radiolaria and Globigerinas 
(Globigerinas and Radiolarian beds, K. B i r k e n m a j e r , 1957; or Rudina 
beds, E. S c h e i b n e r , 1958). Facially these beds resemble cherty limestones 
of t h e other klippen belt series and stratigraphically they represent the Valan­
ginian to Barremian. They pass into the Albian. 

The Neocomian of the Niedzica series is very thin (2—3 m) and it is re­
presented by cherty limestones. Higher there are black, green limestones and 
radiolarian cherts wi th plant fragments. Above these beds there are developed 
green spotted slaty marls with intercalations of black pyrite marls and marly 
limestones of 4 m thickness. Trehe was found in these beds Aucelina aff. gry-
phaeoides S o w . , Neohibolites minimus ( L i s t e r ) , Hamites aff. attenuatus 
S o w., H. aff. flexuosus ď O r b., which belong already to the Albian. 

In the Pruské series in the Váh valley the Neocomian is represented by 
a suite of light limestones (D. A n d r u s o v , 1945). Near Medné (west of Pu­
chov) on the Tithonian lies a l imestone breccia. Fragments of the last are 
composed of white massive limestones with Calpionella alpina L o r e n z, frag­
ments of Crinoids, Aptychi and fish teeth. Cement of the breccias is of white 
limestone character with Lamellaptychus seranonis ( C o q u . ) , L. angulocostatus 
atlanticus ( H e n n i g ) . This suite belongs probably to t h e Neocomian (Berias-
Hoterivian). The breccias represent an evidence of the transient emergence at 
the end of the Tithonian or beginning of the Neocomian, as well es in t h e 
Czorsztyn series. 

Series of the Lower Cretaceous of the Manin series is analogous with t h e 

9 Geologický sborník 
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Lower Cretaceous oí the High Tatric series. The Lower Cretaceous gradually 
passes from the Jurass ic (limestones with Calpionellas, M. M i š í k, 1957) by 
dark grey l imestones locally moderately marly wi th black cherts. The limestones 
frequently have pseudocolithic s tructure. Whole the character of the suite is 
deep-water, only in t h e u p p e r parts are traces of shallowing—presence of 
glauconite and grains of SiO^. The macrof auna [Neolissoceras grasi (ď O r b.)] 
is also of the Valanginian-Hauterivian character. At other places this suite is 
developed in form of slight grey l imestones and marls with Lamellaptychus 
seranonis (C o q u.) and Neocomites aff. neccomiansis ď O r b. and higher in 
form of black, dark grey fine-grained to massive cherty b i tuminuous limestones 
with irregularly straggled cherts. In the uppermost part of the Manin series 
occur massive l imestones frequently organogenous with fragments of Rudists, 
Orbitolinas, Algae and reef-making organisms, which correspond with t h e Urgo-
nian development of the Upper Neocomian (Barremian-Aptian). Between the 
Urgonian and Albian sedimentation was interrupted during t h e so-called Manin 
phase of emersional character (D. A n d r u s o v , 1959). 

At m a n y places in t h e ment ioned series of the klippen belt it was found rich 
microfauna of the Valanginian. It is composed- of the species as follows: Meandr o-
spira washitensis L o e b l i c h et T a p p a n , Ammodiscus tenuissimus (G ú m-
b e l ) , Tristix insignis ( R e u s s ) , Trochammina concava ( C h a p m a n ) , Lenti-
culina valanginiana B a r t e n s t e i n — B r a n d , L. múnsteri (R o e m e r), L. tri-
carinata (R e u s s), L. robusta (R e u s s), L. saxonica bifurcilla B a r t e n s t e i n — 
B r a n d , L. ouachensis ( S i g a l ) , L. cultrata ( M o n t f o r t ) , L. minutissima 
S c h e i b n e r o v á, Pseudoglandulina gracilis S c h e i b n e r o v á , Ellipsoglan-
dulina nuda S c h e i b n e r o v á , Globorotalites bariensteini intercedens B e t-
t e n s t a e d t. In the marly intercalations between the Hauter iv ian limestones 
in various series was found this association of Foraminifera: Glomospira pusilla 
( G e i n i t z ) , T.extularia gramen ď O r b i g n y, Valvulina conica P a r k e r et 
J o n e s, Ophthalmidium cf. longiscatum (T e r q u e m et B e r t h e l i n ) , Lenti-
culina caliiopsis ( R e u s s), L. aff. krzyzanowiensis S z t e j n, L. múnsteri (R o e-
m e r ) , L. striatocostata ( R e u s s ) , L. eichenbergi B a r t e n s t e i n — B r a n d , 
Ncdosaria sceptrnm R e u s s , Dentalina linearis (R o e m e r), Marginulina ro­
busta ( R e u s s ) , Gavelinella complanata R e u s s , G. intermedia B e r t h e l i n , 
Ěpistomina tenuicostata B a r t e n s t e i n — B r a n d, E. caracolla (R o e m e r), 
E. dainae M j a 11 j u k, E. spinulijera ( R e u s s ) . 

Biostratigraphy o} the Middle and Upper Cretaceous (Albian to Maestrichtian) 

In the deep-water developments and series of the klippen belt sediments of 
the Albian-Cenomanian sequence develope gradually from the Neocomian-
Aptian. The Albian is most frequently in t h e development of marly slates of 
grey colour, often spotted, with rich associations of planktonic Foraminifera: 
Hedbergella trocoidea ( G a n c l o l f i ) , H. infracretacea ( G l a e s s n e r ) , H. cre-
tacea ( d ' O r b i g n y ) , Ticinella roberti ( G a n c l o l f i ) , Planogyrina gaultina 
( M o r o s o v a ) , Rotalipora ticinensis ( G a n c l o l f i ) . Only sometimes occur red 
limestones (for instance in the Kysuca series at the right bank of river Kysuca 
near village Brodno). Locally, in the Czorsztyn series and Manin series we may 
observe in the Lower Cretaceous emersions, which were presented by an inter­
ruptions of sedimentat ion in various stages of the Lower Cretaceous. Therefore 
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the Albian is frequently transgressive, in form of green, grey slates and spotted 
marly limestones. In t h e cordillery series (Haligovka-Klape and Czorsztyn 
series) t h e Albian is frequently in t h e flysch development with rich associations 
of benthonic Foraminifera: Dorothia conulus ( R e u s s ) , Gabonella minor 
S c h e i b n e r o v á , Trochammina concava ( C h a p m a n ) , Haplophragmoides 
bulloides (B e i s s e 1), Ammobaculites subcretaceons C u s h m a n et A l e x a n-
d e r, Ammobaculoides whitneyi C u s h m a n et A l e x a n d e r , Quinquelocu-
lina sp., Lenticulina prima ( d ' O r b i g n y ) , L. múnsteri (R o e m e r), Ramulina 
spandeli ( P a a l z o w ) , Dentalina subguttifera B a r t e n s t e i n , Spirillina mi­
nima S c h a c ko, Discorbis wassoewizzi planus S c h e i b n e r o v á , Gavelinella 
rudis ( R e u s s ) , G. flandrini M o u 11 a d e, G. complata ( R e u s s ) , G. robusta 
S c h e i b n e r o v á , G. nosicensis S c h e i b n e r o v á , Epistomina spinulifera 
( R e u s s ) , E. ej. polonica S z t e j n, E. hechti B a r t e n s t e i n , B e t t e n -
s t a e d t , B o l i i, Globigerinella carpathica S c h e i b n e r o v á . 

The Cenomanian passes mostly gradually from the Albian. It is developed 
in form of marls, mar ly slates or fine to coarse grained sandstones with Exo-
gyra columba silicea L a m a r c k (in the Klape series) wi th intercalations of 
slates. The last beds pass in the uppermost parts into the Upper Cenomanian 
and Lower Turonian with large types of Exogyra columba. These sandstones 
are represented by t h e so-called Orlové beds. In lower parts of the Cenomanian 
the most frequent is an association with Rotalipora ticinensis (G a n d o I f i), 
Rotalipora appenninica ( R e n z ) . In the middle parts of the Cenomanian dis­
appears Rotalipora ticinensis (G a n d o 1 f i) and together with Rotalipora ap­
penninica ( R e n z ) occurs Praeglobotruncana delrioensis ( P l u m m e r ) . In the 
uppermost parts we find this association: Rotalipora appenninica ( R e n z ) , 
R. cushmani ( M o r r o w ) , R. deeckei ( F r a n k e ) , Praeglobotruncana delrioen­
sis ( P l u m m e r , P. delrioensis turbinata ( R e i c h e l ) . Only occassionally in 
this association occurs Praeglobutruncana helvetica (B o 11 i) and P. imbricata 
(M c r n o d) and P. oraviensis S c h e i b n e r o v á . 

The Cenomanian in t h e klippen belt passes gradually into the Lower Turo­
nian. It is built by mar ly slates and slaty marls of grey, green and red colours, 
often spotted, or by flysch beds wi th planctonic microfauna. 

In t h e Kysuca series the Albian is represented by the so-called Rudina beds 
(E. S c h e i b n e r, 1958). It is a suite of mar ly bedded limestones of grey, 
dark-grey or brownish-grey colours, distinctly spotted. Between these l ime­
stones there is an intercalation of red limestone. Between the beds of l imestone 
are intercalations of marly or siliceous slates of dark grey, green grey, black 
grey colours also spotted. In the u p p e r parts the slates predominate. In the 
l imetscnes are numerous pelagic microorganisms, Nannoconus sp., Radiolarias, 
Hedbergella cretacea ď O r b i g n y, H. injraeretacea G 1 a e s s n e r, Ticinella 
roberti ( G a n d o l f i ) . The last species occurs in the uppermost parts of t h e 
Rudina beds, which represent the Upper Albian. Higher predominate green 
grey, green, grey spotted slates with intercalations of massive spotted marls of 
the same colours. In t h e lewer par ts they contain Ticinella roberti ( G a n d o l f i ) , 
Rotalipora ticinensis ( G a n d o l f i ) which represent the Upper Albian and 
higher in the Lower Cenomanian they contain Rotalipora ticinensis and R. ap­
penninica ( R e n z ) . Above this transit ional suite we may distinguish about 
25 m thick suite of marls and mar ly slates of red, pink, grey colours often 
spotted with Rotalipora appenninica ( R e n z ) , R. deeckei ( F r a n k e ) , R. cush-
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mani ( M o r r o w ) , Praeglobotruncana delrioensis ( P l u m m e r ) , P. delrioensis 
turbinata (R e i c h e 1) of the Upper Cenomanian age, which was called Lalinek 
beds (E. S c h e i b n e r , V. S c h e i b n e r o v á , 1958). Above these beds lies 
a suite of red marly slates and marls which are al ternated with grey calcareous 
sandstones. The thickness is about 15 m. They contain: Praeglobotruncana hel­
vetica ( B o l l i ) , P. delrioensis turbinata ( R e i c h e l ) and are of t h e Lower 
Turonian age. These beds were called the Kysuca beds (E. S c h e i b n e r , 
V. S c h e i b n e r o v á , 1958). The uppermost suite of the Middle Cretaceous 
of t h e Kysuca series is a flysch suite composed of grey, dark grey marly or 
sandy slates, which are a l ternated with sandstones. On t h e stratification planes 
of the sandstones we observe m a n y traces of Gastropods (Paleobullia). In t h e 
slates were found: Globotruncana linneiana linneiana ( d ' O r b i g n y ) . The 
thickness is about 200 m. It was called as Snežnica beds (E. S c h e i b n e r — 
V. S c h e i b n e r o v á , 1958). All t h e Lower and Middle Cretaceous in the 
Kysuca series has a character of deep-water sediments. Only in t h e Turonian 
w e observe a shallowing of t h e sea. As an evidence of it serves an essentiality 
of detrit ic sediments (flysch beds and conglomerates) and t h e microfauna is 
of another character as in other series as we shall see further. 

In t h e Branisko series we m a y see t h e same sediments as in t h e Kysuca 
series. 

The Middle Cretaceous sediments in t h e Pieniny series are of t h e similar 
character as in t h e Kysuca series, they differs only in some details and thick­
ness of some beds. 

In the Czorsztyn series the Albian is represented by thin-bedded marly l ime­
stones wi th green and black cherts and by green and black marls, often spotted, 
which contain n u m e r o u s Globigerinas and Radiolarias, in upper parts wi th 
Rotalipora ticinensis (G a n d o If i). Above the Albian lies the Cenomanian 
in form of t h e so-called Globotruncana beds—green, grey or red marls with 
Rotalipora appenninica ( R e n z ) . These beds gradually pass into t h e red marls 
of the Lower Turonian with Globotruncana linneiana linneiana (ď O r b i g n y). 
The u p p e r p a r t of t h e Lower Turonian is built by t h e flysch beds of t h e similar 
character as t h e Snežnica beds in t h e Kysuca series. 

Very interest ing is unusual ly little thickness of t h e older beds of the Creta­
ceous in this series, which represents a geanticlinal series. In t h e Turonian, 
however, we may observe t h e deepening of the sea and the development of t h e 
pelagic sediments wi th pelagic associations of Globotruncanas, which differ 
from t h a t of t h e Pieniny series. More detailed dates about this microfauna see 
further. 

In the Niedzica series in Pieniny t h e Albian is built by green spotted slaty 
mar l s wi th intercalations of black pyri te mar ly slates and mar ly limestones 
of 4 m thickness. In these beds was found Rotalipora ticinensis (G a n d o If i), 
Aucelina aff. gryphaeoides S o w . , Neohibolites minimus ( L i s t . ) , Hamites aff. 
attenuatus S o w., H. aff. jlexuosus ď O r b. Above the Albian beds are deve­
loped beds of t h e Cenomanian-Turonian. 

At Orava we may find very interesting suite of the Middle Cretaceous. Such 
suite occurs near Zemianska Dedina and Krásna Hôrka west of Tvrdošín, in 
which was found Clavulina gaultina M o r o s o v a, Marssonella oxycona 
( R e u s s), Hedbergella infracretacea (G 1 a e s s n e r), Ticinella roberti (G a n-
d o 1 f i), Planogyrina gaultina ( M o r o s o v á ) and in thin (50 cm) intercalation 
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of red colour Leymeriella tardefurcata ( L e y m.) and other macrof ossils of t h e 
tardefurcata zone. As these macrofossils were found only in the mentioned th in 
intercalation we may suppose all t h e suite as the Albian. Above this Albian 
suite are developed variegated marls of the Cenomanian age with Glomospira 
charoides ( J o n e s et P a r k e r ) , Rotalipora appenninica ( R e n z ) , R. deeckei 
( F r a n k e). 

The Middle and Upper Cretaceous of the Pienidy series as a whole is charac­
teristic by little thickness. The majority of sediments is of pelagic character and 
probably a deep-water. In higher par ts is less deep-water mainly in the Ceno­
manian and Turonian. 

The Middle Cretaceous of t h e Manin series lies transgressively on t h e Urgo-
nian. It is of much more greater thickness and detrit ic development. 

During the years 1960—1961 was distinguished a new series in the kl ippen 
belt of Považie (E. S c h e i b n e r, 1961), which represents a series of the kl ippen 
Klape. It is of geanticlinal character wi th shallow-water development of t h e 
Lias, Dogger and Cretaceous. In the Albian of this series deposited flysch l ike 
sediments with sphaerosiderites, the so-called sphaerosiderites beds. They re­
present a suite of grey mar l s which are a l ternated with th in beds of grey 
calcareous sandstones and compose a f inerhythmic flysch. In these beds occurs 
a macrofauna: Inoceramus sp., Neohibolites minimus ( L i s t e r ) , Phylloceras sp., 
Kosmatella sp., Hypacanthoplites milletianus (ď O r b . ) , Puzosia mayoriana 
(ď O r b . ) , P. sharpei ( S p a t h ) , Turrilites sp., Lechites sp. and problematical 
traces n a m e d as Taonurus brianteus M a s s a l o g o . This macrof auna is from 
various horizons of t h e Albian. Microfauna found in these beds is composed 
cf t h e species (V. K a n t o r o v a et A n d r u s o v , 1958): Bigenerina compla-
nata ( R e u s s ) . Lenticulina miinsteri (R o e m e r), Epistomina spinulijera 
( R e u s s ) , Rotalipora ticínensis (G a n d o l f i) and others. Locally in connection 
with t h e sphaerosiderites beds we find 20 m thick beds of calcareous sand­
stones a l ternated with th in intercalations of marls. In these beds was found 
Neohibolites minimus ( L i s t e r ) and Glomospira charoides ( J o n e s et P a r-
k e r ) , Trochamminoides contortus ( G r z y b o w s k i ) , Ammobaculites subcreta-
ceous C u s h m a n et A l e x a n d e r , Clavulina gaultina M o r o s o v a, Lenti­
culina miinsteri (R o e m e r), Epistomina spinulijera ( R e u s s ) and others. 

In t h e Cenomanian it is developed a suite of t h e so-called Praznov beds 
(D. Š t ú r , 1860; E. et V. S c h e i b n e r, 1958) which represents a suite of 
fine-grained sandy slaty marls and mar ly slates of grey and greyish yellow 
colours locally with th in intercalat ions of sandstones. On the basis of micro-
fauna: Ammodiscus incertus ( d ' O r b i g n y ) , Marssomlla oxycona ( R e u s s ) , 
Rotalipora appenninica ( R e n z ) , R. deeckei ( F r a n k e ) , Praeglobotruncana 
delrioensis ( P l u m m e r ) , Hedbergella infracretacea ( G l a e s s n e r ) w e may 
regard t h e m as of Cenomanian age. In t h e lower part of t h e Praznov beds are 
intercalations of conglomerates and sanstones with Exogyra columba silicea 
L a m a r c k , remains of Corals, Orbitolinas and Radiolites. In the belt between 
Považská Bystrica and Orlové t h e Cenomanian is developed in t h e detrit ic 
fades of t h e Orlové beds and sandstones with Orbitolinas. The Orlové beds 
are composed of grey sandy marls with Gastropods and grey sandstones wi th 
calcareous cement wi th the macrof a u n a : Coelosmilia carpathica K i i h n , Exo­
gyra columba silicea L a m a r c k , Neithea quinquecostata S o w . , Protocardia 
hillana ( S o w . ) , Acanthoceras rhotomagense (D e f r a n c e ) . In t h e uppermost 
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part of the Orlové sanstones were found great forms of Exogyras which are 
probably of the Lower Turonian age. 

Near Považská Bystrica and Hrabové are developed the so-called Orbitolina 
sanstones with the Cenomanian types of this genus. 

The Turonian of the kl ippen belt is built by red or grey marls with micro-
fauna: Praeglobotruncana helvetica ( B o l l i ) , P. delrioensis turbinata ( R e i ­
c h e 1), P. renzi (G a n d o If i). P. oraviensis S c h e i b n e r o v á and P. oraviensis 
trigona S c h e i b n e r o v á, Globotruncana linneiana linneiana (ď O r b i g n y) 
on t h e one hand and on the other one with microfauna: Praeglobotruncana im-
bricata ( M o r n o d ) , P. hagni S c h e i b n e r o v á , Globotruncana sigali R e i-
c h e 1, Globotruncana schneegansi S i g a 1, Globotruncana linneiana linneiana 
( d ' O r b i g n y ) . To t h e last species in the Middle Turonian of the Czorsztyn 
series join some other species as Praeglobotruncana klausi S c h e i b n e r o v á , 
Globotruncana carpathica S c h e i b n e r o v á , Palmula elliptica N i 1 s s o n, 
Stensiôina pokornyi S c h e i b n e r o v á 

In the present t ime were found sediments of the Coniacian in the Czorsztyn 
series of the kl ippen belt, wi th which we shall deal in t h e next paper. The 
microfauna of the Coniacian, found by the author, is very typical for this 
stage and differs from that quoted by o ther authors working in West Carpa­
thians as Coniacian. In the Upper Cretaceous we may observe many heteropic 
and heterotopic facics. Sedimentat ion begins locally directly in fades of marls 
and slaty marls of grey, green or red colours and flysch-like facies with micro-
fauna composed of the species: Globotruncana linneiana linneiana ( d ' O r ­
b i g n y ) , Globotruncana linneiana tricarinata ( Q u e r e r e a u ) , Globotruncana 
ventricosa W h i t e , Praeglobotruncana concavata ( B r o t z e n ) , Stensiôina ex-
sculpta ( R e u s s ) , Aragonia sotchica ( K e l l e r ) , Textularia subhaeringensis 
G r z y b o w s k i and others. 

Sedimentat ion of t h e Santonian at m a n y places begins in the facies of exotic 
conglomerates, the so-called Upohlav conglomerates with intercalations of marls 
or sandy slates. In these marls and slates we often find redeposited microfauna 
of the Albian, Cenomanian and sometimes of the Turonian. Besides the conglo­
merates is developed flysch suite of t h e Santonian, localy named Upohlav beds, 
Pupov beds. Frequent ly occur also reefs with Hippurites, Corals and Algae. 

Sedimentat ion of the Santonian continues gradually into the Campanian in 
various facies: marly or marly-slaty and flysch-like, in conglomerates facies 
and mainly in the facies of variegated Globotruncana marls. Microfauna of t h e 
Campanian is very distinct and is composed of t h e species: Globotruncana lin­
neiana linneiana ( d ' O r b i g n y ) , G. linneiana tricarinata ( Q u e r e a u ) , Globo­
truncana area ( C u s h m a n ) , G. elevata elevata D a 1 b i e z, G. elevata stuarti-
formis D a 1 b i e z, G. ventricosa W h i t e ; frequent are also Stensiôinas: 
S. exsculpta ( R e u s s ) , S. dictyon P o k o r n ý , higher S. pommerana B r o t ­
z e n , further Textularia subhaeringensis G r z y b o w s k i , Reussella szajnochae 
( G r z y b o w s k i ) , Aragonia sotchica ( K e l l e r ) , Gúmbelina globulosa ( E h r e n -
b e r g ) and others. Together with this microfauna was found Belemnitella 
mucronata S c h 1 o e t h. 

As well as in the Campanian in t h e Maestrichtian we observe mainly marly 
facies, further flysch one and in the uppermost Maestrichtian near the Mae-
str ichtian-Danian boundary also sandy-clayey facies of similar character as 
in t h e Danian. The microfauna is frequently rich and it is composed of species 
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as follows: Globotruncana linneiana linneiana ( d ' O r b i g n y ) , Globotruncana 
linneiana tricarinata ( Q u e r e a u ) , G. stuarti ( L a p p a r e n t ) , G. conica 
W h i t e , G. contusa ( C u s h m a n ) , Praeglobotruncana havanensis (V o o r-
w i j k ) , P. mayroensis (Bo H i ) , Globotruncana saratogaensis A p p 1 i n, 
G. gansseri B o 11 i, Reussella szajnochae (G r z y b o w s k i), R. szajnochae elon-
gata L i e b u s et S c h u b e r t , Neoflabellina rugosa (ď O r b i g n y), N. rug osa 
caesata (W e d e k i n d), Stensiôina pommerana B r o t z e n, Pseudotextularia 
elegans R z e h a k , P. acervulinoides (Eg g e r), P. eggeri ( C u s h m a n ) . In the 
sandy clayey facies we find an arenaceous microfauna composed of strati-
graphically indistinct species: Glomospira charoides ( J o n e s et P a r k e r ) , 
Trochamminoides contortus ( G r z y b o w s k i ) , Dendrophrya sp. 

Biostratigraphy of the Danian and the question 
of the Cretaceous-Tertiary Boundary 

To t h e question of the occurrence of the Danian in t h e klippen belt of Carpa­
thians in Slovakia was paid an attention already in the past. As the Danian 
was regarded a suite of the so-called Zaskal breccias (D. A n d r u s o v, 1945) 
which occurs in two sections in Orava (northern Slovakia): at t h e right bank 
of t h e river Orava near Mokraď and in new section near Kňažia. Both the 
sections were studied also from t h e micropaleontological point of view 
(E. S c h e i b n e r —V. S c h e i b n e r o v á , 1961) and in fragments of breccias 
was found microfauna of almost all stages of the Middle and Upper Creta­
ceous and in cement the Santonian-Campanian microfauna composed of the 
species mentioned above. After deposition of the breccias continued the sedi­
mentat ion of marls and mar ly slates with sandy intercalations of the Upper 
Campanian and Maestrichtian. Thus these sediments we cannot further regard 
as Danian, but as interformation breccias of Santonian-Campanian age. 

Later, during the year 1958—1959, was found very interesting section near 
Stráža and Terchová (northern Slovakia, the vicinity of Žilina, see E. S c h e i b-
n e r —V. S c h e i b n e r o v á , 1961) where occur the breccias-like clayey sedi­
ments and organogenous limestones with spines of Echinoids of the Danian. 
In t h e Maestrichtian beds we found typical Globotruncanas and other Forami-
nifers [Globotruncana stuarti (L a p p a r e n t), Stensiôina pommerana B r o t-
z e n, Pseudotextularia elegans R z e h a k and others]. In t h e u p p e r parts of 
t h e last stage increaces a n u m b e r of arenaceous Foraminifera [Trochamminoides 
contortus ( G r z y b o w s k i ) , Glomospira charoides ( J o n e s et P a r k e r ) , 
Dendrophrya sp.]. Higher suddenly disappears microfauna of t h e Maestrichtian 
(mainly Globotruncanas) and together with mentioned arenaceous Foraminifera 
occurs Globorotalia conicotruncata S u b b o t i n a. In t h e mentioned sections 
sedimentation clearly ends after deposition of the Danian. The last stage is 
represented by its lower part, mainly. Upper parts of t h e Danian, resp. Montian, 
characterized mainly by three-chamber-Globigerinas is not developed in the 
mentioned sections. Similar conditions we may observe also at other places 
(see J. S a l a j , 1962) where in t h e lower parts occur together with redeposited 
Cretaceous types (mainly Globotruncanas) Globorotalia conicotruncata S u b b o-
t i n a Globigerina compressa P 1 u m m e r and G. varianta S u b b o t i n a . 

If we compare t h e mentioned dates wi th that obtained in other sections 
of the Maestrichtian and Danian at one of the type localities in Denmark and 
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Sweden (see F. B r o t z e n, 1959 and W. A. B e r g g r e n , 1982) we see quite 
an extesive facial and paleontological conformity. Some differences in the 
microfaunas are caused mainly by much greater and complete outcrops in the 
type regions. The competent sections in t h e klippen belt of West Carpathians 
after an interrupt ion of sedimentation were submitted to t h e erosion, to some 
degree. F u r t h e r sedimentation, as shows t h e majority of the sections, continued 
perhaps without an interrupt ion and developed the deposits of the Danian-
Paleocene sequence, as in t h e Gosau fades of Brezovské pohorie. 

Some notes to the microassociations of the Cretaceous 

Microbiostratigraphical research of the Cretaceous during the few last years 
considerably succeced so that in the present t ime it is possible to divide very 
exactly the Upper Cretaceous and as shows the present research of the author, 
also the Jurass ic and Lower Cretaceous. However, in some stages of t h e Lower 
and Middle Cretaceous there are some difficulties caused mainly by unsuffi­
ciently known microfauna of t h e competent stages all over the world. The 
difficulties are in the Aptian-Albian u n d Upper Turonian-Coniacian, which 
are to considerable degree complicated by facial variety, i. e. t h e variety of 
life conditions u n d e r which the pert inent microfaunas lived. Without respect 
to subjective interpretat ions of t h e important sections in nor thern Africa and 
in t h e sections w h e r e t h e results gained here were aplicated, there are some 
difficulties connected with the fact that there are associations with various 
planctonic species, but clearly of t h e same age. 

In the Aptian-Albian t h e problem is in parallelisation of t h e benthonic and 
planctonic associations, essentially the question of the strat igraphical value 
of Ticinella roberti (G a n d o I f i). Investigations of m a n y authors and the 
present a u t h o r too show, that Ticinella roberti occurs only in t h e Upper Albian 
and not earlier and/or later. 

In t h e Lower/Middle Turonian there is a question of parallelisation of two 
types of associations. On the one hand with Praeglobotruncana helvetica 
( B o l l i), P. delrioensis turbinata (R e i c h e 1), P. oraviensis S c h e i b n e r o v á , 
P. oraviensis trigona S c h e i b n e r o v á , Globotruncana linneiana linneiana 
(ď O r b i g n y), P. renzi (G a n d o 1 f i) and on t h e other one with Praeglobo­
truncana imbricata ( M o r n o d), Globotruncana sigali R e i c h e 1, Globotruncana 
linneiana linneiana ( d ' O r b i g n y ) . In current pract ice these two associations 
were regarded as of various stratigraphical value. The second association was 
regarded even as t h e Upper Turonian or Coniacian. More detailed studies showed 
that t h e first association wi th Praeglobotruncana helvetica ( B o l l i), P. delrioen­
sis turbinata ( R e i c h e l ) , group of P. oraviensis S c h e i b n e r o v á , P. renzi 
( G a n d o l f i) and Globotruncana linneiana linneiana (ď O r b i g n y) occurs 
inmostly in t h e Lower Turonian of the Pienidy series and developments, w h e r e 
in t h e Lower Turonian t h e district of sedimentat ion became shallower and the 
second association with Praeglobotruncana imbricata ( M o r n o d), P. hagni 
S c h e i b n e r o v á , Globotruncana sigali R e i c h e 1, G. linneiana linneiana 
( d ' O r b i g n y ) occurs in t h e Czorsztyn series (geanticlinal series as a whole), 
where sedimentat ion in the Lower Turonian was of pelagic character. Sedi­
mentat ion in t h e series of such character as the Czorsztyn series continued 
into the Middle Turonian when appeared some new species such as Globo-
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truncana schneegansi S i g a 1, Globotruncana carpathica S c h e i b n e r o v á , 
Praeglobotruncana klausi S c h e i b n e r o v á . In no profile these associations 
occur above each other, b u t in all profiles of t h e competent series always above 
t h e Upper Cenomanian. In both t h e types of t h e series the microfauna of t h e 
Upper Cenomanian is of t h e same character. In the Czorsztyn series some 
species of the second association pass into the Middle Turonian w h e r e occur 
with mentioned new, younger species. In t h e u p p e r par ts of the Lower Turo­
nian in t h e Pieniny series t h e most characteristic is t h e association with Globo­
truncana linneiana linneiana ( d ' O r b i g n y ) , G. linneiana tricarinata (Q u e-
r e a u). 

Except for t h e Turonian-Coniacian, where lithology is unsuitable for pre­
servation of macrofossils, in t h e majority of stages of t h e Cretaceous was 
found macrofauna (Ammonites) together wi th microfauna, so that it was 
possible to compare the macrofauna and microfauna. 

As t h e lithological character of the Neocomian in n o t suitable for preservation 
of microfauna (mostly limestones) only rare ly we may parallel t h e macrofauna 
and microfauna. In the Kysuca series together wi th microfauna mentioned 
above was found Crioceratites villersianum (ď O r b i g n y), Olcostephanus 
jeanotii jeanotii ( d ' O r b i g n y ) , Neolissoceras grasianum ( d ' O r b i g n y ) , Neo-
comites neocomiensis ( d ' O r b i g n y ) , Crioceratites duvali picteti ( N o l a n ) . 

In t h e Albian of t h e Manin series it was succeded a parallelisation of t h e 
microfauna with macrofauna: Puzosia communis S p a t h, Inoceramus concen-
tricus P a r k i n s o n , Neohibolites minimus ( L i s t e r ) . 

In t h e Cenomanian was found together wi th mentioned microfauna Acan-
thoceras rhotomagense ( D e f r a n e e ) , Exogyra columba silicea L a m a r c k , 
E. columba minor J o u r d y . 

At some places in t h e klippen belt it was found in connection with micro-
fauna association of reef-making organisms: Hippurites boehmi D o u v i l l é 
and corals Agathelia esperella R e u s s, Elephantaria linstroemi O p p e n h e i m , 
characteristic for t h e Santonian. 

The microfauna of the Campanian was found in the beds with Belemnitella 
mucronata S c h l o t h e i m . 

At the type locality of the Maestrichtian Gbelany beds together with t h e 
typical microfauna it was found Inoceramus inconstans W o o d s . 

At m a n y places was found a microfauna of the Cenomanian together wi th 
Orbitolinas: Orbitolina concava L a m a r c k , O. mamillata A r c h i a c, O. conica 
A r c h i a c. In t h e so called Orbitoids beds near Hrabové together wi th the 
Upper Campanian microfauna was found Orbitoides media ď A r c h i a c, 
O. apiculata S c h l u m b e r g e r (E. K ô h i e r , 1960). 

In the Danian beds with mentioned microfauna was found macrofauna of 
Echinoids, u p to present undetermined, but resembling Echinoids from t h e 
type localities of the Danian stage (F. B r o t z e n , 1960). (Enclosure 2.) 
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