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VIERA SCHEIBNEROVA®

AN OUTLINE OF THE JURASSIC AND LOWER CRETACEOUS
MICROBIOSTRATIGRAPHY OF THE KLIPPEN BELT OF THE WEST
CARPATHIANS ON THE BASIS OF FORAMINIFERS

Abstract: The author gives an outline and perspeetives of Jurassiec and
Lower Cretaceous mierobiostratizraphy of the klippen bell concerning mainly the
nodosariids (foraminifers). She tries 1o characterize foraminiferal associations in
individual stages of the Jurassic and Lower Crelaceous and ecological and [acial
conditions of the klippen belt geosyneline.

Introduction

Jurassic and Lower Cretaceous biostraticraphy in the klippen belt as well as in other
West Carpathian zones was up lo the present based upon macroflossils (mainly anumo-
nites — Do Andrusov 1O38 1945, 1959). Systematical investigation ol the Jurassic
and Lower Cretaceous foraminilers has not vet been made.

First records of outwashed Jurassic and Lower Cretaccons foraminilers in the klippen
belt are known From the Gfteth years (I Lucezkowska 1952 I Birkenmajer
1963; E. llanzlikova 1963: O, Pazdrowa 1963: V. Kantorova el J. Sa-
laj [inD.Andrusovet E.Scheibner 1962]: M. Mi&ik 1951: V. Scheib-
nerova 1959, 1961). From the vear 1961, J. Salaj has studied Lower Crelaceous
microbiostratigraphy concerning mainly the Albian of the sub-Tatrie series.

Beginning the year 1959, I dealt among others with o svstematical colleeting and
study ol micropaleontological material of Jurassie and Cretaccous beds of the klippen
belt. T paid attention mainly to the localities with Tinds of ammonites. Unfortunately.
[ could not eolleel o microfauna in eomplete profiles due 1o unfavourable lithological
conditions (predominating limestones). A study of microlauna in thin sections did nol
afford a suitable material Tor micropaleontological investigation,

ixeept for circumstances mentioned | oassembled o quite considerable material
which allowed 1o give principal micropaleontological characteristics ol the sequences
studied. 1T hope they will serve as o starting-point ol a Turther study,

In the paper. T deal also with the AMbian 1o show the geadual ehanges of Toraminiferal
assemblages towards planktonies.

Principal Characteristies of the Jurassic and Lower Cretaceous Foraminifers of the
Area Studied

Jurassic and Lower Cretaceous sequences of the klippen belt of the West Carpathians
are characterized by Toraminiferal assemblages belonging 1o the Tamilies as ollows:
Reophacidae. Ammodiscidae. Lituolidae. Textulariidae. Trochamminidae. Verneuilinidae,
Valvulinidae, Ophthalmidiidae. Miliolidae. Nodosariidae. Polymorphinidae. Pleurosto-
mellidae, Spirillinidae. Discorbidae. Epistominidae. Globigerinidae. Hantheninidae. Glo-

* Prom. geol. V. Scheibnervova Cse. Department of Paleontology of the Faculty of
Natural Sciences, ). A, Commenius University, Bratislava, Gottwaldovo nam. 2.
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borotaliidae. and Heterohelicidae. Representatives of Nodosariidae, Discorbidae. Episto-
minidae. Globigerinidae and Globorotaliidae Tamilies predominate (Tab. 1),

Foraminifers of the complexes studied we may divide in three groups:

[. Stratigraphically important species.

2. Species. stratigraphical value of which is up to the present not adequately known
and studied in more complete profiles.

3. Long-ranged species without stratigraphical value.

In the [irst group one may place only a few speeies due to the absence of sufficient
criteria on their stratigraphical value for the area studied. To this group belongs
Involutina liassica (J o n e s) stratigraphical range of which was studied by M. M i&ik
(1961). ..Anomalina™ matutina ¥ ran ke, found in higher Lias of the Zazrivi klippen:
nodosariid foraminifers such as ave Nodosaria metensis T e v quem, Nodosaria fonti-
nensis (T ¢ rqueml. Nodosaria multicostata (B ornemann), Dentalina tenuistriata
(Terquem) and Geinitsina tenera pupa (T ervquem), Nodosariids are represented
by numerous species with a narrow stratigraphical range.

From among Lower Crelaccous species of Gavelinella and Epistomina genera and
a majority of plankionie forms belong to this group.

The second group comprices predominating part of nodosarviids. Turther ophthal-
midiids. Polymorphinids. Valvulinids and Textulariids.

The thivd group is formed of representatives of Anmnodiscidae Tamily and some
species of Lenticulina and Nodosaria genera.

Preservation of foraminifers dealt with is under influence of a degree ol recerystalliza-
tion. Morphological details are mostly wiped out. mainly in the case of stratigraphically
older specimens.

Foraminiferal Characteristies of the Lias

The most complele material of Toraminilers comes from Liassic sequence ol the
Kysuca series of the Zizrivda klippen. The sequence mentioned is formed ol spotted
marly limestones intercalated with spotted dark grey shales.

In lower parts of the Liassic sequence of the Ziazviva klippen. o microlfauna was
found characterized by the ocenrrence of Involutina liassica (J ones) and it corresponds
to upper part of the Lower Lins. Execept for the species mentioned there were found
foraminilers: Nodosaria fontinensis (T e vq ue ml. Nodosaria metensis T e v quem. No-
dosaria columnaris ¥ van ke, Dentalina tenuicostate (T evqueml, Dentaling velu-
stissima 'O vbhieny. Lenticuling radiata (T evquem). Lenticulina inermis (1 e r-
queml. Lenticulina inaequistriata (T evquem).  Lagena tenuicostata  IFranke.
Frondiceularia suleata (Bornemann). The species were found at the place where
D. Andrusoyv (1931) found Avicula (Oxytoma) inacquivalvis sinemuriensis {70 r-
bigny., Rhacophyllites quadrii FVucini. FEeloventrites purkynei Andrusov.
Arietites (Echioceras) raricostalus ravicostatus (v. Zieten). Arietites (Echioceras) rari-
costatus quenstediti (Cha fh) and Oxynoticeras perneri A ndrus oy, This ammonite
fauna corresponds (o the Upper Sinemurian,

Iigher. in marly spotled. dark grey shales. forming continued 1—3 m interealations
hetween limestones. a microlauna with no Involutina liassica (Jones) was Tound, It
was composed of these species: Ammodiscus sp.. Valvulina sp., Ophthalmidium con-
centricum Tevrquem o Berthelin)l. Nodosaria cf. wariabilis Tevquem el
Berthelin, Nodosaria kuhni Franke. Nodosaria fontinensis (I ¢ rquem). No-
dosaria metensis T evquem. Dentaling tenuistriata (T erquemi. Dentalina ef. ve-
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tustissima d'Orbigny. Dentalina sublenuicollis Franke. Geinitzina tenera pupa
(Terquem). Lenticulina inermis (T'cvqueml. Marginulina prima 'O rhigny.
Frondicularia saceulus Tervqguem and Glandulina septangularis Bornemann In
this sequence, D, Andrusov (1931 identified an ammonite Harpoceras (Gramnio-
ceras) celebratum (Fucinil and in marly spotted limeslones. oceurring in connection
with the former shales, ammonites Amaltheus (Amaltheus) margaritatus Mo n t-
fort and Harpoceras (Arietites) sp. ind. (logether with V. Jantsky. see D. An-
drusov 1931, p. 34).

The top of the Kysuea series Lins with microfauna belongs o the Toareian.
Lithological character is eclosely allied 1o the latter horizons of the sequence studied.
A species content of the latter was Tollowing: Ammodiseus sp. Ophthalmidivun con-
centricum (Tevquem et Bevthelin), Nodosaria multicostata O rhigny.
Nodosaria  [ontinensis  (Tevquem), Nodosaria metensis Tevquem, Dentalina
pseudocommunis I ran ke, Dentalina cl. vetustissima 'O rvbigny, Dentalina sub-
tenuieollis Franke. Geindtzina tenera pupa (Tevquem). Lenticulina subradiata
Kaptarenko-Cernousova. Lenticulina parallela (R e ss), Lenticulina scalpta
Franke. Lenticulina polymorpha (1 e v quem), Lenticuling semiineisa (T e rquem
et Berthelin), Lenticulina acutiangulata (T ¢ v qu e m). Lenticulina bicostata (1 e r-
quem el Berthelinl, Lenticulina d’orbignyi (Rocmewv). Marginulina prima
dOrbigny (The two last species occur in abundance and characterize the whole
assemblage),

In the Podbicl sevies. in red shales of the Toarcian of the Cerveny Kameii klippen
near Podbiel (Orava) C. M. Paul found a Tauna revized by Do Andrusov (1931
namely: Nautilus sp. ind. Phylloceras nilssoni (I1 ¢ b.). Lytoceras sp. ind.. Hammato-
ceras (Hammatoceras) sp. ind. Hanmunatoceras (Haugia) sp. ind.. Harpoceras (Hildoceras)
bifrons (B3 vru g.). Coeloceras (Peronoceras) subarmatum (Y. —B.) and Coeloceras (Daety-
lioceras) conununae (S o w.). Near the place of the occurrence of the species mentioned
a microlanna of a similar charaeter ad that of the Kysuea series Toarcian was Tound.

Comparing assemblages desceribed one may see following: the species [nvolutina
liassica (J o nes) oceured only in the lowermos parl of the Liassic sequence studied.
Ammodiseidae Tamily begin to oceur in higher parts (second and third horizons). as
well as Ophthalmidiidae Tamily and a distinet species Margimulina prima and Dentalina
subtenuicollis.

'rom among nodosariids only Nodosaria fontinensis (T e v queml. Nodosaria me-

tensts T evqguene and Frondieularia suleata (B ovnemann oceur in all Lins
horizons al the loeality studied.

In the second and thivd horizons. we meet the species Dentalina tenuistriata U1 e r-
quem), Dentalina vetustissima 'O vbigny and Lenticulina inermis U1 e v guem),

Nodosaria columnaris 1'van ke, Lentieuling radiata (T ervquem). Lenticulina
inaequistriata (T e v quem) and Lagena tenuicostata 1 ran ke were found only in
the Towermost part of the sequenee,

Only in the second part there were Tound Nodosaria of, variabilis T erquem el
Berthelin, Nodosaria kulini Vranke. Geinitzing tenera pupa Tervqguem).
Frondicularia sacculus T evrquem and Glanduling septangalaris 3o rnemann.

The thivd horizon contained only a minute amount of species common in two lower
horizons., The majority of assemblage was formed of different species:  Lenticulina
subradiata Kaptarvenko-Cernousova, Lenticuling parallela (Reuss). Lenti-
culina scalpta 1" v an k e. Lenticulina polymorpha (T e v q uem), Lenticulina semiineisa
(Terquem et Berthelinl Lenticulina acutiangulata (T e v q uem). Lenticulina
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bicostata (Terquem et Berthelin). Lenticulina d’orbignyi (Lo e m e ). Lingulina
esseyana D e e e ke Lagena tenuicostata pselentsehiensis NMlamontova and Cron-
dicularia sp.

Except for formerly mentioned. T must point oot that mainly in higher hovizons
there are abundant ostracods (smooth types). in some samples predominating.,

Foraminiferal Clharacteristios of the Dogger

Dogger microfauna found in the klippen belt corvesponds mainly with lower parts of
this stage (Aalenian). The best preserved and vichest in speeies microlauna was Tound
in the Murchisonae beds of the Czertezik series. At the Litmanovi locality. in greal
number there were lfound these species: Quinqueloculina sp.. Lenticulina  subalata
(Reuss). Lenticulina varians (Bornemann), Lenticulina d'orbignyi (o emer).
Lenticulina muensteri (R o emer). Patellinella sp.. Lagena tenuicostata pselientschiensis
Mamontova a Epistoming nuda T'erquem,

Together with the assemblage mentioned. except for shells of Posidonia alpina G va s
(fossilized in pyrite) there were determined rare specimens of Cenoceras lineatus (S o w.)
and mediterranean types of ammonites (. Scheibner 1963): Prychophylloceras.
tatricum (P us e h). Piychophylloceras chonomplalum (N ae ¢ k). Calliphylloceras con-
neetens (Zittel). Lytoeeras rubescens (N ace k). Lytoceras rasile (D um). Lyloceras
sp. and westand middle European (vpes: Ludwigia murchisonae (S o w.). Ludwigin
obtusiformis (Buekm.). Brasilia bradfordensis (Bu ek ml. Graphoeeras concavum
formoswm  (Buckm.). Graphoceras V-seviptum (Bu ek, Graphoceras  casta
(Buekm.). Graphoceras robustum (B u ek m.). Graphoceras tenuis (Bu ek m.), Hy-
perlioceras discites (waagenl. The fauna listed characterizes three top subzones of
the Lower Bajocian (Aalenian). namely murchisonae. bradlordensis and  concavum
zones. Moveover. Hyperlioceras diseites 1s an index species of the lowermost subzone
of the Middle Bajocian — diseites subzone (according 1o . Scheibner 1964).

In the same beds. at the same locality (Litmanoval. E. Hanzlikova (1963
identified the follwing species of Toraminiler Lenticulina ( Robulus) miinsteri (R o ¢ m.).
Citharina sp. and Epistomina cf. ornata (Roem.). East of Jarabina locality. in the
flveh Aalenion sequence B Hanzlikova (19590 Tfound Lenticulina (Astacolus)
briickmanni M jatljuk, Lentieulina varians (B ron). Lenticuling prima (Bielecka
el Pozaryskil and Lenticulina miinsteri (Roemer),

In the Posidonia marls near Zazriva locality. 1 found Ammod seus sp.. Nodosaria
fontinensis T'crquem. Nodosaria nitidda 'I'ervquoem. Lenticuling  inaequistriata
Tervquem and Lenticulinag muensteri (R o em.).

Foraminiferal Charaeteristies of the Malm

The Malm sequences ol the majority of klippen servies and developments s mainly
composed of green and red radiolarites and radiolarite limestones ol deep-waler cha-
racler, Locallv. between radiolarite beds [ine siliceous shales oceur in ol some cm
thick layers. Characteristic occurrence of these rocks is in the quarry before Trsteni
(Orava). Except for numerous Radiolarias of various types (predominantly Spumellaria.
less Nassellaria). there was found Lenticulinag tumida M jatljuk in these shales.
The species is characteristic for the Middle Kelloway to Oxford (it corresponds to the
assumed age of the radiolarites), Searce specimens of the species mentioned were quile
corroded which may serve as evidence of redeposition of it from shallower parts of
the bhasin,
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Foraminiferal Characteristics of the Valanginian

Valanginian mierolauna of the Tethyan region and west-luropean areas has some
common signs with Jurassic microfauna. The main part of the Yalanginiam assamblages
is formed of nododsarids as in the Jurassic. although there oceur different species of the
family mentioned. Other families are less important i assemlbages of this stage of
the Lower Cretaceous and representatives of Globigerinidae are absolutely absent.

The most common species occurring in the Valanginian of the avea studied arve:
Ammodiseus  sp.. Trochammina  concava  Chapman,  Meandrospirawashitensis
LLoeblich et Tapp an Dentalina linearis (R oemer), Lenticulina tricarinella
Neussl. Lenticulina incurvata (W ewss).  Lenticulina savonica bifurcilla B ar-
tenstein et Brand. Lenticulinag sp.. Lenticulina ouachensis (Sigall. Lenticulinag
calliopsis (R e uss). Lenticulina subalata (3¢ wss). Lenticulina eichenbergi 1 ar et n-
stein. Lenticulinag sigali Bartenstein, Bettenstacdt el Bolli. Lenti-
culina subalatiformis D a i n. Marginulina striatocostata (1N e u s s). Vaginulinag gibbosa
(Terqguem). Vaginulina recta (Reuss). Psewdoglanduling sp.. Spirilling minina
Schaceko, Gavelinellu barremiana Bettenstaedt. Globorotalites bartensteini in-
tercedens Beltenstaedl.

These species were found at the loeality southwest of Myjava (a quarey near a road.
Kysuea series). The other locality rich in Valanginian foraminifers is in the cul of a
road Trom Povazs

Bystrica to Belusa, However, position of the last occeurrence is
up o the present not clear.

The main part ol species oceuring in the Valanginian has a wider stratigraphical
range and therefore is quite difficull 1o divide more detailly this stage only on the
hasis ol Toraminilers,

Foraminiferal Characteristics of the Hauterivian

Microfauna of the Hauterivian has many common features with that of the Valan-
ginian. Therefore it is very difficult and in many eases impossible 1o distinguish these
lwo stages only on the basis of microfauna (foraminifers). There are but some species
found only in assemblages yvounger than Valanginian, namely Discorbis swvassoeswizzi
Djallarova—Agalarova and Epistomina caracolla (Roem er) which were
not found in Valanginian assemblages. Unfortunately. we have only rare localities
where together with a microlauna also ammonites or other macrofossils occur. In the
klippen belt of the West Carpathians. there are two localities which may be regarded
as of Tanterivian age: Clenkovee northwest of Nové Mesto nad Vihom and a part of
Lower Cretaceous complex of the Cervent Kamen klippen (near Podbiel. Orava). In
the Tatter klippen. D Andrusov (1945 quotes Holeodiscus (Spitidiscus) incertus
d'Orbigny) from shales with the following miceolauna: Glomospira pusilla (G e i-
nitz. Trochammina concava Chapman. Clavuling sp.. Nodosaria  sceptrum
Reuwss. Dentalina linearis (Roemer). Lenticuling sp..  Lenticulina  muensteri
Roemer). Lenticulina tricarinella (Reuss). Lenticulina incurvata (R cuss) Len-
ticulina ouachensis (Sigal), Lenticulina calliopsis (Reuss). Lenticulina subalata
Reuss). Lenticulina eichenbergi Barvtenstein et Brand, Lenticulina sp., 2.
Marginulina striatocostata (R e us s). Vaginulina recta e w s s. Tristix insignis S ¢ h a c-
ko, Gyroidina sp.. Gavelinella barremiana Bettenstadl, Epistomina caracolla
Roemer) and Epistomina sp.

The assemblage listed is very similar 1o Valanginian one, from which only in the
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presented representatives of the genus Epistomina arve some differences. A new Teature
is Lthe appearance ol this genus.

Foraminiferal Characteristics of the Barremian

Barremian sequences in the klippen belt have very unlavourable lithological chavacter
from a view of a collecting of micropaleontological material. The most common are
complexes of limestones with scarce interbeds of hard, frequently sandy shales. There-
fore, occurrences of Barremian microfauna are very rare as well as those with Barremian
ammonites. Microlaunistic criteria for distinguishing this stage in the klippen belt are
up to the present not reliable.

On the whole, Barremian assemblages are ol a similar charvacter as those of the
[Tauterivian or Valanginian. There are some slight differences in discorbids. T have not
vel found rvepresentatives of the genus Hedbergella in this slage.

At the locality sonth of the settlement U Holicov., Rudina klippen near Zilina and
Cerveny Kamen Klippen near Podbiel (Oraval. there was Tound the Tollowing micro-
launa, regarded as Barremion: Tritaxia pyramidata R euss, Lenticuling incurvata
(R euss). Lenticulina ouachensis (Sigal). Lenticulina calliopsis (R e uss). Lenticulina
subalata e wss. Lenticuling eichenbergi Bavtenstein et Brand. Discorbis
wassoesvizzi D jaflavrova-Agalarova Gavelinella e, complanata R e u s s. Gave-
linella sp.. Gavelinella cf. flandrini M oullad e, Gavelinella barremiana intercedens
Bettenstaedt and Epistomina caracolle Roemenr.

[n connection with the assemblage mentioned. there was found Barremites ¢f. charriert
WOrbigny) D. Andrusoyv 1943 in the Cerveny Kamei klippen.

I'rom the data mentioned is clear that only on the basis of Toraminilers it is very
diffienlt to distinguish Valanginian. Hauterivian and Barremian. At some localities.
there were Tound in various amounts ostracods, The Tarther study of them will show
their steatigraphical value,

Foraminiferal Charactevistics of the Aptian

Oceurrences of Aptian microfauna are quile rave. due o unlavourable lithological
character of Aptian sequences (predominating limestones or sandy limestone). From these
rocks it is impossible by current micropaleontological methods to obtain isolated
specimens. suilable Tor Turther study. Aptian limy shales of the Kysuea series alforded
the best material.

Aptian microfauna is characterized by the presence of tvpical Lower Cretaceous types
of loraminilers: Lenticulina muensteri (Roemer). Lenticulina ouachensis (Sigal).
Lentieulina crepidularis (R o e moe ). Turther representatives of the genus Epistomina:
Epistominag ornata (1% 0 ¢ m e vl.Epistomina cretosa T e n D am. of the genus Gavelinella
Gavelinella el complanata (B euss  Gavelinelle barremiana Bettenstaedl

[ixeept lor these species. less important are agglutinated foraminifers belonging to the
genera Anumodiscus, Glomospira and Trochammina.

In the Aptian ol the Klippen belt as well as of other Tethyan arveas we meet represen-
tatives of Globigerinidae and Globorotaliidae Tamilies which give younger character to
associalions of the Aptian. Very numerous are minute individuals of the genus
Hedbergella., Globigerinella duboisi Chevalier and Globigerinella gottisi Ch e-
valicer. These species make very often a main part of Aptian assemblages.

Representatives of Nodosariidae Tamily arve less important comparing with older
stages of the Lower Cretaccous. More abundant are mainly epitsominids and discorbids.
the most important constitnents of Aptian assemblages.
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Foraminiferal Character/stics of the Albian

During the Aptian and Lower Albian the representation changed towards Discor-
bidae, Globigerinidae and [Epistominidae Tamilies. Nodosariidae [amily is much less
important. although it takes a part in shallower associalions.

Oceurrence of well preserved Albian complexes are quite numerous in the klippen
belt. From among best localities I have to nole a profile ol the Rudina Klippen, the
most complete section of the Kysuea series. Lithologically. there oceur grey’spotted
marly shales. very characteristic for the Albian on a whole. Benthonic species of the
Lower and Niddle Albian are mostly composed ol these species: Trochamniina concava
Chapman, Ammobaculites suberetaceus Cushman et Aexander, Lenticulina
prima d'Orbigny. Lenticulina muensteri (Rocme ). Ramuling spandeli (P aal-
70w, Dentaling subguttifera Bartenstein Spirillina minima Ch a e ko, Discorbis
ef. wassoewizzt Djallfarova-Agalarvova Gavelinella flandrini Moullade,
Gavelinella ef. complanata (e ws ). Epistomina spinulifera (R e s sl and Epistomina
eretosa Ten D am.

A plankton is represented by the species: Hedbergella infracretacea (Glassner).
Globigerinella sp. Hedbergelles come also 1o the Upper Albian, in the klippen belt
characterized  almost  exclusively by planklonic assemblages with Ticinella  roberti
(Gandolfi), lirst volalipores: Rotalipora ticinensis alpha (Gandolfi). and Rotali-
pora ticinensis tipica (G an d ol ). Further very important species of the Upper Albian
are: Biticinella breggiensis (Gandolli) and Planomaling buxtorfi (Gandolfli).
The benthos of the Upper Albian is very similar to that of the Lower Albian — i, e
mainly epistominids and discorbids.

The microfauna of the AMlbian (mostly Upper) helongs to the best distingn shable, From
time Lo time there oceur some discerpanees in stratigraphical evaluation of some species
(mainly Ticinella roberti [Gandolli]) in literature, but il comparing with a macro-
the Upper
Albian over the Mediterranean aren. including the area studied. One may say the same
about Biticinella breggiensis (G andollD and Plawomalinag buxtorfi (Gandolli)

fanna is always clear very constant oceurrence of the species mentioned

which do not oceur lower than in the upper part of the Abian (eather higher),

Sone Notes 1o Feological aned Facial Features of the Jurassic aned Lower Cretaceous
nf the KH;:;M'H Belt u;" the West Carpathians

oS eheiboer (1964) has divided the Pienidy geosyneline to three prineipal parts
representing  large blocks  divided themselves by dislocalions [orming the Pieniny
lincament. These blocks (or areas) have uniform but specilical paleogeographical and
facial development. They are as follows: northern intrageanticlinal (where deposited
sequences of the Czoesziyn series and some of transitional developments). central in-
trageosyuelinal (Kysuea—Branisko and Pieniny series replacing themselves) and southern
intrageanticlinal  (Klape  Haligovee and  exotie sevies) areas. In lransitional  areas.
transitional developments were deposited between the mentioned prineipal areas,

Studiing the ecological relations. 1 was limited by material to the Lias of the in-
trageosynelinal avea (Kysuea series). Lower Dogger of the northern intrageanticlinal
area (Czertezik and Czorsztyn series) and intrageosynelinal area (Kysuea series), Upper
Dogger Lower Malm ol the intrageosvnelinal area (Kyvsuea series and Podbiel devel-
opment). The Lower Cretaccous of mainly intrageosynelinal area and the Albian of
almost all paleogeographical aveas alforded comparatively more abundant material.
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Very rvich benthonie microfauna occurs in the Lias. mainly in the facies of spotted
marly limestones and shales of the Kysuca series. 1t is represented mainly by
nodosariids. Unfortunately. they do not reflect enough the ecological conditions. We
may distinguish here three groups of assemblages. In the lirst group (the lowermost
horizon in the profile of the Lias of the Zazviva klippen). Involutina liassica (Jones)
is a very distinet element. This species occurs al other places (M. Mi&ik 1961) in
association with shallow-waler organisms (in organoclastic facies). The second group
and also the third one (in the profile higher) have analogical composition in regard 1o
nodosariids. More distinet difference is a lack of Involutina liassica (Jones). This
species is in a certain sense replaced by numerous individuals of the genus Ammodiscus.
One may see inereasing number of representatives of this genus in higher parts of the
profile of the Zazriva klippen studied.

The mentioned may perhaps serve as evidence of gradual decpening of the Tacies of
spotted marly limestones and shales. However. it may be caused also by other reasons.

Assemblages of mainly lower parts of the Liassic prolile studied are being composed
ol abundant ostracods which up to the present have not yvel been a matter of my study.

The facies of spolted marly shales and limestones according to D, Andrusov
(1959) represents probably an equivalent of the Recent terrigenous blue mud which
was deposited in open sea (not very deep) with considerable rate of sedimentation of
organic malerial. In consequence of this in a certain depth redueing environment
originated in a sediment. Less convenient explanation of the origin of this facies in
the Central West Carpathians is [requently quoted opinion aboul hydrogene sulhpide
iflestion of a cerlain water layver above the sea-floor. This opinion is supported by the
absence of benthonie fauna. However, according to my results. the benthonic fauna
(and also microfauna) is characteristic for this facies. even if a maecrofauna of
cephalopods (ammonites and belemnites) and lamellibranchs [Posidonia alpina (G ras)
— 1his species very probably planktonie. at least in juvenile stages! does not afford
evidence aboul the character of environment.

In the klippen belt, not only in the Upper Lias bul also in the Lower Dogger, we
meet rock sequences with higher content of hituminous materials. As 1 have mentioned.
in publications dealing with the Central West Carpathians. the authors suggest the
origin of these sequences in ..cuxinic™, nol ventilated, or little ventilaled environment;
they very [rvequently speak about a saturation of hyvdrogene sulphide. However, the
benthonie mierofauna (mentioned yel at the other place) was found in the Upper
Liassic marls (.Fleckenmergel” facies) and also in the Lower Dogger shales (Mur-
chisonae and Posidonia beds). The benthonice fauna (mainly gastropods) is less numerous.
but together with the benthonic microfauna may serve as evidence against the existence
of environment salurated by hydrogene sulphide.

The question of bituminous sequences is up to the present not adequately solved. An
amount of bituminous material in a sediment depends on that of transported organie
malerial and of ils proportion to anorganic malterial which was not oxydized during
transport and sedimentation. and deposition ol anorganic material is quick. reducing
conditions originate in a sediment. Reducing environment influences the diagenetic
processes which lead to the origin of a deposit rich in bituminous material and mainly
pyrite. Surrounding waler. however, need not be saturated by hvdrogene sulphide. It is
so only i the case when deposition of anorganic material is not intensive and does not
cover the organic material. The latter decavs in the water at the bottom and not in
a sediment as in the [irsl case.

All these phenomena arve influenced also by the presence or absence of sea currents.
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More complete assemblages of Dogger foraminifers are known rom dark bituminous
shales. the so-called Murchisonae beds of the Czerlezik series (northern intrageanticlinal
area). It is interesting that 509, of the assemblage is formed of other groups than
nodosariids. Representatives of Epistominidac (Epistomina nuda T erquem) and
Milliolidea (Quingueloculina sp.) one may regard on the basis of comparison with data
given by authors studiing ecology of both Recent and fossile foraminilers as indicalors
of a shallower facies. In the Posidonia beds of a similar age (Kysuca series), quile rich
microfauna of foraminifers characterized among others by numerous representatives of
Ammodiscus was also [ound.

During the Middle Dogger the intrageosynelinal arvea deepened. a sequence of the
Posidonia bheds was rveplaced by the super-Posidonia beds. Very typical is a change of
sponge microfacies to sponge-radiolarian (E. Scheibner 1964).

A deepening of the Pienidy geosyneline ab the end of the Dogger and a shallowing
in the Malm is a diachronic process which began earlier in the intrageosynelinal than
in the intrageanticlinal areas. This process is gradual as shows a symmelry of litholacies
in some Lransitional developments. One may see the following sequence of lithofacies:
lower nodular limestones, red radiolarvites. green radiolarites. red radiolarites and upper
nodular limestones (K. Bivrkenmajer 1963).

Locally, between radiolarites and limestones of this type. thin intercalations of shales
oceur with various types of radiolarias. At the locality (n quarry) near Trstena (Orava)
in such shales (between radiolarvites and radiolarvile jaspers). except for numerous
radiolarias. Lenticulina tumida M jatljuk and other undeterminable nodosariids
were found. Tt is known that radiolarian rocks need not origin only in a deep-water
environment. however, in one case mentioned 1 have some reasons lo suggest thal
these radiolariltes oviginaled in relatively deep environment. thought we cannot compare
them with the Recent abyssal deposils. 1t is necessary 1o stress rather their pelagicity.
As evidence of a deep-water orvigin of the radiolarvites studied may serve the following
features: symmetricity of distribution of facies, a lack of coarse-clastic terrigenous
fragments and a lack of benthonic launa. The macrolauna of these beds is composed
of aptichi exclusively.

In the intrageanticlinal areas, mainly organoclastie limestones oceur. In thin sections
from these rocks. there are many benthonic Toraminifers.

A distinet shallowing in the whole Pienidy  geosyneline manifested  from  the
Iimmeridge. It is in connection with synorogenic neocimmerian movements which took
place most distinetly in the northern intrageanticlinal arca. At the end of the Malm and
Lower Cretaceous. also in the intrageosynelinal and southern intrageanticlinal areas,
sedimentation settled. the sequence of the Biancone lacies deposited. Sedimentation in
the northern intrageanticline was strongly influenced by neocimmerian movements.
Mainly organoclastic limestones originated. and frequent are sedimentary gaps, hard-
grounds and submarine erosion (I, Birkenmajer 1963,

From the biancone facies a pelagic microfauna composed ol tintinnoid infusorias.
coccolites. stomiosphacres and radiolarias 1s well known. Loeally, in the upper part of
the sequence benthonie foraminifers oceur with more than 60 % of nodosariids. Very
characteristic are mainly sculpturved types of the genera Marginuling and Lenticul'na,
although the intensity of ornamentation is far [rom that in epicontinental forms.

Hauterivian microfauna of shallower tvpes ol the Kysuea series is of similar com-
position. [owever. very distinel are representalives of the genera Gyroidina, Discorbis
and Gawvelinella. and on the other hand Epistomina. Discorbids prefer deeper walers:
epistominids one may regard as shallower elements of the Albian and Aptian.
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At the end of the lLower Cretaceous, a parl ol the southern intrageanticlinal area
emerged; in shallower laecies, sequences of organoclastic limestones originated as well
as in the High Tatric area. Shallowing of environment has manifested in increasing
amount of the benthos and on the other hand in the presence of shallower tvpes of
foraminifers. Shallower lacies are rich in representatives of the genus IEpistomina which
appear and lake a part in assemblage everywhere where became shallowing and sequen-
ces of sandy shales originated.

At the beginning of the Middle Cretaceous, sedimentation in the Pienidy geosyneline
became quite settled except for the southern intrageanticline. There deposited mainly
sequences of marls, marly shales, aleuroliths, marly limestones characterized by pelagic
microfauna ol globigerine-like foraminifers and radiolarias (globigerine-radiolarian heds
of K. Birkenmajer 1957) which are frequently in rock-fTorming amount. In the
northern intrageanticlinal area, these rocks of pelagic character are sometimes in trans-
gressive position.

Emergion of the southern intrageanticline influenced a deposition in adjacent areas:
they have a flysch character, [requently with intercalations ol exotic conglomerates.

Pelitie components of the flysch sequences come rich in assemblages with predominant
benthonie foraminilers. The microfauna has a similar composition as we have observed
in the Aptian. Very characteristic is prevailing of some species mainly of the genera
Haplophragmoides and Haplophragmium. Anomalina, Discorbis. Gyroidina. Gavelinella
and Epistomina. On the whole, these assemblages are characleristic of not very deep
sea, although far not all elements mentioned are distinetly shallow-walter.

Very important task in the sediments of the mentioned types plays a rvedeposition of
microfauna and also of whole fragments and blocks of older rocks. One must take this
in account reconstructing the paleogeographical and paleoecological conditions.
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