SGEOLOGICAL MAGMNE

Microbiostratigraphy of Pelagic Berriasian and Valanginian Sediments in the
Western Carpathians in Relation to the Western Mediterranean Region

(Tunisia, France)

VLADIMIR BORZA'! — JOZEF SALAJ> — ANNA ONDREJICKOVA!

'Dionyz Star Institute of Geology, Mlynska dolina 1, 817 04 Bratislava
2Geo]ogical Institute of the Slovak Academy of Sciences, Dibravska cesta 9, 842 26 Bratislava

Introduction

In view of the fact that occurrences of ammon-
ites - representatives of the orthostratigraphic scale
- are in Berriasian sediments of the Western Car-
pathians a great rarity and their more abundant oc-
currence is dated only from the upper part of the
Lower Valanginian (cf. VASICEK, 1991), stratigraphic
studies are based on calpionellid microfauna. De-
tailed calpionellid zoning (ALLEMANN et al. 1971,
REMANE et al. 1986) became the starting point for
parabiostratigraphic correlations with other fossil
groups - aptychi (VASICEK, 1991, BORzA — VASICEK,
1993, VASICEK et al., 1994), calcareous dinoflagel-
lates (BORzA, 1969, 1984, REHANEK, 1992), cal-
careous nannoplankton (BORrRza et al., 1980,
HALASOVA — BORzA, 1992). The least elaborated
was the correlation of calpionellids with radiolarians,
which we shall treat with increased attention.

To the contrary, biostratigraphy of Berriasian and
Valanginian sediments of northern Tunisia and
southern France is based, besides on calpionellids,
mainly on ammonite and foraminifer classification

(cf. BUSNARDO et al. 1979, MAAMOURI — SALAJ et al.
1994). Especially the ammonite group allows to
make detailed conclusions on the character of
sedimentation environment.

Western Carpathians
a) Lithofacial evolution

The character of Berriasian sediments is deter-
mined by changes on the boundary of the Jurassic-
Cretaceous period. Rapid development of calcare-
ous nannoplankton (especially nannocons), the
skeleton remnants of which form 60 and more per
cent of the rock, caused rapid fall of the calcite
compensation zone level (GARRISON — FISCHER,
1969) and influenced the type of sediments in the
whole Tethyan area.

Limestone formations of the biancone facies,
locally described also as "Oberalm Beds", "Venetian
Biancone Formation", "Calcare Rupestre”, "Svaljav-
ska svita" etc.(cf. WIECZOREK, 1988) formed in
eupelagic environment, and deposited at the rate
from 5 to 30 mm for one thousand years. They
contain rich associations of calpionellids and cal-
careous nannoplankton. Representatives of benthic
organisms are practically missing here, remnants of
nektonic organism are relatively rare.

Calpionellid-nannocon biomicrites described in
older literature as "limestones with Calpionella al-
pina" (KOUTEK — ANDRUsOV, 1927) "limestones of
biancone type" (e.g. ANDRUSOV, 1959, K. BORzA,
1969) are also a characteristic Lower Cretaceous
facies of the Central Western Carpathians and the
Klippen Belt (Ladce Formation of the Manin Unit,
Padla voda Formation of the Vysoka Unit, Osnica
Formation of the Zliechov Unit, Lu€ivha Formation
of the Tatricum, lower part of the Pieniny limestone
formation of the Kysuce and Pieniny Unit of the
Klippen Belt).
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This sedimentation of pelagic carbonates of the
monotonous "Neocomian” facies continued uninter-
rupted also during the Valanginian period. The
limestones are of micrite or biomicrite character.
They differ from Berriasian sediments by their
higher proportion of the marly admixture and more
frequent occurrence of cherts and marly intercala-
tions. A spotty structure is characteristic for some
developments (Mraznica Formation of the Zliechov
Unit, upper part of the Pieniny Limestone Forma-
tion). Spotty structure is characteristic also of mic-
rite limestones of the Kostolec (Manin Belt) and
Rohata Skala (=Cho¢) Unit of the Strazov belt
(SALAY, 1995).

Tectonic activity of the finishing Late Kimmerian
movements is documented by beds of the
Nozdrovice breccia. In the Outer Carpathians, the
Oliveta and Kopfivnice limestones deposited on
shallow marine elevations (Bassky development).
On the other hand, characteristic for basin parts of
the Godul development is sedimentation of the
Tesin limestones of turbiditic character.

b) Distribution of microorganic remnants

Calpionellids (Calpionellidae BONET, 1956) were
a component of the planktonic ecosystem of the
first depth level in the Tethys ocean, on the bound-
ary of the Jurassic-Cretaceous period. The evolu-
tion of the branches of this family, according to pre-
sent knowledge, covered a period of 15 million
years (HOUSA, 1990).

These planktonic microorganisms were rapidly
spread by sea currents, which explains the identical
composition of associations in the whole area of
their occurrence. Their geographic explosion within
the Tethyd province includes an area from eastern
Mexico, Texas, Venezuela and Cuba in west, to
Iran, Oman and Kiogar nappes of Tibet in east.

For this reason, calpionellids, as generally known,
are of great stratigraphic importance and they are be-
sides ammonites a key group for fine biostratigraphic
zoning of the Middle-Upper Tithonian, Berriasian and
Lower Valanginian. The last occurrences of represen-
tatives of Calpionellidae BONET are associated with the
Hauterivian (BORzA, 1984).

The systematic position of calpionellids is de-
termined by the character and structure of their test
- lorica. Their lorica is formed by spiral-like arranged
calcite prisms, oriented perpendicularly to the sur-
face (AUBRY et al. 1976). In spite of the generally
accepted opinion CoLom (1948), BONET (1956),
TAPPAN-LOEBLICH, (1968), BORzA (1969), REMANE
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(1969a, 1978) stated that calpionellids are not fossil
tintinnids, since their test consists primarily of cal-
cite. Recent tintinnids represent a substantially
more significant morphological group than cal-
pionellids and especially the chemistry of tests is in
both groups different. REMANE (1969a) supported
his statement of primary calcite character of cal-
pionellid tests by the following arguments:

Findings of sandy foraminifers, which had not
been calcified in calpionellid limestones, with differ-
ent crystallographic orientation of the collar and
test, of the genus Calpionellopsis CoLom, 1948,
which excludes calcification post mortem. On the
other hand, tintinnids have organic lorica and at
some species the surface is agglutinated. Accord-
ing to REMANE (1978), taxonomic position of Cal-
pionellidae BONET, 1956 remains unclear and this
author suggests to classify them with protozoans,
with unsure systematic position.

The importance of calpionellids for the zoning of
the uppermost Jurassic and Lower Cretaceous is
determined by their abundant occurrence, rapid
evolution, relatively easy identification of taxons,
advanced elaboration of biostratigraphic zoning and
continuous paleotologic record of the development
of individual branches, allowing so-called phylioge-
netic control of biostratigraphically important chan-
ges in associations.

Although evolutionary changes in this group
were not as important as in ammonites, they pro-
vide useful boundaries for stratigraphic correlations.

The foundations for caipionella scaies have
been iain down in the works of REMANE (1969b), LE
HEGARAT — REMANE (1968), K.BORzA (1969), AL-
LEMANN (1970), CATALANO — LIGUOR! (1971), FARES —
LASNIER (1971). Standard calpionellid biozoning for the
Mediterranean province has been elaborated by
ALLEMANN — CALTALANO — FARES — LASNIER (1971).

On a colloquium in Lyon and Neuchétel in the
year 1973, one of three variants was proposed, to
shift the boundary of the Berriasian to the base of
the ammonite zone Berriasella jacobi, which would
result in the boundary Jurassic-Cretaceous running
between the calpionellid zones Crassicoliaria and
Calpionella (cf. MEMMI-SALAJ, 1975). This variant
was generally accepted only in the year 1984 in
Sumeg (REMANE et al. 1986). The latest modifica-
tion of this scale was presented by Por (1994),
based on standard zones (Crassicollaria, Cal-
pionella, Calpionellopsis and Calpionellites), comi-
plementing them by the late Valanginian-Hau-
terivian zone Tintinnopsella and dividing further
more in detail the above zones into sub-zones.
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The applicability of the standard calpionellid
zoning for the Western Carpathian region has been
demonstrated by Borza (1969). On the basis of a
further detailed study, BorRzA (1984) complemented
this study by the distribution of microplanktonic
remnants of the families Cadosinidae WANNER,
1940, Stomiosphaeridae WANNER, 1940 and Cal-
cisphaerulidae BONET, 1956. A summary descrip-
tion of caipionellid fauna in the Western Carpathi-
ans, as well as of reference profiles, was presented
by BoORrRzA (1969, 1980). Correlation study of Upper
Jurassic - Lower Cretaceous profiles was presented by
BORzA — MICHALIK (1986), REHAKOVA — MICHALIK (1992).

A continuous fossil record of standard calpionel-
lid zones (Calpionella, Calpionellopsis, Calpionel-
lites) in Berriasian and Lower Valanginian pelagic
sediments is represented in the profiles Strazovce
(BORzA et al. 1980, MICHALIK et al. 1990 a, BORzA —
PETERCAKOVA, 1994), Hlbo¢ (BORzZA — MICHALIK
1987) and Brodno (BORzA, 1969, MICHALIK et al.
1990 b). In the profiles Brodno and Stramberk
(HousA et al. 1993), the distribution of calpionellids
was checked by magnetostratigraphic study. For
example, the boundary between the calpionellid
zones A (Crassicollaria) and B (Calpionella), corre-
sponding to the boundary Tithonian-Berriasian, is
located approximately in the middle of the magne-
tozone M-19n. The above result may be well corre-
lated with results from profiles in the area of north-
ern and central Italy (cf. HOU3A et al. 1994).

Radiolarians

Similarly as calpionellids, radiolarians provide to
a certain extent the possibility for a wide pale-
ogeographic and stratigraphic correlation. For the
Tethyd realm in the greatest detail elaborated is the
biozoning of BAUMGARTNER (1984, 1987), which
divides the Middle Jurassic - Lower Cretaceous
(Bathonian-Hauterivian) on the basis of unit asso-
ciations (UA) into nine zones.

In spite of the fact that towards the end of the
Jurassic period paleooceanographic conditions
changed and radiolarians gradually lost their rock-
forming importance (DE WEVER, 1989), changes in
their associations on the boundary between the
Tithonian and Berriasian may be well correlated
with calpionellid events.

The Jurassic-Cretaceous boundary is indicated
by a significant change on the base of the zone D,
where UA 11 appears (Table 1).

The unit association 11 has a wide paleo-
geographic extension, but its onset is not every-
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where quite synchronous. For example, in the pro-
file Fiumo Bosso (Umbria, Italy), UA 11 is found
several meters below the boundary of the calpionel-
lid zones A/B (Crassicollaria/Calpionella) in the
uppermost Tithonian. In the Atlantic region (Blake
Bahama Basin) UA 11 is found directly above a
sample of the zone Calpionella, which corresponds
already to the Upper Berriasian. In the profile
Svinita (Rumania), the onset of UA 11 was dated on
the basis of ammonites in the Upper Berriasian
(BAUMGARTNER, 1984, 1987).

From the above mentioned facts it follows that
the onset of this unit association may be confined
by the range Upper Tithonian-Upper Berriasian. For
this reason, the onset of UA 11 has been tested in
the Western Carpathian region in the profile
Hrusové (ONDREJICKOVA et al. 1993), controlled by
common occurrence and distribution of calpionellids
and calcareous nannoplankton. In the profile
Hrudové, similarly as in the profile Fiumo Bosso in
Italian Umbria, UA 11 appears in the uppermost
Tithonian, below the boundary of calpionellid zones
A/B. The onset of UA 11 may be well correlated with
the occurrence of calcareous nannoplankton asso-
ciation 'of the zone CC1 (Nannoconus steinmanni).
In Lower Berriasian horizons (zone Calpionella) of
the HruSové profile, besides typical representatives
of UA 11 — Parvicingula cosmoconica (FOREMAN),
Obescapsula rusconensis BAUMGARTNER, Archeo-
dityomitra excellens (TAN-SIN-HOK), Alievum helenae
(SCHAAF), Xitus spicularius (ALIEV), Pseudodytyo-
mitra depressa BAUMGARTNER - there are found also
species described in younger stages than the
Berriasian. Here belong Pseudodityomitra lilyae
(TAN-SIN-HOK) and Archaeodictyomitra nuda SCHAAF
belong.

The Upper Berriasian has not been studied so
well from the viewpoint of radiolarian zoning to dis-
tinguish it separately. Valanginian radiolarian fauna
has not been mentioned yet to occur in the Western
Carpathian region.

Calcareous dinoflagellates

Calcareous  microfossils (cadosinas, stomio-
sphaeras, calcispherulas) are an important
component of the Upper Jurassic - Lower Creta-
ceous ecosystem. Their suitability for zoning of pe-
lagic sediments of the Western Carpathians was
verified in the works of BORzA (1969, 1984), NOWAK
(1968), REHANEK (1985), having been classified by
the authors with a group with unsure systematic
position.
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Table 1 Correlation scheme of radiolarian and calcareous nannoplankton distribution in relation to calpionellid zones

(ONDREJICKOVA et al. 1993)

Acanthocircus dicranacanthos (SQUINABAL)
Sethocapsa cetia FOREMAN

Triactoma echiodes FOREMAN

Mirifusus mediodilatatus minor BAUMGARTNER
Sethocepsa pseudouterculus AITA
Syringocapsa lucifer BAUMGARTNER

7 Pantanellium berriasianum BAUMGARTNER
Parvicingula cosmoconica (FOREMAN)
Pseudodictyomitra depressa BAUMGARTNER
Archaeodictyomitra excellens (TAN SIN HOK)
Alievum helenae SCHAAF

Podobursa polylophia FOREMAN

Xitus spicularius (ALIEV)

Sethocapsa kaminogoensis AITA
Pseudodictyomitra lilyae (TAN SIN HOK)
Archaeodictyomitra nuda SCHAAF
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Hexalithus magharensis MOSHKOVITZ et EHRLICH
Watznaueria barnesae (BLACK) PERCH -NIELSEN)
Ellipsagelosphaera fossacincta BLACK
Ellipsagelosphaera britannica (STRADNER) PERCH-NIELSEN
Ellipsagelosphaera lucasii NOEL
Ellipsagelosphaera ovata (BUKRY) BLACK
Cyclagelosphaera margerelii NOEL

Watznaueria biporta BUKRY

Zeugrhabdotus embergeri (NOEL) PERCH-NIELSEN
Nannoconus steinmannii KAMPTNER

Nannoconus globulus BRONNIMANN

Nannoconus colomii (LAPPARENT) KAMPTNER
Nannoconus broennimannii TREJO

Rotelapillus laffittei (NOEL) NOEL

Conusphaera mexicana TREJO

NOLMNVYIAdONNVYN

According to Keupp (1987), Keupp et al. (1989),
they are at present classified with the group of cal-
careous dinoflagellate family Calciodinellaceae
DEFLADRE 1947 emend. BuJAk et DAVIES 1983). In
spite of the wider stratigraphic range of some tax-
ons, their distribution may be well correlated with
calpionellids. REHANEK (1992) distinguished for the
Berriasian — Early Valanginian interval the zones
Colomisphaera proxima and Cadosina minuta. The
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most important profiles for the elaboration of zoning
based on calcareous dinofiagellates have been pre-
sented in the works by BORZzA (1969, 1980).

Foraminifers
Sporadic presence of benthic foraminifers in

pelagic sediments of the Berriasian-Valanginian in
the Western Carpahtians did not allow so far to
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elaborate a zoning and its correlation with the
above mentioned groups of fossils. In thin sections
from Berriasian and Valanginian sequences of the
"Neocomian facies" from different tectonic units,
the so far unique presence of the genera Spirillina
EHRENBERG 1843, Patellina WILLIAMSON 1858,
Ammodiscus ReEUSs 1963, Lenticulina LAMARCK
1804, Nodosaria LAMARCK 1812 and Textularia
DEFRANCE 1824 has been recorded. The
occurrence of planktonic foraminifers is dated
already as Late Hauterivian, by the zone
Globuligerina hoterivica (SALAJ — SAMUEL 1966).
The character of the tests (predominant are thin-
walled benthic calcareous and aggiutinated forms)
as well as of preservation (frequent corrosion)
indicates sedimentation in deep-water environ-
ment, near to the CCD level with oxygen and light
deficiency. Therefore it may be well understood
that in the Western Carpathians, in the Berriasian-
Valanginian range, planktonic foraminifers are
missing.

A poor Valanginian foraminifer microfauna was
mentioned by SALAJ — SAMUEL (1966) in the West-
ern Carpathian region from the profile Podskalie
(Kostelec unit of the Manin belt). It is sporadically
represented by representatives of the genus Len-
ticulina LAMARCK 1804, from which the species
Lenticulina (Lenticulina) guttata (TEN-DAM) and L.
(L.) muensteri (ROEMER) could be determined.

Tunisia
a) Lithology and biostratigraphy

The best and in fauna richest regions for estab-
lishing Lower Cretaceous stratigraphy are Zaghouan
and Djebel Oust, situated 60-70 km from Tunis.

Biostratigraphic studies of these sediments are
based mainly on ammonites (SOLIGNAC, 1927,
CASTANY, 1951, BUROLLET et al. 1983), calpionellids
(CoLom et al. 1953, MeEMMI — SALAJ, 1975) and fo-
raminifers (STRANIK et al. 1972, MAAMOURI and
SALAJ, 1974, 1978, SALAJ, 1980, 1984, 1989,
MAAMOURI et al. 1994). Radiolarians and calcareous
dinoflagellates have not been studied so far in
sediments from these areas.

Due to its quality and abundance in fauna, the
Djebel Oust area has been proposed as type region
for the Lower Cretaceous (CASTANY, 1951), or
parahypostratotype of the individual stages (SALAJ,
1980, MAAMOURI, et al. 1994).

The Berriasian is represented by a sequence of
dark sub-lithographic (intrabiopelmicrites and mic-

rites) calpionellid limestones, with layers of dark-
grey to black marls.

The Berriasian stage in Tunisia is defined from
the microfaunistic viewpoint by the zone Tintinnop-
sella carpathica/Globospirillina neocomiana (MEMMI
and SALAJ, 1975).

Index species appear on the base of the Grandis
zone. It is the first appearance of large forms of
Tintinnopsella carpathica (MURGEANU et FILIPESCU),
determining unambiguously the base of the Berria-
sian. We note that small - primitive Tintinnopsella
carpathica (MURGEANU et FILIPESCU) specimens
appear in the Jacobi zone. This fact has been
pointed out by MEMMI — SALAJ (1975), SALAJ (1980)
and REMANE (1985). In any case, these small
specimens should be described as a new sub-spe-
cies within the species Tintinnopsella carpathica
(MURGEANU et FILIPESCU).

The upper boundary of this zone, and thus also
the boundary Berriasian-Valanginian, is determined
by the appearance of foraminifer species Epis-
tomina (Brotzenia) ornata (Roemer) and Epistomina
(Hoeglundia) caracolla (ROEMER). Biostratigraphic
classification of Berriasian and Valanginian sedi-
ments from the area of Djebel Oust is represented
in Tab. 2.

Marly layers in the Berriasian, from the base of
the ammonite Grandis zone, are rich in microfauna.
It is represented by the following species: Spirillina
minima (SCHACKO), Globospirillina neocomiana
(MOULLADE), Trocholina molesta GORBATCHIK, Tro-
cholina vasserodi GUILLAUME and Trocholina burlini
GROBATCHIK. From planktonic foraminifers, the
presence of the species Globuligerina gulekhensis
GROBATCHIK et POROSCHINA has been proved and it
occurs in the whole Valanginian. From radiolarians
there is Sethocapsa cetia FOREMAN, passing from
the Upper Jurassic into the Berriasian and occurring
still in the whole Valanginian. (MAAMOURI et al.
1994).

From benthic foraminifers, besides the above
mentioned species, the following ones are found
practically in the whole Berriasian: Rhizammina in-
divisa BRADY, Ammodiscus cretaceous REUSS,
Dorothia sp., Ramulina spinata ANTONOVA, Den-
talina linearis ROEMER, Dentalina aff. hilscana
Reuss, Dentalina deflexa REUSS, Nodosaria nuda
REuUss, Dentalina deflexa REUSS, Dentalina gracilis
D'ORBIGNY, Dentalina nana REUSS, Dentalina sili-
qua REUSS, Lenticulina (Saracenaria) parallela
(Reuss), Vaginulina aff. denudata REuss, Lenti-
culina (Saracenaria) planiscula (REUSS), Lenticulina
(Lenticulina) aff. turgidula (REUSS), Lenticulina (L.)
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Table 2 Microbiostratigraphic classfication of the Berriasian in the Djebel Oust region (MAAMOURI et al. 1994)
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subangulata (ReEuss) and Lenticulina (Lenticulina)
macrodisca (REUSS).

Besides the above mentioned species, the spe-
cies Lenticulina (Lenticulina) nodosa (REUSS) and
Epistomina  (Hoglundina)  caracolla  anterior
BARTESNTEIN et BRAND occur for the first time in the
upper Berriasian with Favriella boissieri.

Further species occur in the Upper Berriasian in
the area of Zaghouan (Temple des Eaux), where
the second standard profile for the Berriasian is
found (SALAJ, 1980, 1984): Verneuilinoides neo-
comiensis (MJATLIUK), Dorothia kummi ZEDLER,
Conorboides valendiscesis BARTENSTEIN et BRAND,
Conorboides hofkeri BARTENSTEIN et BRAND, Len-
ticulina (Lenticulina) guttata BARTENSTEIN et BRAND,
Trocholina  infragranulata  NOTH,  Lenticulina
(Planularia) crepidularis (ROEMER), Lenticulina
(Planularia) tricarinella (REuss), Gaudryina chet-
tabaensis SIGAL and Heterostomella chettabaensis
SIGAL.

The base of the Valanginian is determined by
the ammonite zone with Kilianella roubaudiana with
Thurmanniceras pertransiens (SAYN) in the wider
sense (the index species with Thurmanniceras
otopeta of basal Valanginian has not been proved
to occur yet, BUROLLET et al. 1983).

120

From planktonic foraminifers, the species Globu-
ligerina gulekhensis GORBATCHIK et Poroshina passes
from the Berriasian into Valanginian, from benthic
foraminifers determining the base of the Valangin-
ian we have to mention Epistomina (Brotzenia) or-
nata (ROEMER) and Epistomina (Hoeglundina) cara-
colla (ROEMER). The base of the Valanginian is
determined from calpionellids by the appearance of
Praecalpionellites murgeanui (Pop). From the
lithofacial viewpoint, the Lower Valanginian is built
of a marly limestone and mari series (200 to 250 m),
defined from the viewpoint of microfauna by the
foraminifer association of the zone Epistomina
(Brotzenia) omata - Epistomina (Hoeglundina) cara-
colla, defined by SALAJ (1975). Its base is defined
by the appearance of these leading species, while
the upper boundary is determined by the species
Epistomina (Brotzenia) djaffaensis SIGAL and Len-
ticulina (Lenticulina) ouachensis (SIGAL).

We would like to add that the base of the flysch
formation, as pointed out by A. - L. MAAMOURI,
SALAJ, M. MAAMOURI, MATMAT! ET ZARGOUNI (1994),
corresponds to the uppermost part of the lower
Valanginian, i.e. it still belongs to the zone with
Epistomina (Brotzenia) ornata, Epistomina (Hoe-
glundia) caracolla.
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The Upper Valanginian is represented by a fly-
schoid formation (up to 300 m) formed by greenish
aleuritic claystones with abundant beds of dark-grey
micaceous quartzites, with traces of plant fragments
and hieroglyphs. In the middie to upper part of this
sequence (200-250 m), decrease in the quantity of
quartzites and appearance of rare intercalation of
grey marls and grey sometimes even dark-grey to
black clayey limestones may be observed, which
are relatively abundant and form several horizons in
the uppermost part of the Valanginian.

In the immediate underlier of dark bituminous
Hauterivian limestones, in a 5 m thick dark marl-
stone complex, there are rarely present specimens
of Marginulina reticulosa TEN DAM (A. - L. MAA-
MOURI, SALAJ, M. MAAMOURI, MATMATI et ZARGOUNI,
1994). Comparing this horizon with the same
horizon in the stratigraphic region of Kef el Blidah,
dated by ammonites (STRANIK et al. 1972, SALAJ,
1980), this horizon was classified with the lower-
most part of the Hauterivian (MAAMOURI et al. 1994).

b) Biostratigraphic correlation of sediments from
the area of Djebel Oust with the hypostratal profile
of Angles

The profile of Angles lying in the road-cut at the
foot of Baussayes hill in the French province Alpes
de Haute, has been proposed as hypostratotype of
the Valanginian by BUSSNARDO - THIEULOY -
MouLLADE et al. (1979). The Vocontian Lower
Cretaceous bed successsion is represented by a
sequence of marly limestones and marlstones. The
Valanginian part of the profile attains a thickness of
240 m. An overview of biostratigraphic classification
based on ammonites is presented in Table 3, 4.
The calpionellid microfauna has been studied in the
profile by ALLEMANN et al. (1971).

Foraminifer zones of the Valanginian in the Vo-
contian trough were defined in detail by MOULLADE
(1966, 1974) and redefined again on the Valangin-
ian hypostratotype in relation to ammonite zones
(BOUSNARDO et al. 1979).

In view of the importance of the Berriasian and
Valanginian on the Djebel Oust profile as well as in
the Vocontian trough, one of the authors (Salaj)
dealt with a revision of the Berriasian-Valanginian
profile of the Vocontian trough (profile Angles - type
profile of the Valanginian hypostratotype). This ne-
cessity resulted above all from the fact that the
presence of eipistominas, important not only for
Lower Cretaceous but also Jurassic stratigraphy,
has not been reported from this profile.
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From the comparison material (profile Angles) it
is evident that the most abundant component in the
microfauna are representatives of the family No-
dosariidae EHRENBERG, 1838. Even though in the
stratigraphic horizons they are synchronous in age,
they have been predominantly redeposited by tur-
bidite wash from the external platform and slope
into the basin. This is supported by the taphonomic
analysis of these foraminifer associations, which
have been damaged by mechanical transport due to
turbidites, while their tests are clearly sorted accord-
ing to size. Juvenile and developing stages of tests
are missing in the foraminifer associations. From
the above mentioned facts it follows that there are
present thanatocenoses from various paleoecologic
nests of various depth horizons.

From species important for the Berriasian and
Valanginian not described from the Angles profile,
we present the following:

In the Berriasian there occur: Globospirillina
neocomiana (MOULLADE), Trocholina molesta
GORBATCHIK, Trocholina burlini GORBATCHIK, Conor-
boides valendisensis BARTENSTEIN et BRAND,
Conorboides hofkeri BARTENSTEIN et BRAND, Len-
ticulina (Lenticulina) nodosa (REUSS), Falsogaudry-
inella tealbyensis (BARTENSTEIN) and Globuligerina
gulkensis GORBATCHIK et POROSHINA.

In the Valanginian, from wihch not more than 40
species have been described, there occur practically
about 100 well identifiable species. We shall present
only the more important and so far in publications
about the Vocontian trough not mentioned ones.

Otopeta zone (6 m)

In this zone, besides the already mentioned index
species Lenticulina (Lenticulina) nodosa (REUSS),
passing into this zone already in the Berriasian,
there occur also Haplophragmoides sp., Valvulina
fusca WILLIAMSON, Dentalina linearis REUSS,
Bythoceratina sp. and Opthalmidium div. sp.

Petransiensis zone (53 m)

The following species occur in this zone:
Conicospilrillina reussi ~ ANTONOVA, Lamarckina
reussi ANTONOVA, Lamarckina membranaacea
ANTONOVA, Epistomina (Hoeglundina) caracolla
(ROEMER), Globuligerina gulekhensis GORBATCHIK
et POROSHINA and Globuligerina sp.

Campylotoxum zone (45m)

Besides by Moullade (In BOUSNARDO et al. 1979)
described species, the following ones occur in this
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Table 3 An overview of the biostratigraphic classification of the Vocontian trough based on ammonites (BUSNARDO

etal.,. 1979)

Lory, 1898 Paquier, 1990 Killian, 1906-13 Mazenot, 1939 Colloque Cretace Moullade et
Inf., 1965 Thieuloy, 1967
HAUTERI- Hoplites radiatus A car:jlfz?disctus Acanthodiscus Radiatus
radiatus € A
VIEN (pars) H. castellanensis L_castellanensis radiatus
Neocomites aff.
h Hoplites cf. Duvalia emerici Duvalia emerici "Lyticoceras" scioptychus
c longinodus
g et et
E Himantoceras
o c Seynoceras Seynoceras Seynoceras trinodosum
> = verrucosum verrucosum verrucosum
e ;
> Neocomites Verrucosum Verrucosum
0. neocomiensis
Q
Z r Duvalia lata Duvalia conica Duvalia conica
- Z
2 e et et et
=
m Hoplites Hoplites Kilianella
,CU: pexiptychus pexiptychus roubaudiana
Roubaudiana Roubaudiana
BERRIASIEN Hoplites boissieri | Hoplites boissieri | Hoplites boissieri Kilianella aff.
(pars) (pars) (pars) pexiptycha et
(pars) Thurmannites aff.
pertransiens

Tab. 4 An overview of the biostratigraphic classification of the Vocontian trough based on ammonites (BUSNARDO et

al., 1979)
Le Hegarat, 1968 Thieuloy, 1973 zonation proposée Espagne Bulgarie Crimée-Caucase
1978 Wiedmann, 1975 Nikolov, 1960 Drushchits, 1960
HAUTERI- Radiatus Radiatus
VIEN (p. p.)
Teschenites Callidiscus
%) callidiscus
c
o Trinodosum Trinodosum Saynoceras Neocomites Olcostephanus
bl verrucosum neocomiensis astieri
[ Neocomites
; % neocomiensis
r; Verrucosum Verrucosum
Zz
o Neocomites Campylotoxum Kilianella Kilianella Kilianella
z campylotoxus roubaudiana roubaudiana roubaudiana
m
o Z, Roubaudiana Pertransiens | . it
m Thurmanniceras
; _________________ thurmanni
% Thurmanniceras \
pertransiens Pertravsiens ~ '\ ke n 0
Otopeta Thurmanniceras
thurmanni
BERRIA- Boissieri Boissieri Boissieri Bﬁrria.zella )
callisto (p. p.
SIEN (p. p.)
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zone: Lenticulina (Lenticulina) subalata (REUSS),
Lenticulina (Lenticulina) gibba (REusS), Lenticulina
(Lenticulina) turgidula (REusS), Lenticulina (Lenti-
culina) saxonica BARTENSTEIN et BRAND, Lenticulina
(Lenticulina) multicella MOULLADE, Lenticulina
(Lenticulina) catascopium MITJANICA, Frondicularia
mirodisca REUSS, Tristix excavatum REeuUss and
Bolivina textilaroides REUSS.

Finally, in the zones Verrucosum, Trinodosum
and Callidiscus (120 m), from further important species
the following have been determined: Globospirillina
condensa ANTONOVA, Globospirillina clara ANTONOVA,
Globuligerina gulekhensis GROBATCHIK et POROSHINA,
Globuligerina sp. and Epistomina (Brotzenia) djaffa-
ensis SIGAL. The species Frondicularia cf. bidentata
CUSHMAN corresponds in fact to the species Frondi-
cularia angusta glabra (PERNER).

Besides this, attention has been given on the
Angles profile to the boundary of Valanginian-Hau-
terivian boundary. The basal part of the Hauterivian
was determined by the ammonite zone Radiatus
(approx. 5 m). Besides the index species Haplo-
phragmoides vocontianus MOULLADE for the Lower
Hauterivian zone of the same name, determined by
MouLLADE (1966) further important species are
found in the basal part of the Hauterivian: Bigen-
erina gracilis ANTONOVA, Marginulinopsis breyeri
(ZENDLER) and Marginulina reticulosa TEN DAM,
known better under the name Marginulopsis djaf-
faensis (SIGAL). The latter, due to later description,
became the synonym for the species Lenticulina
(Marginulinopsis) reticulosa (TEN DAM, 1948),

For this reason, the Lower Hauterivian zone
Lenticulina (Marginulinopsis) djaffaensis defined by
A.-L. MAAMOURI — SALAJ (1978) was renamed by A.-
L. MAAMOURI — SALAJ — M. MAAMOURI — MATMATI —
ZARGOUNI (1994) as Lenticulina (Marginuinosis) re-
ticulata zone.

From the above revision it is evident that micro-
biostratigraphic classification of the Valanginian on
the French hypostratorype and in Tunisia is basi-
cally identical. The lack of epistominas on the hy-
postratotype profile of Angles is a result of the fact
that their aragonite tests have been dissolved due
to greater depth and thus in the majority of cases
only their pyritised or limonitised cast have been
preserved, sporadically with remnants of the
aragonite tests.

Conclusions

From the comparison of the presented bios-
tratigraphic data, especially the composition and
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preservation of foraminifer associations, conclu-
sions may be made on the character of sedimenta-
tion environment in the areas studied.

The sedimentation environment of the monoto-
nous "Neocomian” facies of the Western Carpathi-
ans during the Berriasian and Valanginian stage
may be characterised as the hemipelagic part of a
sea basin, with oxygen and light deficiency, the
bottom of which was situated above CCD level,
bud significantly below ACD level. This is
supported by the sporadic presence of thin-walled
agglutinated foraminifers of the genus Ammo-
discus REUss, as well as rare occurrence of
calcareous benthos with corroded tests, repre-
sented above all by the genera Lenticulina
LAMARCK and Nodosaria LAMARCK.

The relatively deep-water conditions of
sedimentation predominated during the Berriasian
and Valanginian stage in the Vocontian trough.
Besides thin-walled agglutinated, relatively rare
foraminifers, there occur foraminifer associations
redeposited by turbidite wash (BUSNARDO et al.
1979), from the external platform and siope
towards the basin. This is supported by the
taphonomic analysis of these associations, which
have been damaged by mechanical transport due
to turbidites and the tests are evidently sorted
according to size. The lack of epistominas on the
hypostratotype profile of Angles is a result of the
fact that their aragonite tests have been dissolved
due to greater depth, and thus in the majority of
cases only their pyritised or limonitised cast have
been preserved, sporadically with remnants of the
aragonite tests.

The most optimal conditions for parabios-
tratigraphic studies based on the distribution of fo-
raminifers are provided by the Lower Cretaceous
sediments of Djebel Oust in northern Tunisia. in
Berriasian sequences a rich occurrence of benthic
foraminifers has been determined, especially the
family Nodosaridae EHRENBERG. The presence of
the genera Lenticulina LAMARCK and Epistomina
TERQUEM is important for the biostratigraphic clas-
sification of the Valanginian. The occurrence of
epistominas in Tunisia, with frequently preserved
aragonite tests, indicates a relatively shallower
sedimentation environment. On the basis of a de-
tailed microfacial analysis, calcimetry and abun-
dancy relation of planktonic and benthic fo-
raminifers, MAAMOURI — SALAJ et al. (1994, Tab. 1
a, b, c) stated that Lower Cretaceous sediments of
this region deposited in the depth range of 200-
500 m (maximally up to 700 m), above ACD level.




References

ALLEMANN F., 1970: Berriasian calpionellids in
Southern-Spain. Abs. II. Plankt. Conf. Roma, Tech-
noscienza; Roma.

ALLEMANN F., CATALANO R., FARES F. & REMANE J.,
1971: Standard calpionellid zonation (Upper
Tithonian—Valanginian) of the Western Mediter-
ranean province. Proc. II. Plankt. Conf. Roma 1970,
Roma, 1337-1340.

ANDRUSOV D., 1959: Geolégia Ceskoslovenskych
Karpat II. Bratislava, Vyd. Slov. Akad. Vied, 375 s.

AUBRY M. P., BIGNOT G., BISMUTH H. & REMANE J.,
1976: Premiers résultats de 1’observation au M. E. B.
de Ia lorica des Calpionelles et de quelques
microfossiles qui leurs sont associés. Rev. Micro-
paléontol. Paris, 18, 127-133.

BAUMGARTNER P. O., 1984: A Middle Jurassic—Early
Cretaceous low latitude radiolarian zonation based on
Unitary Associations and age of Tethyan radiolarites,
Eclogae geol. Helv., Basel, 77/3, 729-837.

BAUMGARTNER P. O., 1987: Age and genesis of Tethyan
Jurassic radiolarites. Eclogae geol. Helv., Basel, 80/3,
831-879.

BONET F., 1956: Zonification microfaunistica de las
calizas Cretacicas del Este de Mexico. Bol. Ascoc.
Mex. Geol. Petrol., Mexico, 7, 7-8, 389-488.

BOrZA K., 1969: Die Mikrofazies und Mikrofossilien
des Oberjuras und der Unterkreide der Klippenzone
der Westkarpaten. Bratislava, VEDA, 301 s.

BorzA K., 1980: Vztah vnatornych Karpat k brad-
lovému péasmu. Mikroficie a mikrofosilie vrchnej
jury a spodnej kriedy. Manuskript, Arch. Geol. ust.
SAYV, Bratislava, 392 s.

BORrzA K., 1984: The Upper Jurassic—-Lower Cretaceous
parabiostratigraphic scale on the basis of Tintinninae,
Cadosinidae, Stomiosphaeridae, Calcisphaerulidae
and other microfossils from the West Carpathians.
Geol. Zbor. Geol. carpath., Bratislava, 35, 5, 539-
550.

BoRrzA K., GASPARIKOVA V., MICHALIK J. & VASICEK
Z., 1980: Upper Jurassic—Lower Cretaceous sequence
of the Krizna Nappe (Fatric) in the StrdZovce section,
Strazovské vrchy Mts. (Western Carpathians). Geol.
Zbor. Geol. carpath., Bratislava, 31, 4, 541-562.

Borza K., MICHALIK J., 1986: Problems with
delimitation of the Jurassic/Cretaceous boundary in
the Western Carpathians. Acta geol. Acad. Sci. hung.,
Budapest, 29, 1-2, 133-149.

Borza K., MICHALIK J., 1987: On stratigraphy and
lithology of Czorstyn Limestone Formation in the
Central West Carpathians (Jurassic, Malm). Geol.
Zbor. Geol. carpath., Bratislava, 38, 3, 259-284.

BORZA V., VASICEK Z., 1993: Ubersicht der Mikro-
plankton und Aptychen-Assoziationen von Oberjura

1, J. Salaj & A. Ondrejickové: Microbiosiratigraphy of Pelagic Berriasian...

und Unterkreide der Krizna-Decke (Zentrale West-
karpaten).  Abstrakte-63. Jahrestagung Palaont.
Gesell., Univ. Karlova — CGS Praha, 25-26.

BORZA V., PETERCAKOVA M., 1994: The Juras-
sic/Cretaceous boundary in the StraZovce section
(Strazovské vrchy Mts., Western Carpathians).
Paleopelagos Spec. Pub. 1., Roma, 7-15.

BuJak J. P., DAVIES E. H., 1983: Modern and Fossil
Peridiniineae. AASP Contrib. Ser., Dallas, 13, 1-203.

BUSNARDO R., THIEULOY J. P., MOULLADE M., et al.,
1979: Hypostratotype Mesogeén de l’etage Valan-
ginien (sud — est de la France). Les stratotypes
francais, Paris, 6, 5-143.

CASTANY G., 1951: Etude géologique de 1"Atlas tunisien
oriental. Ann. Mines et Géol. Tunisie, Tunis, 8, 1-632.

CATALANO R., LIGUORI V., 1971: Facies a Calpionelle
della Sicilia occidentale. Proc. II. Plankt. Conf. Roma
1970, Roma, 1, 167-210.

CoLOM G., 1948: Fossil Tintinnids: Loricated infusoria of
the order of the Oligotricha. J. Paleontol., Tulsa, 22, 2,
233-266.

CoLOM G., CASTANY G. & DURAND DELGA M., 1953:
Microfaune pélagiques (Calpionelles, Fissurines)
dans le N-E de la Berbérie. Bull. Soc. Géol. Fr.,
Paris, 6, 3, 517-534.

DE WEVER P., 1989: Radiolarians, radiolarites and
Mesozoic paleogeography of the Circumediterraneam
Alpine Belts. In: HEIN J. R., OBRADOVIC J. (Eds.):
Siliceous deposits of the Tethys and Pacific regions.
Springer  Verlag-New  York—Berlin—Heidelberg—
London—Paris—-Tokyo, 31-49.

FARES F., LASNIER J., 1971: Les Tintinnoidiens fossiles
leur position stratigraphique et leur repartition en
Algérie du Nord. Proceed. II. Plankt. Conf. Roma
1970, Roma, 1, 539-555.

GARRISON R. E., FISCHER A. G., 1969: Deep-water
limestones and radiolarites of the Alpine Jurassic. In
FRIEDMAN G. M. (Ed.): Depositional environments in
carbonate rocks. Soc. Econ. Paleontologists and
Mineralogists, Spec. Pub. 14, 20-56.

HALASOVA E., BORZA V., 1994: Calcareous nanno-
plankton and calpionellid association near Jjuras-
sic/Cretaceous boundary. A summary of data
obtained from several Western Carpathian key
sections. Abstract Book. IGCP Project 362, Annual
Meeting Smolenice, GUDS, Bratislava, 21-22.

Hou3A V., 1990: Ecological aspects of the evolution of
calpionellids (Calpionellidae, Protozoa inc. sed.). Atti
II. Conv. F. E. A. Pergola 1987, 357-363.

HouSA V., KRS M. & PRUNER P., 1993: Magne-
tostratigraphic investigation of two profiles of
Jurassic/Cretaceous boundary strata at Stramberk
(Czech Republic) and Brodno (Slovakia). Abstract
Book, Ist. General Meeting IGCP Project 362,
Coimbia, 28-29.




| SESYEEHAGRINE

Housa V., KRS M. & PRUNER P., 1994: Magneto-
stratigraphic and micropaleontological studies along
two profiles of Jurassic/Cretaceous boundary strata in
Moravia and Western Slovakia (Stramberk and Brodno
localities). Abstract Book-IGCP Project 362, Annual
Meeting Smolenice, GUDS, Bratislava, 37-39.

KOUTEK J., ANDRUSOV D., 1927: O rozdireni a
stratigrafickém vyznamu vapenci s Calpionella
alpina v Zapadnich Karpatech. Vést. Stat. Geol. Ust.
CSR, Praha, 3, 97-108.

Keupp H., 1987: Die kalkigen Dinoflagellaten-
Zystem(n?) des Mittelalb bis Untercenoman von
Escalles/Boulonnais (N-Frankreich). Facies, Erlan-
gen, 16, 37-88.

KEupPP H., VERSTEGH G., 1989: Ein neues systematisches
Konzept fur kalkige Dinoflagellaten-Zystem(n?) der
Subfamilie Orthopitonelloidae Keupp 1987. Berliner
geowiss Abh., Berlin, 106, 207-219.

LE HEGARAT G., REMANE J., 1968: Tithonique supérieur
et Berriasien de 1"Ardéche et de 1"'Hérault. Correlation
des Ammonites et des Calpionelles. Geobios, Lyon,
1, 7-70.

MAAMOURI A. L., SALAJ J., 1974: Subdivisions
microbiostratigraphiques du Crétacé inférieur du
Djebel Oust (Tunisie septentrionale). Résumés des
Communications, VI® Coll. Afr. de Micropal., Tunis 1.

MAAMOURI A. L., SALAJ J., 1978: Subdivisions
microbiostratigraphiques du Crétacé inférieur du
Djebel Oust (Tunisie septentrionale). Les Act. du VI
Coll. Afr. de Micropal., Ann. Mines. et Géol., Tunis,
28,2,91-101.

MAAMOURI A. L., SALAJ J., MAAMOURI M., MATMATI
F., ZARGOUNI F., 1994: Le Crétacé inférieur du
Djebel Oust (Tunisie nord-orientale). Microbio-
stratigraphie biozonation — Apercu sédimentologique
— Zemny plyn a nafta (Hodonin), 39, 1, 73-105.

MEMMI L., SALAJ J., 1975: Le Berriassien de Tunisie
Succession de faunes (d’Ammonites, des Fora-
miniféres et de Tintinoidiens). Coll. Sur la limite
Jurassique — Crétacé. Lyon — Neuchatel 1973. Mém.
B. R. G. M., Paris, 86, 58-67.

MICHALIK J., VASICEK Z. & BORZA V., 1990a: Aptychy,
tintinidy a stratigrafia hrani¢nych jursko-kriedovych
sauvrstvi v profile StraZzovce (zliechovska jednotka
kriziianského prikrovu, centrdlne Zapadné Karpaty.
Knih. Zem. plynu a nafty, Hodonin, 9a, 69-92.

MICHALIK J., REHAKOVA D. & PETERCAKOVA M.,
1990b: Ku stratigrafii hraniénych jursko-kriedovych
savrstvi v kysuckej sekvencii bradlového pasma
Zapadnych Karpét, profil Brodno pri Ziline. Knih.
Zem. plynu a nafty, Hodonin, 9b, 57-71.

MOULLADE M., 1966: FEtude stratigraphique et
micropaléontologique du Crétacé inférieur de la
"Fosse Vocontienne". Document Géol. Fac. Sci.,
Lyon, 15, 2, 1-369.

125

MOULLADE M., 1974: Zones des Foraminiféres inférieur
mésogéen. C. R. Acad. Sci, 278 (D), Paris, 1813—
1816.

NOwWAK W., 1968: Stomiosphaerids of the Cieszyn Beds
(Kimmeridgian-Hauterivian) in the Polish Cieszyn
Silesia and their stratigraphic value. Rocz. Pol. Tow.
Geol., Krakow, 38, 2-3, 275-314,

ONDREJICKOVA A., BORZA V., KORABOVA K. &
MICHALIK J., 1993: Calpionellid, radiolarian and
calcareous nannoplankton association near Jurassic-
Cretaceous boundary (Hru¥ové section, Cachtické
Karpaty Mts., Western Carpathians). Geol. Carpath.,
Bratislava, 44/3, 177-188.

Por G., 1994: Phylogeny and biostratigraphy of
calpionellids. Abstract Book — IGCP Project 362,
Annual Meeting Smolenice, GUDS, Bratislava, 127—
130.

REMANE J., 1969a: Nouvelles données sur la position
taxonomique des Calpionelliidae Bonet (1956) et
surleurs rapports avec les Tintinnina actuels et les
autres groupes de "Tintinnoidiens" fossiles. Proc. First
Planktonic Conf., Genéve 1967, Leides, 2, 574-587.

REMANE J., 1969b: Les possibilités actuelles pour une
utilisation stratigraphique des Calpionelles (Protozoa
incertae sedis, Ciliata). Proc. Ist Internat. Plankt.
Conf., Geneva 1967, Leiden, 2, 559-573.

REMANE J., 1978: Calpionellids. In: Hag B. U., Boersma
A. (Eds.): Introduction to marine micropaieontology.
Elsevier, New York, 161-170.

REMANE J., 1985: Calpionellids. In: BoLLl H. M.,
SAUNDERS J. B., PERCH-NIELSEN K. (Eds.): Plankton
Stratigraphy, Cambr. Univ. Press, 555-572.

REMANE J., BAKALOVA D., BORZA K., KNAUER J., NAGY
I. & Pop G., 1986: Agreement on the subdivision of
the standard Calpionellid zones defined at the Iind
planktonic conference Roma 1970. Acta Geol. Hung.,
Budapest, 29, 1-2, 5-14,

REHANEK J., 1985: Cadosinidae Wanner and Stomio-
sphaeridac Wanner (incerte sedis) from the Mesozoic
limestone of Southern Moravia. Cas. Mineral. Geol.,
Praha, 30, 4, 367-380.

REHANEK J., 1992: Valuable species of cadosinids and
stomiosphaerids for determination of the Jurassic-
Cretaceous boundary (vertical distribution, biozo-
nation). Scripta Geol., Brno, 22, 117-122.

REHAKOVA D., MICHALIK J., 1992: Correlation of the
Jurassic/Cretaceous boundary in several Western
Carpathian section. Foldt. K6zl., Budapest, 122, 51—
66.

SALAJ J., 1980: Microbiostratigraphie du Crétacé et du
Paléogéne de la Tunisie septentrionale et orientale
(Hypostratotypes tunisiens). Vyd. GUDS, Bratislava,
238 s.

SALAJ J., 1984: Foraminifers and detailed micro-
biostratigraphy of the boundafy.bgr

£ i

Cy

£ INFORMACNE:

& STAEDISKO

Smnipet




V. Borsa, J

Cretaceous stages in the Tunisian Atlas. Geol. zborn.
Geol. carpath., Bratislava, 35, 5, 583-599.

SALAJ J., 1989: Planktonic biostratigraphy of the
Cretaceous pelagic facies of Tunisie. IGCP projekt
No 162, Working group 2, Pelagic Facies, Ist
Meeting, Abstracts, 142—152.

SALAJ J., 1995: Geoldgia stredného Povazia II. Cast.
Zemny plyn a nafta, Hodonin, 39, 4, 297-395.

SALAJ J., SAMUEL O., 1966: Foraminifera der Westkar-
paten-Kreide (Slowakei), Bratislava, Geol. Ust D.
Stara, 1-292.

SOLIGNAC M., 1927: Etude géologique de la Tunisie
septentrionale. Dir. gén. Trav. publ. (Serv. Mines),
Tunis, 756 s.

STRANIK Z., MENCIK E., MEMMI L. & SALAJ J., 1972:
Biostratigraphie du Crétacé inférieur de 1"Atlas tunisien
oriental. Proc. Conf. Afr. Geol. Ibadan 1970, 529-546.

Salaj &A .;;thdrejt"c"rkovd; 'EMcrob/ioSt'rdtigraphy of Pelagic Berriasian...

TAPPAN H., LOEBLICH JR. A. R., 1968: Lorica
composition of modern and fossil Tintinnida (ciliate
Protozoa): systematics, geologic distribution, and
some new Tertiary taxa. J. Paleontol., Tulsa, 42,
1378-1394.

VASICEK Z., 1991: Cephalopod biostratigraphy of the
Lower Cretaceous deposits in Czechoslovak
Western Carpathians. Thessis (In Czech), VSB
Ostrava, 138 s.

VASICEK Z., MICHALIK J. & REHAKOVA D., 1994:
Early Cretaceous stratigraphy, paleogeography and
life in Western Carpathians, Beringeria, Wiirzburg
10, 3-169.

WIECZOREK J., 1988: Maiolica — a unique facies of the
Western Tethys. Ann. Soc. Geol. Pol., Warszawa, 58,
255-276.



