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EVA HANZLIKOVA, ZDENEK ROTH!

REVIEW OF THE CRETACEOUS STRATIGRAPHY OF THE FLYSCH
ZONE IN WEST CARPATHIANS

PREHLED STRATIGRAFIE KRIDY FLYSOVEHO PASMA ZAPADNICH KARPAT

(Textfigs. 1-T7)

Abstract. Stratigraphy of the WValanginian-Cenomanian and Turonian-
Maastrichtian on the basis of microfauna, macrofauna and lithology.

I. VALANGINIAN TO CENOMANIAN IN THE CARPATHIAN FLYSCH ZONE

A. The foreland of the Carpathians

In the Bohemian massif, which represents the foreland of the flysch zone
in Moravia, there occur both fresch-water and marine Cenomanian deposits.
We have no paleontological evidence of the Lower Cretaceous in this region.
Because of the vast area of dry land (including the Bohemian massif) which
was exposed during Upper Aptian times, it is thought that to this age probably
belong cerlain redeposited products [rom red soils of the humid (northern)
subtropical zone (N. M. Strachov, 1962). These are known in central Mo-
ravia as the Rudice beds (J. Dvotak, 1960). They are of small extent, but
reach 100 m in thickness, and occur in the form of lenses intercalated with
similarly coloured fine-to medium-grained kaolinitic sandstones with siliceous
pebbles. The beds also contain fragments of cherts derived by the weathering
of the Malm limestones which form part of the substratum of the Rudice beds.
These beds fill up the karst depressions on the surface of the limestones. Be-
sides the Jurassic, the substratum of the Rudice beds is also composed of De-
vonian limestones. and the Jurassic rests on these transgressively. The junction
of the Rudice beds with the underlying limestones is frequently bordered by
limonitic iron ores which were formerly exploited. The Rudice beds are domi-
nantly sandstones, and their heavy mineral associations (kyanite, tourmaline,
zircon, rutile and staurclite) differ from those of the Jurassic limestones
(J. Kristek, 1959). It is clear that the Rudice beds originated from disinter-
gration materials transported from a wide region including the crystalline rocks.
They occur in the Moravian karst country north of Brno. Their age was not
determined on the basis of paleontology.

Transgressive fresh-water and marine Cenomanian beds pass by gradual
transition into locally transgressive marine Turonian to Coniacian of the Bohe-
mian massif; in Moravia these extend farther to the north. North-east of Opava
(near HnévoSice) the marine Coniacian lies {ransgressively on the Paleozoic
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(E. Hanzlikova, I.Cicha, J. Hercogowva, 1959). South of Cesky Tésin,
the Cenomanian or Turcnian to Santonian transgresses on to the Bohemian
massif (substratum of the Carpathians). This was found in a deep boring near
Oldtichovice (W. Petraschek, 1928). The drilling was situated 21 km south
of the outcrop of a moderately inclined thrust plane, which separates the Car-
pathians from the Bohemian massif. It passed through the Carpathian succes-
sion and probably aulochthonous Neogene to reach the Cretaceous beds at
a depth of 1076—1247 m. The latter are made up of “variegated” conglomerates
resting on Devonian (or Lower Carboniferous) limestones; they contain blocks
of the “Devonian” limestones and interlayers of “green” sandstones (1191—
1247 m depth). On these beds lie spotted calcareous mudstones with interbedded
conglomerates and (“green”) sandstone, with Exogyra columba Lam., Cyclo-
thyris plicatilis Sow. and fragments of Inccerami (1076—1191 m depth).

B. The Carpathian flysch zone (Textfigs. 1, 2, 3)

In further description and analysis we shall divide the flysch zone into post-
Paleogene stratigraphical-tectonic units. We have to point out that present in-
vestigations show (Z. Roth, 1962) that these units in the Cretaceous did not
exist as paleogeographically independent regions. Paleogeographical zones ol
similar character, and of the same age, are involved in various post-Paleogene
units. On the other hand, however, the Silesia-TéSnovice unit for instance, was
formed tectonically during the Paleogene and Neogene around thick Cretaceous
beds which represent a solid core.

From the exterior part of the Carpathians towards the interior, we know
the Hauterivian in the Subsilesia-Zdanice unit in Austria; the Valanginian to
Cenomanian probably in the pre-Magura unit (E. Hanzlikova, A. Matéj-
k a, in press) and the Valanginian to Albian in the Magura unit. In addition,
the Valanginian to Cenomanian of the inner klippen belt also belongs to the
Paleogene Magura unil. In the Central Carpathians also, the Valanginian to
Cenomanian sequence is known. However, we shall not deal with the Central
Carpathians and the inner klippen belt here. In the region of the Dukla folds,
Lower Cretaceous beds have not yet been found.

The Lower Cretaceous occurences in the post-Paleogene tectonic-stratigra-
phical units of the Carpathian flysch zone; considered from the external Car-
pathians inwards:

1. The Subsilesia-Zdanice unit

The Hauterivian is represented by dark-grey calcareous claystones underlying
transgressive Turonian. This was found by drilling in Austria near Niederhol-
labrunn (R. Grill, 1953). It is characterized by a rich microfauna (R. Noth,
1951), the benthos being represented by numerous specimens of Citharina,
Lenticulina and Trocholina; these resemble the fauna of the Tésin limestones
(which are, however older).

The Aptian to Albian in the Subsilesia-Zddnice unit is represented by silici-
fied limestones cccuring as fragments in a conglomeratic breccia in the Mo-
lasse-like Zdanice—Hustopece beds (upper Eocene to Lower Oligocene) which
form Babylon Hill near StraZovice (near Kyjov). These beds contain both
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Fig. 2. Thickness of beds in the Valanginian to Cenomanian of the flysch zone of Czecho-
slovak Carpathians. A — the typical flysch, B — the flysch-like beds, C — the non-flysch
developments. 1 — autochthon-Bohemian massif, 2 — Subsilesia-Zdanice unit, 3 — Silesia-
Tésnovice unit — TéSnovice section, 4 — Silesia-Té&3novice unit — Baska region of the
Beskid section, 5 — Silesia-Té3novice unit — Frenstat region of the Beskid section, 6 —
Silesia-Tésénovice unit — Té&in region of the Beskid section, 7 — Silesia-Té&novice unit —
Nydek region of the Beskid section, 8 — pre-Magura unit, 9 — Magura group — Cetechovice
region, 10 — Magura group — Cetechovice region, 11 — Magura group — Hluk region, 12 —
Magura group — interior klippen belt.
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Fig. 3. Distribution of the Valanginian to Cenomanian beds in the flysch zone of Czecho-
slovalkk Carpathians. St — Strazovice, C — Cetechovice, Z — Zdounky, K — Kurovice,
H — Hluk.
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macrofauna and microfauna (E. Hanzlik ova, 1955). These clastics form part
of the molasse of the Pyrenean tectonic phase which caused an interruption
of sedimentation in the Silesia-TéSnovice and Magura units of the flysch zone.
They will be described under the Silesia-Tésnovice unit.

2. The Silesia-Té3novice unit

This unit is divided on the basis of the development of the Lower Cretaceous

east of Kel¢) and the TéSnovice section (south-west of Kel¢).

a) The Tésnovice section (Table 1)

In the Té&novice zone of the unit we may distinguish fragmental Valanginian
to Albian. There is a great difference, partly evidently primary, in the thickness
of the Middle and Lower Cretaceous beds between the Tésnovice and Beskid
zones (Z. Roth, 1960, 1962).

We regard as belonging to the Valanginian to Hauterivian of the TéSnovice
zone black-grey calcareous claystones with sporadic up to 5 cm thick beds of
blue-grey colour, calcareous sandstones of irregular lamination. They contain
poverished Lower Cretaceous associations which may be compared with those
of the Tésin limestones and beds from Niederhollabrunn (samples from Kuro-
vice Nos. 1—6) (R. Noth, 1951). Among the benthos there are numerous repre-
sentatives of the genus Trocholina (Trocholina ex gr. infragranulate N ot h).
Lenticulina subalata (R euss), Citharing reticulate Ten Dam, Saracenaria
hauterivica Bart. et Brand, Involutina div. sp. The benthos is accompanied
by numerous spherical Radiolaria identical with those of the Tésin—Hradiste
beds.

These beds form part of the Silesia-Tésnovice unit which is in tectonic contact
with the klippen fragment of the Tithonian and Cretaceous of the Magura
unit near Kurovice (E. Menc¢ik, V. Pesl, 1960). Lithologically they belong
to the Tésin—Hradisté beds. The Zdounky “klippen” fragment in the Tésnovice
zone is regarded as a higher part of the Cretaceous of the Silesia-Tésnovice unit.

The older portion of the beds of the Zdounky fragment is composed ol light-
blue-grey silico-calcareous sandstones, fine- to coarsegrained, bedded to massive,
locally with fine-grained conglomerates or conglomeratic sandstones with
scattered pebbles and fragments (3—5 mm in diameter) of white-grey limestones
and black-grey to greenish-grey phyllites with Hibolites jaculum Phillips,
Duwvalia dilatate Blainville and Lamellaptychus didayi (C o q.). These sand-
stones include the Lower (and perhaps also higher) Hauterivian (D. Andru-
sov, 1959). They provided a microfauna composed of Radiolaria, identical
with that of the Hradisté beds, and scarce Ophthalmidiid Foraminifera (Table 1).
Lithologically they may be compared with the Chlebovice development of the
Tésin—Hradisté suite.

On the sandstones lie white-grey, yellowish, calcareous claystones of up to
2m in thickness, with interbeds of fine-grained calcareous sandstones with
pale mica and a microfauna; still higher there are beds of about 11 m thickness
consisting of intercalated light, dark-grey spotted (chondritic) calcareous clay-
stones with interbeds of spotted limestones (of 10—60 em thickness). Lithologi-
cally they resemble the Lhota and Baska beds (A. Matéjka, 1960). On the
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Table 1. The Silesia —Té3novice unil, the Téinoviece section

Valanginian

tmportant microfossils

Barremian
Cenomanian|

Tithonian
Hauterivian

Albian

Calpionella alpina Lorenz o l .. l |
Tinlinopsella carpathica (Fil. & Murg,) ss L. | i
Calpionella ex gr. elliplica Cadisch ss | .| .. | |
Radiolaria — Discoidea (pyritized) R < |
Trocholina ex gr. solecensis B, & P, e | kK| .| ‘ ;
Spirillinag minima Shacko ! R T | |
Trocholina infragranulala Noth | ol - | | . |
Tnvolulina sp. . | 2z | ' ‘ |
Citharina korneuburgensis Nolh i | ww | BB |
Lenliculina subalala (Reuss) Foa b st 28 | s | us | s |
Lenticulina miinsteri (Hoemer) ‘ | #2 | z= | 22 | 22 |
Lenticulina (A.) calliopsis (Reuss) ‘ | I 7% | 7z | 2w | 2n |
Lenliculina ex, gr. saronica B. & B, | I e we | 22 | 2. v |
Lenticulina (A.) scilula Berthelin | lvw | oo | 22 | 22 | 22 |
Rhizammina sp. | as ) owm | ww ‘ 2% | %% ‘ |
Bigenerina compacla (Ilenss) i | aE | s | 7z | ZE !
Haplophragmoides glomeraloformis Zaspil. v | x| oen | 7L | 22
Ramulina globulifera (Brady) bows | o ] s | e | 22| 22|
Frondicularia loryi (B.) . s | v | e | e | Z2 | 2R |
Bifarina calearala (Berthelin) [ [ .. | 55 |
Gyroidina globosa (Hagenow) I . 5 ss
Globigerina ex gr. infracrelacea Mjall. | | .5 | 88 ‘
Lenliculing gaulling (Bevthelin) | e l T | [ | |
Discoidea (Radiolaria) | s i o | | 72 |
Vaginulina sp. | ‘ | | 27
Globigerina globigerinellinoides Subb. I | | | 88 |

I
Ereplanations: s — Slrazovice — pebbles in the Terliary conglomerates, & — Kurovice —

black —grey claystones wilh sandstones, z — Zdounky — klippen fragment.

basis of microfauna the age of this suite is Barremian to Alpian (E. Hanzli-
kovain E. Menc¢ik, V. Pesl, 1956; D. Andrusov, 1959; A. Mateéjka,
1960). Most frequently occuring here are the species: Lenticulina ex gr. saxonica
Bart. et Brand, Lenticulina subalata (Reuss), less frequent is Bifarina
calcarata (Berthelin) (sample 40 R/9, 16 R/9a) (Table 1).

Fragments of sandstones, limestones and breccias with the Aptian to (Lower)
Albian microfauna and macrofauna which are known from the vicinity of
Kyjov, we regard as constituents of still younger members of the same suite,
but secondarily redeposited in the Zdanice—Hustopece beds (Upper Eocene to
Lower Oligocene molasse). The fragments occur in the eastern, northern and
western vicinity ol Babylon Hill near SiraZovice. Limestones, which are the
most frequent among the fragments, are white-grey, finely arenaceous. They
contain distinet or indistinct 2—4 ecm thick bands of bluish-grey cherts which
originated by secondary silicification. Rarely are found coarse-grained silico-
calcareous sandstones composed of siliceous grains and fragments of white-grey
massive limestones (to 0,5 cm in diameter). These pase into fine-grained calca-
reous calcareous breccia. Besides quartz, the clastic material of these rocks is
composed also of fine-grained organogenous limestone and sericitic chloritic
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phyllites. The limestone [ragments reach diameters of 5 mm and the phyllites
2mm, The limestones locally cotains numerous monaxon megascleras of sili-
ceous Sponges and like the sandstones, they were intensively silicified (Z. Rot h,
1962). Besides calcareous Foraminifera there were found here shells of lamel-
libranchiata. In the limestone E. Hanzlikova (1960) found Foraminifera
and Ostracoda of typical Aptian to Albian species. They are represented by
thin walled Globigerinas of the Globigerina infracretacea Glaessner group,
Globigerina globigerinellinoides S u b b. and benthonic species such as Gyroidina
sp. and Bifarina calcarata (Berthelin). J. Oppenheimer (1916) des-
cribed Acanthoplites bigoureti (Seuness) (of the lowermost Albian) from a
pebble of dark-brown (perhaps limonitized) limestone with numerous fragments
of phyllites from near Strazovice.

On the basis of stratigraphy and lithology these rocks are closely allied
to the rocks of the Baska beds. They dilfer [rom these beds mainly in their
content of frequent [ragments of sericite-chloritic phyllites. This character
makes them similar to the above-mentioned oldest beds of the klippen frag-
ments of the Zdounky Cretaceous. We therefore regard them as a specific
facies of the Baska beds in the Tésnovice zone of the Silesia-Tésnovice unit. Also
the frequent fragments ol the Tithonian white-grey massive limestones with
numerous species of Tintinnidae, namely Tintinnopsella carpathica (Murg.
et Filip.) together with abundant and typical Calpionella alpina Loren=z
(E. Hanzlikowva, 1955) are not known [rom the Baska beds of the Beskid
section of the Silesia-Té&novice unit. However, breccias of the Stramberk lime-
stone were found in the typical basal Baska beds, for instance in the vicinity of
Stramberk. They may serve as evidence that the Aptian and Albian fragments
in the Upper Paleogene molasse from StriaZovice did not come from the Cete-
chovice sedimentary district which is geographically nearer. In the Cetechovice
district the Tithonian grades into the Lower Cretaceous, whereas in the south-
western part of the unit, the Cretaceous is of a transgressive character.

The Lower and Middle Cretaceous of the Tésnovice section of the Silesia-
Tésnovice unit is represented by the Tésnovice—Hradisté suite of the Valanginian
to Hauterivian; the upper part (Hauterivian) in the Chlebovice development
displays a local special lithology. The Barremian to Aptian is made up of litho-
logically transitional beds, the younger constituents of which resemble to some
degree the Lhota—Bagka beds. The Aptian to Albian is composed of the special
lithological facies of the Baska beds. The thickness of the earlier Cretaceous
beds of the Té$novice section is, in comparision with equivalent beds of the
Beskid section of the Silesia-Té&novice unit (il it is visible) very small. The
specific character of the earlier Cretaceous in the TéSnovice section, besides its
reduced thickness, is the presence of [ragments of sericitic-chloritic phyllites
in the thicker parts of the suite. The whole thickness of the Lower Cretaceous
suite in the Téénovice development of the Silesia-Té$novice unit is more than
10 m. The thickness of the suite of the same age in the Baska development in
the Beskid section, is 700—800 m.

b) The Beskid section (Tables 2, 3)

The Beskid seclion is characterized mainly by a greater thickness of the
Lower and Middle Cretaceous. The Hauterivian to Cenomanian is lithologically
and biofacially differentiated into the Baska and Godula developments.
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Table 2. Silesia—Tesnovice unit — Beskid section, Godula development

HANZLIKOVA, ROTH

ITmportant microfossils

Tithonian

Valanginian

Hauterivian

Barremian

Aptian

Albian

Cenomanian

Radiolaria

Haplophragmium agglulinans (A'Orb.) Chapman

Spirillina orbicula Terquem & Berthelin
Trocholina solecensis B, & B.

Trocholina remesiana (Chapman)
Paalzowella feifeli (Paalzow)
Neobulimina varsowiensis B. & P.
Lenticulina (P.) erepidularis (Roemer)
Citharina radocoslala B. & B.
Lenliculina (M.) strialocostala (Reuss)
Trocholina sp. 111

Citharina pseudostriaiula B, & B.
Lenliculina quenstaedii (Giimbel)
Lenliculina subalala (Reuss)
Lenticulina bellenslaedti B, & B.
Trocholina sp. 11

Trocholina infragranulata Nolh
Pseudoglanduling humilis (Roemer)
Reophax neominulissimus B, & B.
Gaudryinelle hannoverana B, & B.
Lenticulina (A.) grala (Reuss)
Lenliculina wisselmanni Bellenstaedt
Badiolaria

Haplophragmoides cushmani L. & T.
Gandryinella sherlocki Bettenstaedt
Rigenerina minima Vasitek

Bigenerina nana Vasitek
Verneuilinoides subfiliformis Bellenstaedt
Haplophragmoides barremicus Mjalliuk
Nodophthalmidinm sp.
Hyperamminoides depressa (Vasicelk)
Gavelinella ex gr. barremiana Bell,
Bigenerina clavellala 1. & T.

Reophax minufus L. & T.
Spirophtalmidium sp.

Trochammina neocomiana Zaspélova
Recurvoides imperfectus Hanzlikova
Haplophragmoides coronus L. & T.
Haplophragmoides nonioninoides (Reuss)
Plectorecurvoides allernans Noth
Haplophragmoides spissum S, & W,
Trochammina rosacea Zaspélova
Duathysiphon brosgei Tappan
Silicispongia div. formae

Trochammina welleri S, & W,
Trochammina rulherfordi S. & W,
Dorothia filiformis (Berthelin)
Haplophragmaoides crickmayi S. & W,
Pelosina ef. complanala Franke
Haplophragmoides glomeraloformis Zaspél.

i hh
| hih

. hh
| hh

hh .
hh
hh
hih

hh

eh

(M8
ee
he
ee
eh
eh
eh
eh
e

i

1l
n
1
11
u
nn
11

——

lg

g

o
=1

o
=

£g

o
o



http://Haplophragmoid.es

FLYSCH ZONE CRETACEOQOUS STRATIGRAPHY 45

Continuation
-] =] =
—- = | = & b
= = = g
Important microfossils =2 o | B = = = £
=] g = A =)
= |l3|=s(g|=a|2]|E
= - jss it - - &
Haplophragmoides spirilense 8. & W, o
Trochammina nodosa Zaspél. e
Verneuilinoides perplezus 5. & W. s boww |oww |[RE
Dendrophrya sp. e Prew | s | o | o ] e 2
Saceammina sp. o i i v Wi .. | go
zehakina gaullina (Reuss) . .. . . e | e §oEE
Rzehakina epigona (Rzehak) g
Pernerina depressa (Perner) wal e

|
Explanations (Godula development): i — lower T#3in beds (Infravalanginian), v — Tesin

limestones and upper Teésin beds, § — Tédin— Hradisté beds, i — Hradisté beds, e — Velovice
beds, | — Lhota beds, g — Godula beds.

Table 3. Silesia—Tésnovice unit — Beskid section, Baska development (Baska region)

2 | 8 :
=| 2|2 |8 E
Important microfossils 2| 2|5 |E|les|g| g
E1513|8l5|8|¢
= I N B =V =
H |l | |a|la|a]|o
o |
Haplophragmium agglutinans (d'Orb.) Chapman kk | k. |
Haplophragmium neocomianum Chapman kk | k.
Spirillina orbicula Terquem & Berthelin kk | k.
Trocholina conica (Schlumb.) (Chapman) kk | k.
Trocholina remesiana (Chapman) kk | k. 1
Paalzowella ( Valvulina cuneiformis Chapman) kk | k. | ..
Lingulina nodosaria Heuss—Chapman kk | k. | |
Lentivulina bronni (Roemer) Chapman | kk | k | |
Lenticulina calva (Wisniowski) Chapman kk | k | |
Lenliculina gibba (A’Orb.) Chapman kk | k '
Lenticulina rolulata (Lamarck) Chapman kk | k.
Lenticulina cullrata (Montfort) Chapman kk | k.
Vaginulina truncata Reuss—Chapman kk | k |
Neobulimina varsoviensis B. & P. kk |kt
Lenticulina (Saracenaria) frankei (Dam) kL | Lt
Turispirillina amoena Dain 3 ] (KR 5
Lenliculina (P.) crepidularis Roemer " S A |
Involutina numismalis Terquem & Berthelin & Al 0 H el M
Spirillina div. spec. abnEE: |
Vaginulina kochii Roemer i tt |ttt
Trocholina sp. 11 S (1 = Y e
Lenticulina eichenbergi B. & B. el [ = o Bl %
Citharina rudocoslala 13, & 13, R I 7 T I
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Continuation
r [| & = =
- = = = =
la |2 | & | = =
Important microfossils = ‘ | E|E|s|g| &
2 = » ElE2 e =
S |3 = E B = =
E|S|Z2 8|83 |3
|
o ; . [, ]
Lenliculina (M. ) sirialocostala (Reuss) i Lt L.
Trocholina sp. 1 e | b ] b e
Reophax neominulissimus B, & B. S T 2 I T I
Lenticulina bellenstaedii B. & B. w o | ] R
Trocholina infragranulala Noth PRI I 1 S B '
Pseudoglandulina humilis (Roemer) e | e o] R LS
Gavelinella berthelini (Keller) SO, NPT I R I
Lenticulina (V.) korneuburgensis Noth S T B | e | s
Radiolaria s B CR I o TA) <) O ¢
Conorboides apliensis B, & B. an b e ] AR BEUL .
Bifarina calearala (Berthelin) .. .. .. .. cc | cc
Pseudoclavuling szakalli Hanzlikovia wi | o] e | osoi] 68} e | s
Gyroidina globosa (Hagenow) @ || ws | wer| wwd| ot Db | bb FI
Neobulimina minima Tappan | wa | o | +s ] ec|cb|bb|
Ramulina aculeala (A'Orb.) ol wel ool ..l ecc|eb|Dbb
Bigenerina clavellala 1. & T. wr | wa || ma ] | BE | 6D | e
Trochamminoides coronus L. & T. s | ws | ws | | e | b | Db
| Globigerina infracrelacea Glaessner pa | e | v || s e bbby i
Gilobigerina globigerinellinoides Subb, | bb | b. |
Lenticulina gaulling (Berthelin) | | o] BB v |
Daorothia filiformis Berthelin | ‘ wer| BB B
Bathysiphon brosgei Tappan || s ] s | ] s | BB | bl |
Pseuwdoclavulinag ganllina (Morozova) PR TP IO IRTTRON IO I o1 8 TR
Trochammina subbolinae Zaspélova . v | | e ve | «« | bb | bb
Atazophragminam lrochoidenm (Reuss) s | | e | sose] wee | BB| bh ‘
Rotalipora appenninica (Renz) ! bh |
Rotalipora monlsalvensis Mornod i bb |
Praeglobolruncana slephani (Gandolfi) | : bh 1
Gavelinopsis cenomanica (Brotzen) | | | . | bb |
Pernerina depressa (Perner) | S ‘ s I [ -] bb l
1 '
Erplanations: k — occurence in the Koptrivnice limestones, I — occurence in the Tésin—
Hradisté beds ol normal facies, ¢ — occurence in the Chlebovice beds, b — occurence in the

Bazka beds.

The Baska development is made up of the Chlebovice beds (locally lacking)
which are lithologically connected with the Tésin—Hradisté suite and occur in
the uppermost Hauterivian, and of the Baska beds (Upper Aptian to Cenoma-
nian). Genetically, the Baska development is connected with occurences of the
Tithonian limestones.

The typical constituents of the Godula development, different from those
of the Baska development, are the Verovice beds (Upper Aptian), Lhota beds
(Lower Albian), variegated Godula beds (Upper Albian to Cenomanian) and
ithe Godula beds s. s. (Cenomanian).

On the basis of relationship between the Lower Cretaceous and Tithonian
in the Beskid section, we may distinguish the western and eastern parts. In the
western part of the Beskid section (which extends east as far as the river
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Ostravica and includes the Baska and probably also the Frenstat regions), there
is a stratigraphical hiatus between the Tithonian and Valanginian limestones,
while in the eastern part (Tésin and Nydek section) the Tithonian grades into
the Valanginian. The hiatus between the Tithenian and Cretaceous in the
western part of the section probably corresponds to the upermost Tithonian
(V. Houé§ a, 1961). In the eastern part, the Tithonian lower Té&Sin beds grade
upwards into the Cretaceous.

H. Beck (1923) explains the regional absence of the lower Tésin beds in
the western part of the Beskid section by regional denudation between the-
Tithonian and Valanginian.

Besides the hiatus in the uppermost Tithonian, we may find traces of a fur-
ther hiatus in the Lower Valanginian, in the weslern part of the Baska section.
The tectonic movements are expressed also in the eastern part of the section
in the comparatively sharp contact between the younger (detrital) part of the
Tésin limestones and the older, muddy part (see E. Menc¢ik in Z. Roth,
1962 a).

In the Upper Valanginian and Lower Hauterivian differences between both
the western and eastern parts of the Beskid section are not so obvious. In the
Upper Hauterivian the differences appear again between the western and
eastern parts. Whereas in the western part, besides the Godula development,
there were deposited beds of the Baska type (similar to those of the earlier
Cretaceous in the Tésnovice section), in the eastern part of the Beskid section
the Godula development is dominant. It is represented by normal facies in the
Tésin region, and by the Nydek facies without variegated Godula beds in the
south (see A. Matéjka, Z. Roth, 1962 a). Eastwards into Poland, the normal
facies develops into the Lanckoréna facies (M. Ksiazkiewicz, 1951) and
the same time the variegated beds increase in importance. The Nydek facies
extends into Poland under the name Silesian facies (M. Ksigzkiewicz,
1951). The name of the Frydek facies we use here to avoid omissions. The
Godula development in the Nydek region dilfers from the normal development
not only in lacking the variegated Godula beds (replaced by the Ostravica
sandstone in the Nydek facies) but also by the appearance of the so-called
eastern facies of the Lhota beds, lithologically closely allied to the Verovice
beds (E. Men¢ik, 1960). The Godula beds s. s. reach in the Nydek region
their greatest thickness (about 3000m, E. Men¢ik in Z. Roth, 1962 a).

¢) The Godula development (Table 2)

The Tésin limestones occur in the earliest Cretaceous of the Godula develop-
ment in both the western and eastern parts of the Beskid section. In the eastern
part we may distinguish lithologically independent beds grading upwards from
the Tithonian lower Tésin beds into the Tésin—Hradisté beds. In the western
part thev form intercalations in the lower part of the Tésin—Hradisté suite.
More extended is the muddy facies of these limestones, which in the eastern
part reaches 20—30m in thickness. It is mainly composed of 2—500 cm thick
layers of marly limestone, light-grey and locally spotted with chondrites,
separated by 0,5—120 cm thick layers of white-grey calcareous claystones. The
upper part of the Tésin limestones of up to 90 m in thickness is composed of
detrital limestones, dominantly 10—180 cm thick layers of massive, grey, fine
to coarsely-grained limestones with pebbles of quartz and of the Stramberk
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limestone, and inlerbeds of 1—60 cm thick slaty sandstones and black-grey,
sandy, calcareous claystones. On the whole, the TéSin limestones are of the
Lower Valanginian age. Detrital upper TéSin limestones pass laterally and
vertically into the lower part of the Tésin—Hradisté suite (E. Menc¢ik in
Z. Roth, 1962 a). The macrofauna is composed of Crinoids, Echinoids, Bryo-
zoans, Lamellibranchiata (Exogyra, Lima, Pecten), Hibolites pistiliformis, Lamel-
laptychus sp., Hoplites goleszowiensis Sz a jn o ch a, Hoplites aff. perisphinctoi-
des Uhlig, Calpionella alpina Lorenz (in the lower part) (H. Frajova-
Eliasova in Z. Roth, 1962a; D. Andrusov, 1959). The microfauna is
composed mainly of Foraminifera and Ostracoda (about 40 species, Table 2);
it is of a shallow-water character, very similar to that of the reefal mud bio-
type. It is composed ol ornamented species ol Foraminifera which are closely
allied to those of the Hauterivian from Niederhollabrunn and to the Valan-
ginian faunas ol north-west Germany.

The Tésin—Hradisié suite, we may find in both the Godula and Baska develop-
ments. It is characteristic of the Beskid section of the Silesia-TéSnov unit in
the Upper Valanginian to Lower Aptian, but is exclusively in the Middle
Albian Baska development. The normal development is always in the upper
part of the Valanginian and Hauterivian, in the Barremian and Lower Aptian.
In the Baska development, however, only the upper part of the Tésin—Hradisté
suite is represented (the Chlebovice beds) which is uppermost Hauterivian
to Aptian and locally lower Albian in age (Z. Roth, 1962 a). Rarely, in places,
where in the Baska development of the Chlebovice beds is lacking, the normal
Tésin—Hradisté suite grades upwards into the Aptian of the Baska beds (locally
in the vicinity of Stramberk).

In the Godula development there occurs only the Tésin—Hradisté suite. It is
characterized by the prevalance of dark-grey calcareous claystones in inter-
calations of 2 to 700 c¢cm thickness. Some em thick interbeds of black, non-
calcareous claystones are characteristic of the uppermost part of the suite.
Sandstones are mostly very fine-grained, light-grey, calcareous and occur in
layers of 0,5 to a few dm thickness (the upper Tésin sandstones —E. Men ¢ik,
1960). Besides these beds, there are some intercalations from a few em to 10 m
thick of massive, medium to coarse-grained, locally conglomeratic light-grey,
calcareous sandstones (Hradisté-type). Thick layers (interlayers) of the Hradiste
beds occur in the Hauterivian of the Godula development of the Silesia-Té&3no-
vice unit. The uppermost part of the Tédin—Hradisté suite (Barremian to Aptian)
was originally regarded as the Velovice beds (Wesnsdorfer Schichten —H 6-
henegger, 1861). The suite contains, in the upper part, thin interlayers of
pelosiderites. They yielded Cephalopods (mainly Ammonites, Belemnites and
many Aptychi) and in sandstones of the Hradisté-type Lamellibranchiata, Gast-
ropoda, Brachiopoda and solitary Corals. Very rare are remains of fishes and of
one specimen of Reptilia. The microfauna is composed of Foraminifera and
Radiolaria. In the basal part, the microfauna is composed of 80 per cent calca-
reous species (Lenticulina, Spirillina). Higher up the number of specimens and
species of arenaceous and siliceous forms increases so that the upper part of the
suite contains exclusively agglutinated benthos, represented by the genera
Ammobaculites, Trochammina, Haplophragmoides and Verneuilinoides. The
plancton is composed of spherical Radiolaria, which increase in size and abun-
dance (from 0,3 mm to 0,6 mm); in the upper parts they are mainly pyritized.
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During deposition of the younger parts of the Tésin—Hradisté suite (Bar-
remian according to E. Hanzlikova and B. Smida in press) there occur
in the sedimentary district of the Baska and Godula beds subaquatic marine
effusions of bazic eruplives of the Tésinite volcanic formation, connected in
the deeper parts of the Silesia-Té&snovice unit with intrusives.

The Verovice beds (in the sense of Z. Roth and A. Matéjka, 1953) occur
only in the Godula facies of the Silesia-Tésnovice unit. They are connected by
gradual transition with the beds above and below. They are composed of black,
hard, non-calcareous claystones, locally with mica, sometimes occurring only
the form of lenses. From these beds only microlaunas are known with 15—20
species of Foraminifera. The microfauna occurs in continuous profiles only
in 2—5 per cent of samples (Table 2). The microfauna is of the Middle and
Upper Aptian so that it is stratigraphically equivalent with that of the upper
Verovice beds. Also the upper part of the Tésin—Hradisté suite (lithologically
very different) was formerly regarded as the Vetovice beds (see above).

The Lhota beds are mostly (especially in their older parts) of the claystone
character. The claystones are greenish-grey, black-grey, frequently spotted
with chondrites, non-calcareous (or calcareous), massive, with very fine mica.
They occur in layers, of a few em to some m in thickness, of fine to medium-
grained massive (sometimes irregularly leal-like) disintegrated, siliceous sand-
stones, with thin belts of dark-grey cherts mainly in the upper part (the Miku-
szowice facies). Besides the spiculae of Sponges they yielded Acanthoplites
bigoureti (Seuness), Inoceramus laubei Liebus, Inoceramus concentricus
Sow., Holaster leavis Agas. and a rich, exclusively siliceous, microfauna
represented by more than 20 species of Foraminifera, similar to that of the
upper parts of the Hluk Lower Cretaceous; also there are microfaunas from
Central Povolzie (the vicinity of Uljanovsk ete, E. Mjatljulk, 1939) (Table 5).
They correspond to the Lower and partly Middle Albian. The thickness of
these beds is 160—400 m.

The Godula suite we divide into the variegated Godula beds (the lower part
of the suite) and the Godula beds s. s. The suite grades up from the underlying
Lhota beds. So the top there is a sharp boundary with the Istebna beds (Maas-
trichtian).

The variegated Godula beds are characteristic of the Godula development
of the Silesia-TéSnovice unit, except for the Nydek region where they are
lacking. They are predominantly clayey, but in their upper parts, they are
mainly sandstone. The claystones are brown-red, grey-green, dark-grey, non-
calcareous, infercalated with coloured bands (from some to a few tens m in
thickness). These parts are separated by 0,3 cm to a few m thick beds mainly of
fine-grained, glauconitic siliceous sandstones of the Godula-type. They yielded
only a microfauna of siliceous and arenaceous Foraminifera. We suppose that
they are of Albian to Lower Cenomanian age (Table 2). Their thickness is from
0—350 m. Locally in the variegated Godula beds are lens-like portions (some m
thick) of sandstone to breccia-like character (the so-called Ostravica sandstones),
which in the Nydek region in the eastern parl of the Beskid section replace
the variegated Godula beds (E. M e n ¢ 1k, 1960).

The Godula beds are of a flysch character with intercalated layers of green-
grey to dark-grey non-calcareous claystones, partly fine-grained (1 em to
some m thick) and layers of sandstones (fine breccia-like conglomerates) (1 em

4 Geologicky sbornik
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to 4,5 m thick). In the western part of the region these beds are predominantly
clayey, in eastern part sandy. They always contain portions with the relations
between components reversed. They carry the fauna: Desmoceras? sp., Dentali-
num decussatum S ow. and a microfauna composed of about 10 species of are-
naceous and siliceous Foraminifera (Table 2). A rare species is Pernerina depres-
sa (Perner) quoted in the literature from the Cenomanian to Senonian
inclusively. The fauna on the whole is very rare (20 :100). It is of Cenomanian
age. The thickness of the competent beds with the fauna quoted is 60—1350 m.
They reach a maximum near the river Moravka (E. Men ¢ik, 1960).

B) The Baska development (Table 3)

As belonging to the lowermost Cretaceous of the Baska development we
regard breccias included usually in the Kopfivnice type of the Stramberk lime-
stones. It frequently rests on the Stramberk Tithonian limestone. It is repre-
sented by green-grey (locally red) calcareous claystones with fragments of lime-
stones carrying remains of Echinodermata and Brachiopoda and marly limesto-
nes locally penetrating into the massive part of the Stramberk limestone. From
the muddy Tithonian limestones it differs in being of a more clayey character,
and from the Upper Cretacecus beds by lacking the clastic quartz and mica.
The thickness of these beds is some m.

By the macrofauna (Pygope diphyoides d Orb., Pseudobelus bipartitus
Blainv.; H . Frajova-Eliasova, 1960; V. Hou§a, 1961) and micro-
fauna they represent partly an equivalent of the Té&sin limestones (E. Hanzl1i-
k ova, 1954) (Table 3).

The Tésin—Hradisté suite lies transgressively on the Stramberk limestones
especially on the breccias in the Baska development. In many places, it has the
character of the Chlebovice beds.

The Chlebovice beds of the Tésin—Hradisté suite are characteristic of the
Baska development of the Silesia-Tésnovice unit. They are typically developed in
the Beskid section. They are characterized by lens-like interbeds of the Chle-
bovice type conglomerate (with predominant fragments and pebbles of the
Stramberk limestone) and by marly parallel-laminated black-grey and light-
grey sandstones in interlayers of 3—50 em thickness. Both types of interbeds
are accompanied by a few c¢m to 150 em thick layers of grey calcareous claystones
with mica. They yielded Neohibolites cf. minimus and a microfauna most prob-
ably of the Aptian and Lower Albian age, with a redeposited microfauna of
Valanginian age. Radiolarian plankton is identical with that of the upper Baska
beds. Calcareous-agglutinated Foraminifera cccur with the following abundant
species: Ramulina aculeata d’ Or b., Bifarina calcarata (Berthelin), Bige-
nerina clavellata Loeblich and T appan, Neobulimineg minima Tappan,
Gyroidina globosa (v. Ha gen o w), Pleurostomella subnodosa (R euss), Pseu-
doclavulina szakalli Hanzlikova, Anomalina ex gr. ammonoides (Reuss),
Dorothia div. sp. Among others in this bed were found some species of Lenti-
culina known from the Lower Gault of northern Germany. England and other
places in the Hercynian region. The associations may be compared with the
Leymeriella zone of the northern Germany. The Chlebovice beds (and in places
where they are lacking also the normal Tésin—Hradisté suite) grade upwards
into the Baska beds.

The Baska beds are flysch-like, with predominating sandstones. The sand-
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stones (or sandy limestones) are light-grey fine- to medium-grained, calcareous,
in layers from 1,5—300 cm. They contain 0,2—5 cm thick beds passing into the
grey cherts, and further into abundant fragments of yellow-white calcareous
claystones with maximum diameters of 4 dm. Layers of sandstones (sandy lime-
stones) are separated by 0,2—300 cm thick intercalations of claystones of light-
grey-green, green-grey, brewn-grey, dark-grey-green colours, frequently with
spots and chondrites, non-calcareous, slaty beds and by layers (0,6—5 cm) of
solid grey marls. The beds yielded some Ammonites (probably Puzosia aff.
majoriana d"Orb., see L. Hohenegger, 1861) and a microfauna (Table 3).
In fragments near the northern margin of occurences of the Silesia-Tésnovice
unit (the Baska facies), north of Frydek-Mistek, instead of the Baska beds there
occur the Lhota—Baska facies characterized by a predominance of calcareous
spotted claystones of the Lhota type. It is accompanied by younger red clay-
stones of the Albian, so that it resembles the Godula development. We regard
1t as belonging to the TéSin region of the Godula development.

The thickness of the Baska beds in the Beskid section is about 500 m, that
of the Lhota—Ba&ka beds only a few tens of m. The Bagka beds are of Albian
to Cencmanian age, most frequently of the upper Middle Albian to Lower
Cenomanian. They are equivalent to the Lhota beds and the Godula suite,
lccally also to the Velovice beds of the Godula development in the Silesia-
Téincvice unit. They are in a quite evidently discordant position in relation to
the younger Palkovice beds (Lower Senonian). From the above it follows that
in the Silesia-TéSnovice unit we have two lithologically different developments:
the Baska and the Godula. However, both the developments are not always
separated by an obvicus boundary and in many places we see their lithological
affinities.

The Baska development is to some degree connected with the deeper part
of the same sedimentary basin as the Godula development, which was nearer
the shore bordered by the Tithonian limestones. The Baska development of
little thickness is characteristic for the south-western (Tésnovice) section of the
Silesia-Tésnovice unit and for the north-western region (Baska) of the Beskid
section. Another part of the Silesia-Tésnovice unit represents the Godula develop-
ment. In the scuth-western region (Frenstat) of the Beskid section the Godula
development is of comparatively smaller thickness and the Valanginian and
Hauterivian similarly, as in the neighboroughing Baska section they probably
lay transgressively on older beds. On the other hand, in the eastern part of the
Beskid section the Valanginian of the Godula development grades upwards
{from the uppermost Tithonian (lower Tésin beds). In the northern (Tésin)
region of the eastern part of the Beskid section the Godula development is of
nearly the same character as in the Frenstat region. Farther south (Nydek
region) the Godula development and the older Cretaceous of the Silesia-Té$no-
vice unit reach their maximum thickness and the variegated development of the
Middle Cretaceous is replaced by a thick suite ol sandstones.

C. The pre-Magura unit

To the pre-Magura unit (the fragments of which are recently described by
E. Hanzlikovd, E. Menc¢ik and V. Pesl, 1962), probably belong to the
Cenomanian calcareous claystones in the riverbasin of Smradlava. They contain
Rotalipora and Praeglobotruncana (E. Hanzlikova, A. Matéjka, in press).
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D. The Magura group (Tables 4, 5, 6)

The Lower Cretaceous may be found in all the separate units of this group.
‘'The last developed and known is the Lower Cretaceous in the Bystrica unit.
The most extended and most studied is in the White Carpathians-Orava unit
and particularly in nearklippen units of eastern Slovakia, to which other Meso-
zoic formations of the inner klippen belt belong. In the section of the Raca
unit, the Lower Cretaceous is paleontologically proved in the fragments be-
tween HoleSov and the northern outskirts of Kyjov. In the more northerly parts
-of the exterior margin of the Ra¢a unit, there are known only redeposited Creta-
ceous microfaunas in the Solan beds (personal communication of E. Hanz1i-
k ova). Without paleontological evidence, some authors regard some klippen
fragments in the overthrust zone of the Magura group as Lower Cretaceous
in age (A. Matéjka, Z. Roth, 1962 a). If we compare these occurences
lithologically with the Lower Cretaceous of this zone and neighbouring zones,
‘the Cretaceous age of the klippen fragments is very doubtful.

Table 4. Magura group — Cetechoviee region

Important microfossils

Tithonian
Viulanginian
Haulerivian
Birremian
Cenomanian

Albian

Calpionella alping Lorenz ce
Calpionella elliptica Cadisch ce
Tintinopsella carpathica ¥il. & Murg. o
Calpionella sp. Pokorny (o R
Radiolaria ce | cc | ..
Spirilling minima Shacko .¢ | cc | bk
Trocholina coniea (Schlumb.) el ee | .| s
Involulina sp. . jee | bk ..
Lenticulina (Planularia) crepidularis R. .. |lee | bb]| ..
Lenticulina eichenbergi B, & B. .. b.
Trocholina infragranulala Noth o ) e | B e
Haplophragmoides cushmani L. & T, ci | s | oun | e8] s
Haplophragmoides glomeraloformis Zaspel. el BT B B
Marssonella oxycona (Reuss) R A
Haplophragmoides spissum S, & W. x| s | s | e | B s
Glomospira gaullina (Berthelin) wi | o | s | e | e | K
Verneuilinoides spinilense 5. & W, s | ma A an | wa | sk | ms
Gyroidina globosn Hagenow »s A .. | 2k | ze
Bifarina calearata (Berthelin) o e | e | o0 | kz | 6.
Lenliculina gaultina (Berthelin) v | o o) s | we | 5B 6k ] as
Lenticulina (A.) seilula (Berthelin) v | ws | oes | wn | sz ek | k.
Frondicularia lorgi (Berthelin) & i% ol oo | k|l Re | Kk
Gilobigering ullramiera Subb. . . . . o kK
Bathysiphon brosgei Tappan I oo T oims o] sne || s || wne || K€
Denlalina div. spee. | mm | s | e | ws | K6
Vaginulina div. spec. S (=] R I B I )
Diseoidea — Radiolaria v | oam | owd f s ] s | Mo ] B

- 1
Explanations: ¢ — Cetechovice — Kklippen, k — Kurovice — fragment, £ — tectonic frag-
ments near Koryéany, & — pebbles (Paleocene) from Bélov (Chiiby).

1]
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Table 5. Magura group — Hluk region
= =1 I =
lzlE2 |2 |8 | =
| = = - o | =
Important mierofossils i 2| ®|E|E | = l = | g
lel &1 2128|8218
| 5 = = B et = =]
|E|S|2|8|%|3|8
P
. . —1 _____ -
Verneuilinoides neocomiensis (Mjatliuk) nih - | XX |
Bigenerina minima Vax. | s ~ | XX
Bigenerina variabilis \V as. b di SR I .l IEEOR
Haplophragmoides cushmani Loeblich & Tappan ' FOR A OO B = O e - g XX
Reophar minula Loeblich & Tappan Poeo e | oo | ox x| oo ..
Bifarina calcarala (Berthelin) [ | xx | x. o f
Hadiolarin — Discoidea [+ XX | X, 1
Glomospira gaullina (Bervthelin) | .. | XX | XX
Hyperamminoides depressa (VoS | I XX | xx
Ammobaculites luaevi Zaspilova | I [ R I
Haplophragmoides glomeratoformis Zaspélova | o e, e | XX | XX
Ammodiscus parvus Subbotina w0 | = e | XX N
Bigenerina clavellala 1., & T, | sen | oo | oo o f x| o
Lenticulina ex gr. subalala (Reuss) | P RN . e | XX | oxx
Globigerina ef. infracrelacea Glaessner | e - 2 s N xx
Trochammina nodosa Zaspitlova b o men ] o (] s ) we ] K
Trochammina rosacea Zaspilova 1 | XX
Balhysiphon brosgei Tappan | | NX
Verneuilinoides spirilense Stelek & Wall ’ 1 XX
Ramulina globulifera Brady } | XX
Lenticuling ef. macrodiscus (Reuss) | | | XN
Haplophragmoeides nonioninoides (Reuss) | o4 | | NX
Pleclorecurvoides allernans (N oth) | .. | | s L.l Nx
Necurvaides imperfecius Hanzlikovi | s | oo b oas | XX |
Dorothia filiformis (Berthelin) ‘ =o ! [ XX |
i

Occurences of the Lower Cretaceous in the Raca unit in Moravia (D. Andru-
s ov, 1927) were named by the paleogeographical expressions of the Cetechovice
sedimentary district. Near Cetechovice, light-grey marly limestones (weathered
blue-white) probably belong to the Lower Valanginian. On these, there lie con-
clomerates. These lenses, accordingly to V. Pokorny, contain Tintinnopsella
carpathica (Murg. et Filip) and Calpionella sp. (F. Chmelik, 1957)
(Table 4).

In the Paleocene beds of the more inner part of the exterior marginal zone
of the Magura unit, south-east Bélov in Chiiby Mnt., there was found a pebble
ol light-grey, calcareous claystone with a Hauterivian microfauna. Similar light-
brown-grey calcareous claystones with microfaunas of Barremian to Aptian age
were found in Chriby, as a tectonic fragment near the tectonic line bordering
a zone south-east of Cetechovice (A. Matéjka, 1960).

Near the fault (anticlinal zone of Salag, south-east of Stara Huf) occur
ochreous grey-brown, yellow-grey to white-grey, very fine sandy calcareous
claystones with a microfauna of Aptian age. Westwards in the same fault-zone,
south-cast of Koryc¢any, there are calcareous claystones sometimes with 12 em
thick layers of light-grey, dark-grey spotted calcarcous claystones with an
Aptian-Albian microfauna (E. Men ¢éik, V. Pesl, 1959) (Table 4).
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Tuble 6. Magura group — interior klippen belt
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As in the Upper Cretaceous east of Stupava, there are redeposited Forami-
nifera of the Albian and Cenomanian. A. Matéjka (1960) suggested that the
Cretaceous beds ol Lhe Cetechovice sedimentary district also contained these
stages.

To some degree, a dillerent lithological development is represented in the
Kurovice klippen [ragment north of the Cetechovice region. In the basal part
of this fragment, on the Neocomian of the Silesia-Tésnovice unit the Tithonian
massive to very fine-grained marly limestone is overthrust. This limestone
is white-grey and light-grey and alternates in layers of 10—50 em with cal-
careous claystones of the same colours, made up of 1 m thick layers. The beds
contain Radiolaria and Calpionella alpine L orenz. In thin intercalations there
appear locally bioclastic limestones made up of small fragments of Aptychi
and Radiolaria (D. Andrusov, 1959). In these beds were found Punctapty-
chus punctatus (Voltz), Lamellaptychus beyrichi (Oppel) and Lamellapty-
chus lamellosus (Park.).

The Tithonian beds grade upwards into green-grey slaty marls, in part
finely arenaceous which contain (accordingly to D. Andrusov, 1959) La-
mellaptychus mortilleti Pict. et Lory, and Lamellaptychus herthae (Wink.).
The uppermost portions contain more sandy constituents and interbeds of fine-
grained marly sandstones of 2—10 em thickness.
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Finely, in the Cetechovice sedimentary district of the Rafa unit on the basis
of fragments we may attribute to the Valanginian and Aptian, light brown-.
grey calcareous claystones (locally very finely arenaceous) to slaty limestones.
These afforded a microfauna of the Valanginian, Hauterivian, Barremian. The
Aptian to Albian is made up of grey calcareous claystones, sometimes with
12 em thick layers of light-grey, dark-grey spotled calcareous solid claystones.
These beds probably also contain the Cenomanian. On the whole they are of
about 100 m thickness, similarly to the suite of the same age in the TéSnov
section of the Silesia-T&&novice unit. In the Kurovice klippen, the Tithonian
limestones grade upwards into green-grey slaty calcareous claystones, partly
finely arenaceous, the uppermost portions of which contain layers of fine-grained
marly sandstones of 2—10 cm thickness. The thickness of these beds reaches
35 m. They correspond to the Valanginian to Aptian.

As is obvious from the above there are in the Cetechovice zone two, to
some degree lithologically different, developments. Both these developments are
connected with the Jurassic by gradual transitions. They differ in the colour
of the pelites and the thickness of suites. The southern one is of a greater
thickness, the northern one is more arenaceous.

Other sure occurences of the older Cretaceous of the Magura group are
known from the Bystrica and White Carpathians-Orava unit. Both the units
are characterized by various developments of the Lower Cretaceous of the
interior klippen belt. In the exterior portion of the south-west section of the
White Carpathians-Orava unit, occurs the Hluk development.

We shall not be dealing with development of the Lower Cretaceous in the
succession of the interior klippen belt (Table 6). We have to point out that their
sedimentation was attributed by D. Andrusov (1945, 1959), E. Scheibner
(1961) to the more southerly Pienidy sedimentary district and to the Czorsztyn
series lying south of the last district. In the Pienidy zone as in the Cetechovice
sedimentary zone, the Jurassic grades upwards into the Cretaceous. In the
Czorsztyn zone sedimentation at the beginning of the Cretaceous was inter-
rupted locally. The relationship with the Upper Cretaceous is not yet known to
the present authors.

In the Hluk region, in the tectonic fragment at the margin of the White
€arpathians-Orava unit, are known 120 m thick layers of the Barremian to
Albian. The oldeér portion of these beds is made up predominantly of black-
grey to black claystones, partly calcareous, locally finely arenaceous. In the
younger portions of the suite are frequent layers of grey-green and blue-green
claystones, alternating with black-grey intercalations. Some of the green-grey
beds bear dark-grey spots. Locally the occur layers of marly limestones and
white-grey and fine-grained siliceous sandstones, banded with glauconitic and
dark-grey laminae. In the uppermost portion of the suite spotted light-grey
to white-grey marly limestones predominate, rarely with cherts. These beds
carry rich, mainly siliceous Foraminifera and Radiolaria, predominantly pyrit-
ized. The species of this assemblage are similar to those of the Hradisté beds
(in the Barremian and Aptian), in the Albian to those of the Lhota beds
(Table 5). On these beds lies probably transgressively the Maastrichtian (Gbe-
lany beds).

The Hluk Albian corresponds in biofacies with the Albian development in
the borehole Gbely H-6 (situated near the northern margin of the interior
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klippen belt). A. Matéjka (1955, 1960) compared it lithologically with the
so-called Buntmergelserie from the klippen belt of Wienerwald. Abundant, ex-
clusively arenaceous Foraminifera and pyritized Radiolaria, described by
E. Benesova (1955) may serve as evidence of an Albian age for the lower
portion of this borehole, identical with the upper members of the Hluk Creta-
ceous and with the so-called biostratigraphical zone of Plectorecurvoides.

The sedimentary district of older Cretaceous in the Hluk region we have
to place geographically between the Czorsztyn and Cetechovice sedimentary
districts. Lithofacially the main part of the older Cretaceous from Hluk cor-
responds to the beds of the Czorsztyn series of the same age rather than to
that of the Cetechovice region. The thickness of the stratigraphically identical
beds in the Hluk region is more than 6 times greater than in the Czorsztyn
and Cetechovice regions. The Czorsztyn Lower Cretaceous is also more calca-
reous than that of the Hluk region. Furthermore the Pieniny (Kysuca) Lower
Cretaceous is of a very much less thickness than that of the Hluk region. There-
fore the Hluk Cretaceous fills up depressions separating the elevated areas
of Cetechovice and Czorsziyn zones.

Conclusion

The Lower Cretaceous which we include in the Czechoslovakian Carpathians
(based on the tectonic development of the Valanginian to Cenomanian) occupies
a great area in the Moravia-Silesian Beskids and in the Central Carpathians.
Among others, it includes tectonically destroyed zones isolated little fragments,
partly also it includes redeposited remains in younger beds.

We may distinguish in the flysch region two zones where between the Ju-
rassic and' Cretaceous there was an interruption ol sedimentation and transport
of destroyed material. Locally one of these zones represents the western part of
the Czorsztyn sedimentary district in the Silesia-TéSnovice unit. Probably to the
last belongs also the Frenstat region of the Godula development. It is very
probable that in the Baska sedimentary district (V. Houa, 1961) and in the
Frenstat region of the Godula development, the Uppermost Tithonian is prima-
rily lacking. On the basis of a hiatus in the Baska region of the Beskid section
and of sharp lithological boundaries in the Valanginian of the Godula develop-
ment, we suppose that throughout the whole region further regression took
place during the Valanginian. On the basis of the number of blocks of the
Stramberk limestone in sandstones of the Hradité type of the Godula develop-
ment (mainly in its western part in the vicinity of Novy Ji¢in), we may suppose
that an important emergence of the region with reefal Stramberk limestones
(peninsula of Silesian reefs) had already begun in the Hauterivian. From a great
extension of coarse-grained conglomerates of Chlebovice type in the Albian
ol the Baska development from the great number of little fragments of lime-
stones and of younger portions of the Tésin—Hradisté suite with intrusives
and from the fauna in the Ostravica sandstone (Albian-Cenomanian) (J. Fol-
dyna, J. Suf, 1962) we suppose that during the Albian there was a gradual
emergence of the peninsula of Silesian reefs. This gradual emergence was
the reason lor the initiation of a source of the sand in the south, in consequence
of which there developed the flysch facies of the Lower Cretaceous in the
Silesia-Téinovice unit. The stability of this source is indicated by abundant frag-
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ments of limestone in some places. The source in the Albian is indicated also
by the presence of red soils in the Lower Cretaceous, descending from the
neighbouring dry land (the Rudice beds). In the eastern part of the Beskid
section of the Silesia-TéSnovice unit, a transition was clearly proved between
thick terrigenous sedimentation in the Jurassic and Cretaceous. In the western
part of the unilt during the Hauterivian and especially in the Albian, there
was extension and elevation of the denuded region.

As is obvious from the decreasing thickness and the lithology of the Lower
Cretaceous in the Silesia-Té3$novice unit from north-east to west, definite dee-
pening of the sedimentary basin was less marked. It is clear, too, that the Titho-
nian to Barremian sea covered the later elevated part of the Silesian reefs as is
shown by the extension and facies of the Lower Cretaceous of the Téinovice
section. However, it seems that the ridge bordering the subsiding Silesian sedi-
mentary basin to the south was never covered by sea during the Lower Creta-
ceous. The southern slope of this ridge (peninsula of Silesian reefs) was the
northern edge of the Cetechovice sedimentary basin. Smaller thicknesses and
more arenaceous [acies of the Valanginian to Albian of the Kurovice klippen
are regarded as originated farther north than the comparatively thick brown-
grey marly [acies of more southerly fragments (Cetechovice, Korycany, Bélov).
Both the facies we known now only from {ragments at the western margin
of their suggested extension. Between the Cetechovice and Czorsztyn sedi-
mentary districts we place the relatively thicker Hluk Lower Cretaceous of the
Silesia-Zdanice unit described by R. Noth (1954) near Niederhollabrunn and
by R. Grill (1953) in older fragments. The Lower Cretaceous beds in the
Pieniny development of lesser thickness extend farther to the south. However,
in the Central Carpathians, the Lower Cretaceous does not reach the same
extension and thickness as does the Godula development of the Silesia-Tésnovice
unit deposited on the northern slope of the Silesian reefs (relative thicknesses
on Textfig. 2).

In the Turonian the tectonic movements of the Austrian phase were im-
portant in the Central Carpathians and in the more interior parts of the flysch
zone. Therefore the Turonian and Senonian in the Central Carpathians are
mostly lacking and in the flysch zone there is an evident transgression.

In the biolacial relations of the Lower Cretaceous of the flysch zone sub-
marine currents, water temperature and communication with distant basins
were of a great importance. They affected the extension, number and quality
of Foraminiferal and Radiolarian assemblages. Up to present we may study
these biofacial relations only qualitatively.

Qualitatively completely identical microfaunas may be found in the Lower
Cretacecus beds of the Tésnovice section of the Silesia-TéSnovice unit near Ku-
rovice and in that of the Beskid section of the same unit. The microfaunas are
identical not only in pyritized Radiolarian plankton, but also in the small variety
of calcareous arenaceous benthos. These comprise the persistent Jurassic to Cre-
taceous form Lenticulina subalata (Reuss), Involtina sp.. ornamented Lenti-
culina ex gr. guttate guttate Bart. et Brand, Marssonella ex gr. oxycona
(Reuss) and Haplophragmoides chapmani Loeblich et Tappan.

Also qualitatively identical are the microfaunas from limestone biotopes
of the Lower Valanginian, made up of nannoplankton (Infusoria) within the
Silesia-T@Snovice unit (Strazovice near Kyjov) — Calpionella alpina Loren z.
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Calpionella elliptica Cadisch, Tintinnopsella carpathica (Murg. et Filip.)
and also in the Tésin and Stramberk limestones and Magura group (Cetecho-
vice region) (V. Pokorny in F. Chmelik, 1957). Identical species of Infu-
soria typlcal of the Tithonian, Berriasian to Neocomian in the whole of the
exterior flysch are also in occurences in the Central Carpathians and klippen
belt (D. Andrusov, 1959). Microbenthos is also qualitatively identical in
both the Cetechovice (pebbles from Bélov) and Silesia-Té3novice sedimentary
districts. This identity is manifested in comparatively numerous Ophthalmidiid
Foraminifera with species: Spirillina minima Schacko, Spirillina orbicula
Terquem et Berthelin, Trocholina infragranulata N oth, Trocholina sp.,
Conorboides hofkeri Bart. et Brand, Lenticulina (Planularia) crepidularis
(Reuss), Lenticulina eichenbergi Bart. et Brand and Involutina sp. The
very same type of microfauna is described [rom black-grey slates with glau-
conite sandstones of the Subsilesia-Zdénice unit from Niederhollabrunn in
Austria (Noth, 1951). In the unit Zdanice it occurs in samples from the
vicinity of Zastrizli [sample 340 ¢, (A), 1961], where are development shallow-
water associations with the predominant species Trocholina sp. and locally
with Placopsilina which may serve as evidence of close affinities with the
shallow-water Heercynian developments with rich Radiolarian plankton.

Extension of the Barremian-Aptian of the Tésin—Hradisté biofacial suite
in the Cetechovice zone is very limited. Near Korycany (8 a ST) was found
the typical agglutinated associations with some affinities to the Hluk Cretaceous
microfaunas and to that of the Hradisté suite. They are characterized by Haplo-
phragmoides spissum Stelck et Wall, Haplophragmoides ex. gr. nonioni-
noides (Reuss), Glomospira gaultina (Grzyb.), Verneuilinoides spiritensis
Stelck et Wall, Haplophragmoides cushmani Loeblich et Tappan,
Haplophragmoides glomeratoformis Zaspélova, Ammodiscus tenuissimus
Gimbel and Gyroidina globosa (v. Hagenow). These species are known
from higher portions of the Té&Sin—Hradisté suite. They resemble, to some
degree, the species of the Hluk Cretaceous.

Also the Aptian-Albian microfauna of the zone with Bifarina calcarata (B e r-
theliny is typical for many sedimentary districts. These associations are in
the clastics of the Upper Eocene breccias from Strazovice near Kyjov, descend-
ing probably from the Silesia-Té3novice unit. Further in the same unit, this zone
is known in the vicinity of Zdounky and it is typical for the Baska develop-
ment of the Silesia-TéSnovice unit, especially for the Chlebovice beds. We may
find it. also in the Lhota—Baska beds in the vicinity of Stari¢. This zone is
very extended in the Magura group (Cetechovice region) not only in the
anticlinal zone of Salas south-east of Stara Huf, but also south-east of Ko-
rycany.

The quality and quantity of microfessils in this zone is very stable. It is
composed mainly of Radiolarian plankton of the Baska beds-type. Among the
benthonic Foraminifera it contains the species of the English Gault of the
Hercynian sedimentary region and the Aptian to Albian of south-west Ger-
many, Belgium etc. Among the important species we quote: Bifarina calcarata
(Berthelin) which especially in occurences near Korycany and Zdounky,
reaches 0,8 mm in lenght, despite the occurrences in the Beskid region. Very
frequent are: Lenticulina (Astacolus) scitula (Berthelin), Lenticulina ex gr.
gaultina (Berthelin), Lenticulina ex gr. miinsteri (Roemer), Marssonella
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ex gr. turris d’ O r b., Ramulina globulifera Br ady, Frondicularia loryi (B er-
thelin), Glomospira gaultina (Berthelin), Ramulina aculeata (d’Orb.),
Lenticulina rotulata (I.am ar ck), Lenticulina subgaleata (R e u s s), Lenticulina
(Astacolus) calliopsis (R e uss), very rarely occurs Haplophragmoides cushmani
Leoeblich et Tappan and Bigenerina complanate (R euss). Also abundant
in the vicinity of Kory¢any are smooth types of Ostracoda.

From the Central Carpathian province up to present, this zone is unknown.
It indicates a comparatively shallow, well aerated sea with good communication
with the exterior flysch zone. It marks an extension of this Aptian-Albian sea
to the.south to the Hluk sedimentary district. It does not extend to the region
of the klippen belt (boring Gbely H-6).

On the basis of the above-mentioned biofacial relations we may suppose
that the peninsula of Silesian reefs was in the Lower Cretaceous covered by
a shallow-water sea from which emerged at the beginning of the Cretaceous
(mainly an outer margin of the peninsula) and then also the Czorsztyn region.
In the Aptian to Albian the Alpine tectonic movements began to separate (the
Manin phase of D. Andrusov, 1959). They manifested themselves in an
elevation of the original margin of the Silesian reef peninsula and in the area
of the interior klippen belt and Central Carpathians, where these movements
were most intensive. The absence of the zone with Bifarina calcarata marks
an extensive interruption of sedimentation at the beginning of the Albian.

Our knowledge of biofacial relations allows us to make the above-mentioned
reconstruction of paleogeographical conditions in the Lower Cretaceous. The
Jurassic and Lower Cretaceous in sediments lying originally on the peninsula
of the Silesian reefs (which at the end of the Cretaceous and beginning of the
Palecgene were strongly elevated) were in the main denuded, and they are
preserved only in little patches or redeposited beds.

1I. TURONIAN TO MAASTRICHTIAN OF THE CARPATHIAN FLYSCH ZONE

A. The Subsilesia-Zddnice unit (Textfigs. 4, 5, 6, 7)

In the most exterior unit of the Carpathian flysch zone, in the Subsilesia-
Zdanice unit, we know the uppermost Jurassic, but we do not know any member
of the Cretaceous succession older than Turonian. In the form of fragments
in breccias and conglomerates occur the Albian sandstones (J. Oppenhei-
mer, 1906; E. Hanzlikowva, 1955) near Kyjov which, however, represent
a tectonic constituent of the molasse-like Zdanice—Hustopece beds of the Sub-
silesia-Zdanice unit. Older members of the Cretaceous were found in this unit
south-west of this area in Austria (Korneuburg near Niederhollabrunn, R. No t h,
1951; R. Grill, 1953), and in the north-east in Poland (M. Ksigzkiewicz,
1951). Also in our territory, the geographical and stratigraphical extension of the
Cretaceous beds increases in the Zdanice-Subsilesian unit to the south-west
and north-east, eventually also in the north-east, so that the Jurassic and
lowermost Cretaceous beds (Turonian) are known only in the south-west and
north-east parts of the unit.

These facts allow us to distinguish three sections of the Cretaceous in the
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Subsilesia-Zdanice unit: in the south-west the Pavlovské kopce-Waschberg
section; in Central Moravia, the Zdéanice section and in the south-east part
of Czechoslovak territory, the Beskid section. While in the Beskid section, the
Upper Cretaceous represents a main part of the Subsilesia-Zdénice unit in the
Pavlovské kopce-Waschberg and Zdanice sections, its extension is insignificant.

In the Pavlovské kopce-Waschberg section the Upper Cretaceous is repre-
sented by the lower Upper Turonian (Klement beds in Pavlovské kopce). This
Turonian lies transgressively on the Tithonian Ernstbrunn limestone, in Austria
it also lies on claystone and sandy Hauterivian. The thickness of these beds in
Czechoslovakia does not surpass 15—30 m. In Austria it reaches perhaps 100 m
(D. Andrusov, 1959). The Turonian beds are made up of sandstones and
sands, of greenish claystones with interlayers of glauconitic calcareous or
siliceous claystones with interlayers of glauconitic calcareous or siliceous-
calcareous sandstones of 25 c¢cm thickness. The sandstones of higher interbeds
frequently contain numerous pebbles (A. Matéjka, 1960). They yielded to
M. Glaessner (1931) Inoceramus macrofauna (genera Callelistoceramus,
Sphaeroceramus, Siriatoceramus, Inoceramus incostans Woods, Inoceramus
latus Fiege) and the ammonite (Scaphites cf. geinitzi d’ O rb.) which mark
the lower part of the Upper Turonian. They carry a planktonic microfauna
(V. Pokorny, 1958) with Globotruncana ex gr. marginata (R euss), Giimbe-
lina globulifera (Reuss). Globigerina and other species. We cannot make
a detailed comparision with the Bohemian Cretaceous. The plankton may be
of Upper Turonian to Coniacian age (zone X of the Bohemian Cretaceous).

In the same part of the Subsilesia-Zdanice unit there still occurs a 200—300 m
thick development of the Upper Cretaceous (Campanian to Maastrichtian).
They are made up of grey, greenish-grey, locally green-grey, fine arenaceous
calcareous claystones, locally with belts of glauconitic marls and calcareous
linegrained sands and sandstones. They yielded Belemnitella mucronata
(E. Suess, 1852, revised by M. Glaessner, 1931). The age was proved also
micropaleontologically (E. Hanzlikowva, 1956; V. Pokorny, 1959, see
A.Matéjka, 1960) (Texfig. 1).

In the Turonian and Senonian faunas of the Pavlovské kopce-Waschberg
section of the unit there was evidently paleogeographical influence of Middle
Furope (D. Andrusov, 1959) as well as in the Turonian of the Beskid section
(E. Hanzlikova, 1961). Besides the Upper Senonian there occurs the so-
called Brudendorf development (O. K i hn, 1930, 1960) of lowermost Paleogene
(Danian) age made up ol grey marls with sandstones and Lithothamnium
limestones in the Austrian part of the Pavlovské kopece-Waschberg section.
It grade up from the Upper Senonian (D. Andrusov, 1959; O. K it hn, 1960).
The Lower Senonian was not found in this section of the Subsilesia-Zdanice
unit.

In the Beskid section of the Subsilesia-Zddnice unit the Middle Turonian
to Lower Maastrichtian is represented by the Frydek beds which grade upwards
into younger beds. In these younger beds (the so-called Tiinec beds), or in
variegated subsilesian beds are represented not only the uppermost parts of
the Upper Cretaceous, but also the Paleocene to Upper Eocene. The Frydek
beds are predominantly calcareous duststones of brown-gréy colour in the
main solid, but [requently regularly disjunctive. In these beds are numerous
interlayers ol laminae of fine-grained to medium-grained. locally non-calcareous
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light-grey sandstone. Exclusively also have occurs a coarse-grained sandstone.
The claystones and sandstones contain frequently carbonized plant remains,
mica and isolated pebbles and blocks of limestone (locally crinoidal), Carboni-
ferous sandstone (with diameter of some m), pebbles of quarzite, conglomerate
and quartz. Admixtures of glauconite (distinct in the uppermost Senonian beds
of the Zdanice section of the unit) in the Frydek beds of the Beskid section
was net observed. Glauconite is here mostly in redeposited roundish grains.
Aggregales of pyrite and very rare pyritized ammonites show that the pyrite
is authigenic. The thickness of the Frydek beds is several hundreds m.

The Frydek beds carry an ammonite fauna [Baculites hochstetteri Liebus,
Puzosia sp. ind. aff. plenulata S o w., Scaphites (Discoscaphites) constrictus
(S ow.), and also Inoceramus sp., Pinna sp., Belemnites and traces of Vermes
(Keckia sp.)]. The Turonian and Lower Senonian members carry a foraminiferal
microfauna. This microfauna contain abundant species and specimens of
a shallow-watler character and numerous index fossils typical of the Mediter-
ranean province; also some species typical of saxonian basins (locally 20 per
cent). The rich microfauna allows zonation of the beds from Turonian to Maast-
richtian into 5—7 biostratigraphical zones. Important index fossils here are:
Praeglobotruncana all. helvetica (B olli), Globotruncana ex gr. renzi (Gan-
d o1f1i), Globotruncana arca (C u s h m an), Globotruncana citae B o111,* Globo-
truncana contusae (Cushman), Giimbelina globulosa (Ehrenberg), Gim-
helina striata (Ehrenberg), Pseudotextularia elegans (Rzeh ak), Pseudo-
textularia acervulinoides (I g g er), and a variety of benthonic species including
the index fossils: Bolivina incrassata (R euss), Bolivinoides delicatula (Cus h-
m an), Lenticulina stephensoni (Cushman), many species of Cibicides, Epo-
nides, Gyroidina, Anomaline ete. (E. Hanzlikova, 1950; E. Hanzlikova,
V. Pesl, E. Men¢ik, 1952; E. Hanzlikova, F. Picha, I. Cicha, 1962;
Table 7).

The Tiinec beds of higher Maastrichtiun and Danian belong to the facies
ol spotted claystones. The facies of black-red claystones and sandstones occurs
predominantly in younger beds. The facies characterized by intercalations of
red claystones (variegated subsilesian beds) in the Turonian to Maastrichtian
of the Beskid section of the Subsilesia-Zdanice unit was not found. The Tiinec
beds in lacies of spotied claystones are predominantly made up of claystones,
locally calcareous, alternating in bands or thicker layers of white-grey, black-
grey, black, greenish, bluish, yellowish-grey, green-grey to yellow-green, locally
brewnish-grey to dark-grey (chondritic) spotted. The claystones composed of
coloured bands form layers up to some m thickness. They contain mica. The
sandstones are individually of some cm thick (maximum 30 cm). They are
fine-grained to coearse-grained, light-grey, calcareous with scarce glauconite,
with mica on the bedding planes. Locally they contain carbonized remains
of plants. Rarely observed were their intercalations of pelosiderites, shells of
Mollusca, quite abundant pebbles of limestone (Tithonian to Danian) of Carbo-
niferous sandstone and claystone (up to 35 cm in diameter).

The microlauna is predominantly composed of benthonic Foraminifera.
Among importantl species are Reussella szajnochae (Grzy b.), Palmula primitiva

* Taxionomy of this species is not clear. It resembles Globorotalia membranacea
Ehrenberg and also Globorotalia pschadae Keller.
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Table 7. Subsilesia—Zdinice unit. Pavlovské kopece — Waschberg section
] [ T
| = | =13 | 2
, ; | S| 2| 2| 2| Z
Tmportant microfossils |2 ‘ = = | = =4 =
|5 |2l z]|35 |2
S| E| S| E| 2| 5
‘ = ‘ o n 1 o = A
e | ||
Globolruncana ex gr. marginala (Reuss) | =x | . 2o | Hs S P
Gitmbelina globulifera (Reuss) | XX | .. - . . .
Radiolaria indif. XX T - -
Globolruncana coronala (Bolli) XN | | i
Arenobulimina preslii (Reuss) | xx |
Alaxophragminm cf, lrochoidenm [Reuss) | XX
Anomalina kelleri Mjatliuk NN . .is - -
Globotruncana globigerinoides Brolzen XX l X. . .
Praeglobolruncana inornala (Bolli) Xx: | x| oms 5% = 3
Praeglobolruncana ex gr. sehneegansi (Sigai) XK | xX. | .. G 7
Gitmbelina globulosa (Ehrenberyg) XX XX | e .
Globarolaliles michelinianus (d'Orh.) XX | Xy Wi ; .
Pernerina depressa (Perner) XX X. o
Globigering ex gr. erelacea d'0Orb. NN NN e
Globolruneana bulloddes (Vogler) XN v
Lowxostomum eleyi (Cushman) X : e
Stensidina ersculpla gracilis Brolzen . o ‘
Stensidina diclyon Pokorny ; : = 5
Globolruneana {ricarinala (Querecau) i XX X
Globolruneana fhidmanni Gandolfi XX
Globotruncana staarli (Lapparent) XX XX -
Globotruncana arca (Cushman) Wik i XX KX 5
Eponides sparksi While 7 | X | XX )
Plearostomella ausliniana (Cushman) . X XX ..
Pullenia vretecea Cushman . - WX NX .
Neoflabellina rugosa (d'Crh.) o X
Iteussella szajnochae (Grzyb.) 33 s XXX
Bolivinoides pusiulala Reiss e b y Ea o "
Bolivinoides decorala (Jones) - ‘ - WX XX
Rugaglobigerina rugosa (Plummer) e e XX
Gitmbelina globulosn (Nhrenberg) F blo
Gitmbelina costalu Cushman WX KX i
Daorothia bullelta (Carsey) . . .. WX RSN e

Explanalion: X = occureaee of frequent or important microfossil.

Cushman, Pulmula jarvisi Cush m an, Aragonia velascoensis (Cush man),
Rzehakina div. sp. and Reophax trinitatensis (Cushman et Renz) and Hor-
mosina ovulum (Grzyb). Very rare is Globotruncana and Chiloguembelina
plankton (see planktonic Foraminifera on Table 2). The thickness of the Té3nov
beds of Cretaceous age in the Beskid section is of no importance.

We regard as belonging to the Zdénice section of the Subsilesia-Zdénice
unit the small occurence of the Campanian found by V. Pok orny (1954) near
Strilky. It is made up of grey calcareous claystones, partly fine-arenaceous
with infrequent interbeds of fine-grained, blue-grey calcareous sandstones of
1-10 em thickness (A. Matéjka, 1960). The microfauna and lithology is.
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identical with that of the Campanian and Lower Maastrichtian of the Frydek
beds. The species content corresponds with that of the biostratigraphical zone
with Globotruncana citae Bolli* of the Beskid section.

To the Zdanice section belong also occurrences of higher Campanian to
Maastrichtian found between Zaje¢i and Pritluky. They are represented by
grey, locally green-grey fine-arenaceous calcareous claystones, locally with
belts of glanconitic marly sands and layers of green and white-grey sandstones
(A. Matéjka, 1960) (Textlig. 4).

In connection with beds of the Turonian to Maastrichtian we may distinguish
three different sections of the Subsilesia-Zdanice unit as follows: Pavlovské
kopee-Waschberg section (contains like the Beskid section the Turonian beds).
In contrast to the Beskid section, in Pavlovské kopce-Waschberg section is
proved the transgressive character of the Turonian beds lying on the Tithonian
to Hauterivian. The Lower Senonian was not found in the Pavlovské kopce-
‘Waschberg section. On the basis of the unconformable extension of the Turo-
nian and Upper Senonian beds we may suggest that the older Senonian in the
Pavlovské kopce-Waschberg section corresponds to a stratigraphical hiatus.

Both the extension and the thickness of the Upper Senonian in the Pavlovské
kopce-Waschberg section and in the Beskid one are greater than those of the
Turonian to Lower Senonian. In the Zdanice section consequently occur only
slightly younger Senonian beds. In comparision with neighbouring sections it
is less arenaceous and also its extension and thickness is essentially smaller
than in the Beskid section. The primary differences of the Zdénice section in
comparison with the neighbouring sections are that in both the neighbouring
sections there are developed in the Danian to Paleocene Lithothamnium

Turonian Upper senonian
and lowar Sanoman (Campawian - Maastrichtian)
Lt i e e e e imtnd slmi i @i=ain:
R T
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L
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x\:\ﬁ PUSERRR

Fig. 5. Thickness of beds in the Turonian and Senonian of the flysch zone of Czecho-
slovalk Carpathians. A — lypical flysch, B — [lysch-like developments, C — non-flysch
developmentls. | — aulochthon-Bohemian massive, 2 — Pavlovské kopce — Waschberg
section of the Subsilesia-Zdanice unit, 3 — Zdanice section, 4 — Beskid section, 5 — Tésnov
section of the Silesia-Tésnov unit, 6 — Baska region of the Beskid section, 7T — western
region ol the Godula development, 8 — eastern region of the Godula development, 9 —
Pre-Magura unit, 10 — Dukla folds unit, 11 — Magura group — Cetechovice region, 12 —
Magura group — Hluk region, 13 — Magura group — region of the interior klippen belt.

* See p, \‘32



FIYSCH ZONE CRETACEOUS STRATIGRAPHY 65

limestones (or sandstones) absent in the Zdanice section. As was mentioned
above (E. Hanzlikovaé, 1961, seein Z. Roth, E. Hanzlikova I. Cicha,
1962) we may see in the Turonian and Lower Senonian of the Beskid section
of the Subsilesia-Zdanice unit as in the Pavlovské kopce-Waschberg section
(see D. Andrusov, 1959) distinct affinity of the faunas carried by beds
of the platform Cretaceous of the same age in Bohemia and north-eastern
Moravia. Thus we may explain paleogecgraphically the formerly found
(B. Hanzlikova, 1954) affinities between the Cenomanian to Lower Seno-
nian microfauna in the north-eastern part of the interior Silesia-Téinov unit
and of the Bohemian massif. This affinity is also in lithology. As was mentioned
by E. Men ¢ik (1962) the grey facies of the Turonian to Lower Maastrichtian
(mainly Campanian) (= Frydek beds sensu Z. Roth, 1962) is restricted, apart
from small occurrences near Strilky. to its Beskid section. Other parts of the
Turonian and Senonian in the Subsilesia-Zdanice unit are made up of greenish-
grey claystones with glauconitic sandstones, which at the end of Maastrichtian
predominated. Lithologically this facies shows more affinities to the facies
of the platform Cretaceous in Bohemia and Moravia than to other facies. Facies
with red claystones in the Subsilesia-Zddnice unit appear in Poland. On our
territory it is only in inner units, especially in the Té3novice section of the
Silesia-Tésnovice unit (E. Menc¢ik, V. Pesl, M. Plic¢ka, 1955) and the
pre-Magura unit (A. Matéjka, Z. Roth, 1956). In the TéSnovice section
these beds occur near the eastern end of this unit near Sanok in Poland, in place
of the Istebna beds. '

We may suggest that the three sections mentioned in the Subsilesia-Zdénice
unit were fundamentally different, especially in the Turonian 'and Paleocene.
The Upper Cretaceous displayed mainly in the Beskid section, is restricted
to the interior part of the other sections. Its absence in the exterior anticlinal
zones of the Zdanice section and its characler in the Pavlovské kopce-Wasch-
berg section indicate its primary narrow extension.

B. The Silesia-Tésnovice unit

As in the Lower Cretaceous so also in the Upper Cretaceous we may see some
differences in lithological development of the Tésnovice and Beskid sections of
the unit. In the cover of Zdounky fragment of the Lower Cretaceous near Sta-
vésice, Milovice and Créovice the Campanian to Maastrichtian is developed in the
form of olive-green, green-grey and grey calcareous claystones with uncommeon
red-brown smudges in the Maastrichtian (E. Mené¢ik, V. Pesl, M. Plick a,
1955; A. Matéjka, 1960). Similar beds of a greater extension and thickness
(more than 300 m) occur in the southern and south-eastern vicinity of Bystilice
pod Hostynem. They are made up of predominantly dark (frequently bluish
and greenish) grey calcareous claystones. locally hard, and less arenaceous.
Beds of some m thickness are separated by bands to layers of fine, locally
medium-grained, lighl-grey, locally green-grey glauconitic calcareous or non-
calcareous sandstone with mica (Z. Roth, 1959, 1962 a).

By the character of the microfauna they correspond to the Campanian and
Maastrichtian. By its quality, the microfauna resembles that found in the
Silesia-Zdanice unit and in some Pienidy developments and Upper Cretaceous
of the pre-Magura unit (E. Hanzlik ova, 1959—1962). The Upper Cretaceous

5 Geologicky shornik
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beds occurring near Bystiice pod Hostynem contain the very same foraminiferal
microfauna as the Upper Cretaceous of the [rontal zone of the Magura group
in Chriby (in frontal part of which lies the Tésnovice section of the Subsilesia-
Zdanice unit). According to V. Pesl, E. Men ¢ik (1958, p. 211) it is doubtful
il this occurrence belongs to the Magura group. Micropaleontologically and
lithologically it is more like a fragment of the Upper Cretaceous of the Tésnov
section of the Silesia-Tésnovice unit folded at the contact with the marginal part
of the Magura development. E. Menc¢ik and V. Pesl (1958) describe these
rocks from Chiiby in the vicinity of Ujezd as green-grey and dark-grey fine-
arenaceous calcareous claystones, tectonically separated from variegated Paleo-
cene beds. The thickness of these beds is only some m. They carry a microfauna
of the Campanian to Danian (Table 11).

In the Beskid section of the Silesia-Téinovice unit, the Upper Cretaceous is
made up ol the Istebna beds in the Godula development and of the Palkovice
beds in the Baska development.

The Istebné beds in the western part of their outcrops (near RoZnov pod
and eastern parts there are sandy. In the western part between Valasské Mezi-
rici and Predmir there are in the Istebna beds some tens m thick zones composed
mainly ol sandstones in the upper part, with a few hundreds m thick zones
of claystones. From sandstones the most stable is a basal zone (below the
variegated Paleocene beds). Higher sandstones are connected with basal zones
of Predmir. From the western part of the region to Velky Polom the thickness
of the Istebna beds without regard to the mentioned facial change is 1000—
1200 m. In the vicinity ol the Jablunkov depression where sandstone beds
predominate, the thickness suddenly decreases to 400—500 m.

Claystones of the Istebna beds, in layers of some ¢cm to some m in thickness,
are dark-grey to black-grey non-calcareous, mostly fine-sandy with mica.
Sandstones in 3—3,5 cm layers are arranged in predominantly sandy zones and
they are mainly fine- to medium-grained, locally (mainly in basal parts) fine- to
medium-conglomerate-like, arkose-like and non-calcareous. The pebbles in these
beds reach 20 em in diameter. They are composed of quartz exclusively. On
Czechoslovak territory the Istebna beds yielded Pachydiscus neubergicus
H auer. The microfauna and macrofauna corresponds to the Maastrichtian and
Lower Paleocene (E. Hanzlikova, 1960, Table 5). The Istebné beds lay
on the older Cretaceous beds with tilloid conglomerates at the base they occur
also higher up, but in the lower (Godula) beds they are lacking. This pheno-
menon we explain as a stratigraphical hiatus, corresponding to the Turonian
and Lower Senonian. Lower Senonian and Campanian was not found in the
Istebné beds of Poland (M. Ksiazkiewicz 1951) nor on our territory, but
the Upper Maastrichtian was found in the lower part. The Turonian was not
proved here in the Godula and Parallel developments of the Silesia-Tésnovice
unit, the microfauna of which is very rich (Baska and Tésnovice developments).

The Palkovice beds represente an equivalent of the Istebna beds in the Bagka
development of the Silesia-Ténovice unit. Sandstones predominate here. In the
lower part they contain 1-5m thick layers (often irregularly lens-like) of
coarse-grained to line-grained conglomerate-like (Breccia-like) calcareous sand-
stone, locally with glauconite. The upper parl of the Palkovice beds is charac-
terized by alternalions ol [ine- to medium-grained blue-grey, calcareous or
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unit, Vb. Bystrica unit, Ve. White Carpathians-Orava-Cerhov unit and near-klippen units.
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non-calcareous sandstones at the bottom of layers (sometimes fine-conglomerate-
like), locally laminated, with plant remains, in layers 3—100 cm thick, separated
by 2—20 em thick layers ol grey, dark-grey (locally also darkly spotted) sandy
claystones.

I'rom the Palkovice beds probably came Ptychodus latissimus schlotheimi
Geinitz, found near Matylovice (A. Liebus, V. Uhlig, 1902). An impo-
verished microfauna marks the Lower Senonian to Maastrichtian and shows
affinities with the microfauna of the Saxonian and Boreal province. The Palko-
vice beds are preserved to a thickness of 350 m. They lay on the older Cretaceous
with Basgka beds.

As is obvious from what has gone before we may see in the Silesian unit
three developments of the Upper Cretaceous. In the western part are calcareous
claystones of the Tésnovice Tacies, resembling the Upper Cretaceous of the Sub-
silesia-Zddnice unit and microfacially also the pre-Magura unit. In contact
with this facies is a predominantly clayey development of the Upper Cretaceous
(western part of the Istebna beds). As indicated by their great thickness, the
Istebna beds were deposits of a quickly deepening marine basin and then
a more slowly subsiding bottom, eventually elevated in the form of submarine
sills. As sediments of the elevated bottom we regard the less thick Palkovice
beds and the eastern development of the Istebna beds.

While in the Istebna beds (the Godula development of the Silesia-TéSnovice
unit) the oldest member is the Maastrichtian (or probably Campanian); in the
Baska development in the Palkovice beds there is also the Lower Senonian.
In the Beskid section of the Subsilesia-Zdanice unit in the Frydek beds there
is proved, besides all the Senonian, also the Middle and Upper Turonian
(E. Hanzlikova, 1961; Z. Roth, E. Hanzlikov4d, I. Cicha, 1962). In
the Bohemian massil there are the Cenomanian and Lower Turonian beds.
Although the basal members of the Frydek beds of the Subsilesia-Zdénice
unit are unknown, we may suggest that the sea in Turonian times began to
cover the axial part of the Beskid depression (north of Malenik, exotic sill)
and in the region of the Magura group the sea penetrated contemporaneously
from the southern Pienidy district where the sea had receded from the Carpa-
thians duting the tectonic movements in the Turonian.

D. The pre-Magura unit

E. Hanzlikovd, E. Menc¢ik, V. Pesl (1962) regard some fragments
of Upper Cretaceous in the Moravia-Silesian Beskids in the riverbasin of Bila
and Liska near Jablunkov as belonging to this unit. From the biostratigraphical
view there is first of all the Maastrichtian, represented by grey-green and
green-grey calcareous claystones, locally dark-grey and spotted, with interbeds
of greenish-grey limestones (Textfig. 4). The Upper Maastrichtian contains
besides these beds, calcareous claystones of red colour and scarce (of to 10 cm
thickness) intercalations of fine-grained sandstones. This lithofacial development
is very similar to that of the Upper Cretaceous ol the Tésnovice section of the
Silesia-Té3novice unit, mainly at its south-western end (Textfig. 4).
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E. The Dukla folds unit

As the tectonic equivalent of the pre-Magura unit we regard in the eastern
part of the Carpathian flysch zone the unit of the Dukla folds, which is seen
on Czechoslovak territory in eastern Slovakia.

To the Upper Cretaceous belong the Inoceramus beds. They occur to a thick-
ness of 800—1000 m. Their substratum is unknown. These beds are predominantly
clayey and contain only thin zones with predominant sandstones. The claystones
(in layers ol some c¢cm to 3m thick) are grey, bluish-grey, dark-grey, partly
calcareous, line-arenacecus with mica and bands ol light-greenish grey clay-
stones. The sandstones in layers of 1—120 em thick are mostly fine- to medium-
grained, calcareous (also silicocalcareous). In thin layers and in the uppermost
part of thick layers, they are characterized by leaf-like splitting, by mica,
and in the lower part of the thicker layers they are mostly massive. In thick
sandstone layers there are abundant pebbles ol sandstones. Light claystones
are arkose-like. They carry the microfauna (Foraminilera) of the Maastrichtian
to Paleocene (A. Matéjka, 1960y (Table 8). It is possible to divide them into
a lower part (Lupkov beds) cf 600—800 m thickness with predominant claystones
and an upper part (Cisna beds) with predominant sandstones. The claystones
of the Lupkov beds are solid, dark-blue to black, frequently spotted (chondritic),
calcareous with leaf-like cleavage and interlayers of massive marls. The sand-
stones in 10—120 cm portions are siliceous-calcareous to sandy limestones.
Frequently they are laminated by light duststones (B. Lesk o, 1960).

The Cisna beds (B. Lesko, J. Nemdcok, T. Korab, 1960) are predomi-
nantly sandy with sandstones and claystones in the proportion 10 : 1 and more.
They contain, besides rocks known from the Lupkov beds, interbeds of
medium-grained siliceous-calcareous sandstones to fine-grained conglomerates.
The conglomerates are in the basal part of the thin-bedded sandstones, and
higher up they form a smudge-like interbeds of the Upper Cretaceous members
of the interior part of the exterior group ol the [lysch zone occur also below
the Magura nappe (A. Matéjka, Z. Stranik, 1961) in the tectonic window
between Smilno and NiZzny Mircsov (E. Hanzlikovd, Z. Stranik, 1961).
These beds are characteristically grey, slightly bluish claystones alternating
with layers of blue-grey siliceous-calcareous laminated sandstones (3—24 cm
thick). The claystones slightly pre-dominate over the sandstones. Calcareous
claystones contain a planktonic Upper Cretaceous (Maastrichtian) microfauna
very similar to that of the Inoceramus beds of the Dukla folds.

Between the Upper Cretaceous of the pre-Magura unit and the Cretaceous
of the Dukla folds unit there are important facies changes manifested in
increasing thickness eastwards, disappearance of the Maastrichtian beds with
red claystones and an increasing amount of sandstone in the Dukla folds unit.
Also the biotopes of the two regions are different. The biotopes of the pre-
Magura unit (Table T) shows affinities with the Pieniny biofacial development,
while that of the Dukla folds represents an endemic facies of the flysch
(Table 8).

F. The Magura group
In the Magura group, the Upper Cretaceous beds are represented only in the

inner portions, i. e. in the interior klippen belt. The Mesozoic of the interior
klippen belt in the western part of the Czechoslovak flysch, represents the
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Table 8. Subsilesin—Zdanice unit (Beskid

section)
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Globolruncana cf. fornicala Plummer Sl i | & i l
Globolruncana vendricosa While i | A0 | .| .. | Gitmbelinag
Gitmbelina globulosa (Khrenbergs) . .| It l ft| .| globulnsa
DBulivina inerassala Reuss . I O I 3 1 9
feloholruneana area (Cushman) [ : i) 1t |
Bolivinopsis delicatula (Cushmuan) [ oo | B D (aloboltrineann
filobolrancana cifae o lli i ‘ T L. .| eilae
Rugoglobigerina rugosa (Plummer) wn| o | It |
Lenticutina stephensoni (Cushman) s | ol | EE |
fiiimbeling strinta (Khrenherg) 5 e |l 3R | Pseudo-
Psewdolextilaria eleguns (Rzehak) If | | textularia and |
Pseudolextularia varians Reehak | ff| .. specific |
(loholruncana mayaroensis Bolli oo L] s ‘ Slobotruneana
Globolruneana conlusa (Cushman) Jiw | wii | T8 e
Palmula primifiva Cushman [l Pl I = Jf |
Hormosing ovnlun (Grzybowski) o e | .S | 88 | |
Aragonia velaseoensis (Cushman) ol es o] zone withoul
Reussella ex gr. szajnochae (Grzyb.) | - ‘ .. | 88 | 8. ‘ Globotruncana
| Balhysiphon laurinensis Saceo | S R e
Dendrophrya div. spee. [ 5 | I |
Chiluguembelinag ex gr. erinila (Glaessner) R R I | r
Psendosiderolithes heraclae (Arni) | Kk i -
Siderolithes caleilrapoides (Lamarek) K| e
Coleiles relicutosus (Plummer) T A | 75 4 [
Pseudoparella lonlmini (Brolzen) | i .k | o ‘
Eaplanalions: | — more frequent in lithofacies of Lhe Frydek beds, s — more frequent in
lithofacies of spolled Tiinee beds, r — more frequent in lithofacies of black —grey claystones
of Lhe Ttinee beds, & — more frequent in lithofacies of conglomerates of the Strizov type (for-

merly Klokotov heds).

oldest member of the While Carpathians-Orava unit, partly also the Bystrica
unit, with which we shall not deal in the presenl paper and the eastern part
of near-klippen units. The closest development of the Upper Cretaceous to that
of the interior klippen belt in the western region of the Magura group is the
Upper Cretaceous of the Hluk region. Also, the Upper Cretaceous occurs in
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a fragmentary conditions in the exterior parts of the Raca unit as well as in
both the western and eastern parts of the Czechoslovak flysch zone.

The area of the interior klippen belt at the same time represented the only
part of the Czechoslovak Carpathians where the Turonian was found
(E. Scheibner, V. Scheibnerova, 1958; V., Scheibnerova, 1961).
Into this area, after the Austrian phase receded the Carpathian sea. The tecto-
nics of the interior klippen belt are very complicated and therefore there are
many difficulties in stratigraphical investigations.

Micropaleontologically, mainly by plankton, the Cenomanian — Lower Tu-
ronian beds are seen to grade upwards into the Senonian. Both the benthos and
locally plankton are qualitatively different and show many affinities with the
Senonian. These differences are distinct in the flysch-like development of the
east-Slovakia part of the klippen belt more than in the western regions. As
important planktonic species we regard: Globotruncana coronata (B olli) deve-
loping from forms with 7—8 chambers (E. Hanzlikova, 1959, manuscript),
also Praeglobotruncana schneegansi (Sigal), Globotruncana aff. renzi Gand,
Globotruncana ex gr. sigali Reichel, higher Globotruncana inornata Bolli,
Globigerinella escheri clavata (B r o nnim an n), Giimbelina globulosa (Eh e n-
berg) and Radiolaria. Among benthonic species the following are important:
Bulimina pusille (Brotzen), Gaudryina foeda (Reuss), Siphogaudryina ex
gr. carinata (Franke), Psudoclavulina sp., Stensidina exsculpta (Reuss),
Ramulina, Dendrophrya, Marssonella and others.

In the Pieniny developments of the interior klippen belt, mainly in the
Kysuca series, the Cenomanian grades upwards into the Lower Turonian. It is
made up of red, calcareous slaty marls alternating with thin interlayers of
calcareous sandstones. The thickness is 5—40m (D. Andrusov, 1959). The
beds with planktonic Foraminifera (Rotalipora, Globotruncana — E. Hanzli-
kova, 1960 — are on Table 9). (Explanations to the geological map Spisska
Stara Ves, High Tatra, Kosice, PovaZzie — V. Scheibnerova, 1961; E. Hanz-
likova.)

Above this portion ol the Lower Turonian lies a suite of 70—200 m thickness
made up of alternating dark-grey, sandy slaty marls with (up to 10cm
thickness) calcareous sandstones which predominate in the upper parts of
the suite (the so-called Sneznica beds — E. Scheibner, V.Scheibnerova,
1958). To the upper part ol these beds probably belong conglomerates, conglo-
merate-like sandstones and sandy claystones with exotic pebbles from Vranie
with microfauna of the Lower Turonian (E. Scheibner, V. Scheibne-
rovain D. Andrusov, 1959). Between the Lower (Middle) Turonian and
Santonian we may suppose the stratigraphical hiatus in the interior klippen
belt.

The Senonian Upohlav beds of the western section of the Czechoslovak
klippen belt lay unconformably on various members of older age. Complicated
tectonic structures, however, cover the tectonic contacts. The Upohlav beds
are made up of predominantly fine-grained to coarse-grained sandstones in
beds up to 2m in thickness, locally mainly exotic conglomerates. Their beds
are separated by grey calcareous- claystones. Among the exotic blocks are also
older rocks of the Central West Carpathians and older Mesozoic rocks of the
interior klippen belt (Albian to Cenomanian). Locally we may find lenses of
Upper Cretaceous Rudist, Algal and Coral, coarse-grained (gravel) limestones.
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Table Y. Subsiiesia— Zdinice unit [Zdanice section)

| o Tl
i ' | = | [
tmportanl microfossils | E | = é | i =
Rezehakina ef. epigona minime Cushman & Renz it i i 88 e I we |
Globotruneana lapparenti Brolzen Vi i i 85 l |
Stensidina tabyrinthica Cushman & Dorsey e S o 55 sa |
| Gitmbelina steiala (Ehrenbery) .. .. .. 85 ve | e I
Giloboirancana cifae Bolli - - v X X, | ‘
(ilobotrancana arca (Cushman) e 4 it XX X |
Psendolextularin eleqguns (Hzehak i i o T - ¢
Giloholruneana ex gr. fornicala Plummer via s pp ppoo..
Clobalruncana thalmanni Gandolli .. pp | p. |
Ciloholruneana tricarinala colombiona Gand, - . i e oo s |
Globolruncana arca (Cushman, I = | pp pp [ s
Globolruncana stuarti (Lapp.) a5 | ‘ : l rp | pp ‘ 2 ‘
Globolruncana bulloides (Vogler) ! | ep | P -
Fponides sparksi White - s | poopp | |
Pleurostomella austiniane (Cushman) L% i R | pp o
Pullenia cretacea Cushman S ‘i i | ap pp ‘ |
Explanations: s — species quoled by V. Pokorny (19540 from Stiilky, » — species found

by the anthor (E. Hanzlikova) near Strilky, p — species found by Lthe author (E. Hanzlikova)
near Pritluky and Zajeci.

The microfauna indicates a Santonian to Campanian age. The thickness of the
Upohlav beds is a few hundreds ¢f m (D. Andrusov, 1959; V. Scheibne-
rova, 1961, Table 9).

Above the Upohlav beds there are the Gbelany beds (V. Kantorova,.
D. Andrusov, 1958; D. Andruscv. 1959) — the Maastrichtian part of the
Puchov beds. They are made up of thick calcareous marls of light-green, grey
to black and red colours, locally with thin interlayers of fine-grained (or coarse-
grained) sandstones (to fine-grained conglomerates) with a rich microfauna
ol the Upper Maastrichtian (O. Jendrejakova, V. Kantorova,
V.Scheibnerovain D, Andrusowv, 1959).

To the Pieniny klippen belt are restricted the Jarmuta beds of Upper Senonian
age made up of [ine to coarse-grained. partly conglomerate-like sandstone in
layers up to 100 m thickness which grade upwards into flysch-like sandstones
with green-yellow calcareous marls.

In Orava and in eastern Slovakia in the [lysch zone (E. Hanzlikova,
1958, 1960, in press) Paleogene (Paleccene-Lutétian?) lies on the Upper Cre-
taceous with a distinct basal breccia (see D. Andrusov, 1959, p. 324).

In the exterior marginal part of the White Carpathian unit in south-eastern
Moravia appears the Upper Cretaceous in a thickness of a few tens of m,
tectonically broken, together with the Hluk older Cretaceous also in a tectonic
[ragment near Nezdenice. It is made up of red brown calcareous marls, locally
with light-green-grey spots and smudges, with a rich Maastrichtian microfauna
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(E. Hanzlikovain A. Matéjka, Z. Roth, 1956) (Table 10). Despite the
complicated tectonics they show a distinet unconformity in regard to older beds
(O. Kodym, Z. Roth, 1946).

G. The Racéa unit

More complicated are the occurrences of the Upper Cretaceous in the frontal
part of the Ra¢a unit in Central and north-eastern Moravia. Near Ujezd in
Chriby in frontal zone of the Magura group (as mentioned below) it is not
clear if the Upper Cretaceous beds belong to the Magura group (see E. Men-
¢ik, V. Pesl, 1958, p. 211). Micropaleontologically and lithologically these
beds belong to the fragment of the Tésnovice Cretaceous of the Silesia-Tésnovice
unit over which was overthrust the Magura group. In the vicinity of Jankovice,
Stara Hut and Stupava in Chriby there were found pseudoassociations of
Lower Cretaceous and Upper Cretaceous Foraminifera (E. Menc¢ik, V. Pesl
and coll.,, 1958). It is possible that they are younger than Cretaceous. They

Table 10, Silesia—"Tt:novice unil (Ténoviee seclion)

T | ' I |
| I - i
| ” T |
= = |
it iernfossils i ' =
Important microfossils R | | g
3| @ | ! a
| I
I Globoiruncana fricarinala (Quereau) N i | AR | mm
Globolruneana fornicala Plumimer .. mm
Globotruncana ex gr. area (Cushman) o P [ & ‘ min
Globolruneani citae Bolli . . . min
Gaudrypina foeda (Reussg) | - oo LM ! min
Bualimina parva Franke = it . .m | mm
| Valoalineria sp. 5 o | k| kK
Eponides bollii Cushman & Renz .. . S B lek
Stensidina ersculpla (Reuss) .. .. s Lk Kk
Gloholruneana area (Cushman) = N T
| Globolruneana stuarii (Lapparent) | | % | cs
| Globolruneana conluse (Cushman) I wa o | Ze
| Textularia denlale (AlLh) | | (A
Pseudolextuluria elegans Rzehak | ! 75
Pseudolextularia acervulinoides (Ilgger) [ i | owsme | owes FAA
Gitmbelina striala (IXhrenberg) e e | |l b2
filoholruneana coniea (W hile) [ .. . U 85 ..
Eponides sparlsi (While) - A R (HH c.
Hormosina ovulum (Grzyb,) ek | ow i a | ¥ =5 85
Trochamminoides irregularis (W hite) [ A i % ZE s S8
Reussella szajnochae [(Grzyb.) i TR (T 3 cm i
Rugoglobigering rugosa (Plummer) . co e | - ce .
Daorothia conulus (Reuss) - can | e ce | c.
Chiloguembelina crinita (Glaessner) Vo i [ s | s
| |
| |

Explanalions: m — occurence near Milovice, k — occurence from conglomerals, s — occurence
near Stavisice, ¢ — occurence near Cvréovice, z — occurence from Lhe klippen mantles near
Zdounky.
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Table 11. Silesia— Téinovice unit, Godula development (Istebni beds)

— |
o L TE
= | = | = E |
{ . . = = = b= L
i Important microfossils | i ] s | = g ‘
S| E| 2| E | &
e — s | 1
Trochammina nodosa Zaspilova g | 3
Bathysiphon brosgei Tappan gg | .. P SCR S
Rzehakina ex gr. gaulling (Reuss) ge . o - . l ..
Pernerina depressa (Perner) ge a8 R N e, | e
Gaudryina foeda {Reuss) ; 5 i XX XX
Dendrophrya excelsa Grzybowski Pz XX | XX
Globolruneana ex gr. lricarinala (Quereau) XX :
Dendrophrya robusta Grzybowski XX XX
Rzehaleina minima (Cugshman & Renz) 5.4 X
Rzehakina epigona (Rzehak) XX
Rhabdammina eylindrica Glaessner o i i XX | XX
Hormosina opulum (Grzyb.) div. formae . . .. .. XX XX
Nodellum veluscoensis (Cushman) it - - e | XX XX
Reophax lrinilalensis (Cushman & Renz) i i vis s NX X
Trochamminoides irregularis (White) s i i e XX | XX
Saceammina placenla (Grzyh.) s o i o XX | xx
Alaxophragmium sp. - son - - XX -
Haplophragmoides caleala CGusghman 3 XX
Explanations: xx more frequent in the Istebnd beds, gg9 — sporadic in the Godula beds.

Table 12, Silesian ~Tésnoviee unit — Beskid section, Baska development (Palkovice beds)

‘ i = ‘
| - =
| = S
. : s | 2 ER
linportant microfossils H g g 51 B
2| £ | £ | 8
= = = | = 1 =
o (48] o | = i a
(ibicides ribbingt Brolzen - XX { % .
Cibicides excavatus Brotzen wis XX i Wi %
Cibicides sandidgei Brotzen o XX S
Bulimina venlricosa Brolzen v XN .'e ik SO B
Globolruneana bulloides Vogler i XX - .. |
filnbolruncana globigerinoides Brolzen - XN o P
filobotruncana ex gr. linneiana d'Orb, i X . B
filobigerina aspera (Fhrenbery) 0% N X% | s i o
Gilobolruneana ex v, fornicala Plummer .. .. X .. .. .
filobigerinella cf. volula (W hite) 4 - xx | A
Globigerina erefacea 'Orh, = | oxx Xu
Bolivina cf, inerassala Beuss : i 30 x 3
Buthysiphon laurinense (Sacco) i WX XX
Chilostomella ovoidea [Renss) WX XX
Alceophragminm sp. WX XX .
Fponides div. spee. i S i X = 4
Ralalia div. spee, i i 3 e | oxx
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contain light grey-green and grey soft calcareous marls with pebbles and blocks
of massive limestones, frequently with black cherts. The Cretaceous age of
these beds was not paleontologically proved (drolling near Ratiskovice, Cunin
and Kopéany, A. Matéjka, 1960). Doubtful also is the age of the so-called
Inoceramus beds close to the Czechoslovak-Poland boundary near Hrcava
(Z. Roth, in press). (The Turonian to Maastrichtian microfauna in single
regions on the Tables 11—-17).

In the eastern section of the Czecheslovak flysch zone near Mikulova (in the
inner marginal part of the Raca unit) also were found the Inoceramus beds.
They are made up of blue-grey to partly calcareous claystones and calcareous
(siliceous) sandstones (partly arkose-like) grading upwards into fine-grained
conglomerates (with pebbles of 8 mm in diameter) in beds of 10—120 em thick-
ness. Near Mikova they carry Inocerami (H. Swidzinski, 1934). The
microfauna is stratigraphically unimportant, so that their Upper Cretaceous age
was not proved. In the western part of the Raca unit redepositions of the Upper
Cretaceous fossils were redeposited into beds ol the Lower Eocene. The Paleo-

Table 13. Pre-Magura unil

Important microfossils | é ‘ g ‘ 2 E
g = S =,
! s|S|& |38
I I
S — s J gl
Muarssonella veyeona (Tieuss) b oo p R I O - N
Dendrophrya exeelsa Grzyb. | s TR XX ‘ XN 1 OONX
felobolruncana ex gr. area (Cushman) i : T NN x|
Globotruncana sinarii (Lapparent) I ‘ [ xx |oxx
feloholruneana tricarinala (Quereau) | o ] NN ‘ NX
felolotruncana ex gr. linneiana d’Orb. l | | XN XX

i
Pseudognudryina capifosa (Cushman) | sw | oma b oas WX XN | XX
I i

Saceammina placenta (Grzyb.) ! NX | XX
Hormosina div. spec. | NX NX
Rzehualina div, spec. '| | | KN |oxx
Daorothia hullelta (Carsey) | N wi | | NN
Textularielln div, spec. bl s e | ! | xx |
Aragonia trinitalensis (Cushman & Renzl | | XX
Stensidiina whitei Morozova | N
Rugoglobigerinag rugosa (Plummer) | | X
Rugoglobigerina div. spec, I | ! | XX
feloholruncana contuse (Gushman) i | | NN
fritmbelina glrinta (Ehrenberg) | | X |
Pseudolextularia elegans Rzehak | .. o ' NN | ..
Reussella szajnochae (Grzvh.) e it ! | xx | %
Eponides div. spec. e IR AR ¥
Spiropleclammina denlala (A1LK) 3 S (R S o
Stengiiina of. eaucasiva Subboting S I | I o.x | x.
Eponides bollii Cushman & Renz | R ! o
filobotruncana mayaroensis Bolli 47 | WX

Globigerina div. spec. Foas |omss b ool s 5 NN
Radiolariu | R . . .. v | KX
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Table 14, Dukla folds unit (Easlern Slovakia)

| : I ‘
|
! =
| & il = |
Importanl microfos = | = =
= | = ]
= = =
= | 7 ‘ a
e = e T L LRI P S L l |
|
Dendropheyga exeelsa Grzybowski s ST B XX XX |
(elobolruneana ex gr. Iricarinala (Que X% |
(ilobolruncana ex gr. area (Cushman) o ww | oas XX [
Saceammina placenta (Grzy b, .. - o s | XX
Hormosina excelsa (DalaZanka) b e - w5 |ONX
Hormosina ovalum (Grzyb,) ER 2 3 % NX
Rzehalking ex gr. epigona (Rzehak) Foo Vi i S | xx
Hzehaling minima (Cushman & Renz) . . . . | =x
Plectina falloe (Grzybowski) | w5 75 XX
Pleclina lenis (Grzybowski) we (| s | s . XX
Iteaphar Irinitatensis (Cushman & Renz) XX
Thalmannammine div. spee. XX
Cibicides propriveus Brolzen e | e e s ai
Chiloguembelina ex gr. morsei [Kline) | . X.
Dtadiolarin | oo |oxx
Gilohigering div. spec, i b o= i i i XX
Table 15, Magura unil — particular While Carpathisns-Orvava unil and particular near-klippen
nnils in Eastern Slovakia Region of the interior Klippen bell
I -
[ | |
i | |
[ | B 1 w |
Linportanl microfossils | | = = =
| E
Pracylobolruncana delrioensis (nrbinala (13, | @ | s Il s | aw Ve i
Pracglobolruncana oraviensis Scheibnerowvi [ x. | sz il w i i
Trochammina welleri Steleck & Wall | xx | .. | .. .. -
Crandryginag (S, carinala (Franke) . S SV |[R (N [
Dorothia kaskapauensis Stelek & Wall xx | | | o :
Murssonella oregeona [ Reuss! XX e | o
Pseudoclavuling ex gr. eqgeri Cushiman S [P R [ e
Prachuliming pusille (Brotzen) XX | s ] s | o wim
figroidinoides nitida [Reuss) | XX OO | R . -
Pracglobolruneana stephani (Gandolfi) XX Y | I 5
Praeglobodruncana ex o gre. helvelica (Bolli) boxx | . ' J 5 |
Pracglobolrunecana imbricale (Mornod) [ xx | oo | oo | o | e |
(ilobotruncana sigali Reichel |ONX | | e e B
filobolruneana ex e, linneioe Q'O b, | .x | xx | xx | . | e
(elobotruneana ex v, Ieicarinala (Quereau) ES i ‘ XX I XX i X | ows
Giloboirunecana fornicata Plummer | | XX | Xx. T
Stensidina vaeseulpla [Beuss) | e | oxx X v |' -
Aragonia solehiana (Keller) , |- | NN 1 XX o |




FLYSCH ZONE CRETACEOUS STRATIGRAFHY

77

Continuation
=
!
= e
= | |53 |£€|%
Important microfossils S B = E: = =
12| 2| &% |2
E S| 2| 2|21 =2
f & @ | O = =
I ———" T | l T
Globolruncana vendricosa While : v | a ‘ > ] R
Globolruneana ex gr. elevala Brolzen | s o | Xx | L.
Stensidging diclgon Pokorny . XN - .
Sleinsidina pommerana Brolzen X XX -
Heusselln szajnochae (Grayb.) 4 XX XN X.
(ritmbelina globulosa (VY hrenbery) [ . s | e > o
Gilobotruneana ex gr. area (Gushman) . ee | XX NN -
Globolruncana sluarli (Lapparent) | " X 5 .
Aragonia frinitalensis (Cushman) 5 BN XX i
Bolivinoides decorata (Jones) X XX B
Orbiloides apiculala Schlumb. ; .. X .
Orbitoides medina Areh. . - . . xx | ..
Globotruncana conlusa (Cushman) | - . X | s |
Neoflabellina reticulala (Reuss) [= XX
Neaflabellina rugosa (A'Orb.) | % XX | F ‘
Pseudotertularia elegans Rzehak | .. . . . XX | .
Pseadolertularia acervalinoides (Egger) . ¥ W xx | s
Bolivinoides draeo (Marsson) i T |ONX ‘
| |
Table 16. Magura group — particular White Carpathians-Orava unit Hluk region
|
| l
I = = E |
. - = 1
Important microfussils ‘5 = g | = |
3 ot 2 =
g E = = |
o < a
Sl el el Rl
; RS | !
Frochammina globigeriniformis (J. & P.) . s | CREy || BN NX |
Dendrophripa exeelsa Graybowski ¢ XX N N
Reuassella szajnochae (Grzybowski) F i XX NN X
Pseudogaudrying pyramidata (Cushman) s i AN XX
Globolruneana ex gr, area (Cushman) . . o XX XN
Globotruncana stuarli (Lapparent) 5 i NX | XX on
Neoflabellina rugosa (A'Orb.) i N b
Psewdoparella alala (Marsson) | Rl XX
Rugoglobigerina rugosa (Plummer) - s XX .
Aragonia Irinilalensis (Cushman) . . . s XX
Chiloguembelina erinili (Glaessner) . ¥ s XX
Hormosina ovulum (Greybowslki) s X
Gilomospira irregularis (Grzybowslki) i LX o 4%
Reophax trinilalensis (Cushman & Renz) . . . WX X.
Rzehalkina epigona (Bzehalk) . - - WX X.
Rzehakina excelsa (Dylaz,) 4 . A X X.
Pseudogaudryina capilosa (Cushman) 2 e N
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Continuation
I - ‘ =
L z
= = £ i { =
Linportant microfossils = 2 | 2 | 3 z
S ‘ & | 2
Pseadogaudeyina compaecla Dam & Sigal 1 s ‘ i X i X
Muarssonella iv. spec, i Il NS ce | WX | XX
Spiroplectanumina denlafa (Alth) R S I Tl
Pseudoctavuling amorpha (Cushman) R X !
Dorothia bulletla (Carsey) ' e
Textulariellu crefosa Cushman | | VX | i
Palmuda jurvisi Cushiman | | .X .
Eponides hollii Cushman & Renz | ‘ X wis
Aragonia onezzanensis ey | 3 e (PR B i XX
Radioluria | 53 = i B | "l XX
- SO | .
Table 17. Magura group — Rad¢a unit
' = = 3
| Irnportant microfossils = =] = =
| = ‘ S | & o
| |
Marssonella oxgyeona (Reuss) = XX uu u
Gaudryina pyramidata (Cushman) v e = XX 1 uu
Reussella ex gr. szajnochae (Grzyb.) - e Sl N = S - j-
Globolruncana (ricarinala (Quereau) e - e | oxx ‘ N .
Globolruncana fornieata Plummer ey sis XX u.
(ilobolruncana ex gr. area (Cushman) PR R = N jh
Globolruncana stuarti (Lapparent) EIN s N | ih 25
Dendrophrya robusta Grzybowski I - .u b uu ue
Reophae {rinitatensis (Cushman & Renz) x| owe - u |l oun | oue
Nodellum velaseoense (CGushman) | IR IS i to|uc | ue
Hormosina ovulum (Grzybowski) | .- 4 .| osC | ue | ouc
Ammobaculiles fragmentarins (Cushman) s R ce
Haplophragmuoides caleula Cushman v [ cu | wu
Dorothia tenuis (Grzybowski) £ .y _— uu sie
Dioprothia bulletla (Carsey) 2 i i uu i
Pseudogaudryinella capilosa (Cushman) i s i uu u.
Textularin denlala (ATLH) .. .. .
1
Explanations: u — oceurences near Ujezd and Korytany, j — occurence near Jankovice,

h — ocenrence near Stari Hof, ¢ — oceurence near Cunin, X — these localities probably by the
lithology and microfauna represent fragments of Lthe Upper Cretaceous of the Toésnoviee section
of the Silesin—T¢Snovice unit closed in the Magura unit.
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cene to Lower Eocene lies transgressively on the older Cretaceous beds of the
Raca unit near Kurovice (E. Mené¢ik, V. Pesl, 1958).

The extent ol the Upper Cretaceous in the Raca unit is very little known.
We may say surely that in this zone as well as in the Magura (in the Mesozoic
of the inner parts of this group) and mainly in the interior klippen belt where
was a hiatus of great importance between the Paleocene and Upper Cretaceous,
locally lasting the Middle Eocene.

Conclusion

1. While in the Magura group the sedimentary cycle of the older Mesozoic
ended by the Turonian, in the exterior group on Czechoslovak territory, the
Turonian marked a beginning of a new Upper Cretaceous transgression from
the frontal part of the Carpathians. In general the Senonian (mainly its upper
part) is transgressive.

2. While the [lysch development of the Upper Cretaceous predominates in
the Beskid section of the Silesia-Tésnovice unit and in the unit of the Dukla
Tolds, in other parts of the flysch zone in the Turonian to Maastrichtian there
predominated [lysch-like (or other than [lysch-like) developments. Beds with
red claystones (calcareous) in the Upper Cretaceous are characteristic of the:
interior part of the Magura group, the Magura unit and south-western end
of the Silesia-Tésnovice unit.

3. In the exterior parts of the Magura group and also in other exterior zones
there was during the Paleocene (partly also later) denudation and redeposition
of clder, mainly Upper Cretaceous beds.

4. In the Subsilesia-Zdanice unit, mainly Upper Cretaceous is developed in
a facies of green-grey claystones and glauconitic sandstones. A great extension
of this unit is only found in the north-east Beskid section (probably primary).

5. While between the Upper Cretaceous and Paleogene in the exterior group
is the flysch zone sedimentation was not interrupted, in the Magura group
and in the Central Carpathians in the Paleocene sedimentation was interrupted,
in consequence of movements which caused an unconformable position of the
Paleogene on older beds.

Translated by V. Scheibnerova.
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