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BIOSTRATIGRAPHICAL STUDY OF LOWER CRETACEOUS
KASAJINA RIVER BEDS AND ITS IMPORTANCE
FOR GEOLOGY OF NE SERBIA

by
Marko Ercegovac’, Aleksandar Grubi¢™ and Jelena Milivojevié®

This article presents results of detailed palynological study in the Lower Cretaceous KaSajina River
Beds (Klokocevac, NE Serbia) and its importance for the geology of NE Serbia. On the basis of the
biostratigraphic analysis of fossil spores, pollen grains and dinoflagellates, investigated beds are most proba-
bly of Lower Cretaceous age (mainly Valanginian—Hauterivian). The paleoecological results suggest humid
and subtropical conditions in the hinterland.
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Y papy ce mpukasyjy pe3ylTaTH AeTa/bHAX NAIMHONOIIKUX WCINTHBAMkbA U3 JOHOKPETHHX 'CIojeBa
Kamajure peke" (Knokouesar, ceBepoucrouna Cpouja) 1 BHXOB 3Hauaj 3a Te0JIOrHjy ceBepoucroune Cpouje.
Ha ocroBy 6uocrpaturpaccke aHanu3e (HOCHIHUX CIOpPA, OJNEHa U AHHOIareIaTa NCIUTHBAHN CEAUMEHTH
HajBepOBaTHHje PHUIAfajy A0H0] Kpeau (BaneHIuH—oTpuB). [TajeoeKoomKka NCIUTHBaka YKa3yjy Ha BlIaxHe
U CyHNTPOIICKE yCIIOBE Ha KOIHY.

Kibyune peun: nanmuroMopde, 6uocrparurpaduja, o, "cinojesn Kamajune pexe", foma Kpefa (BaleHIIH—
—oTpuB), ceBeporcTouna Cpouja.

INTRODUCTION

A set of particular rock beds lie by the Sinaia Beds of the South Carpathians and
northeastern Serbia, known as the Azuga Beds in Romania (Codarcea et al., 1961) and
as the KaSajina River Beds in Serbia (Grubi¢, 1962; Fig. 1). In lower part of geological
column are dark tabular to thin—bedded siltstones with numerous manganese concretions,
and topped by red and green shales, usually rich in silica. These shales locally contain
the diabase lenses and their tuffs; in Romania, the schistose serpentinite tectonic lenses
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occur. This part of the column contains also cross—laminated silicified limestones, green-
ish and grayish marls and silicified limestones, laminated grayish marls and fine—grained
micaceous sandstones. These rocks in alternations, however, do not have the features of
sequences characteristic for the flysch.
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Fig. 1. Geographic position of investigated samples.
Cn. 1. Teorpagcku monnoxaj ICIUTHBAHUX y30paKa.

The KaSajina River Beds of northeastern Serbia are always found beneath the earli-
est Sinaia Flysch (Grubié et al., 1997); this position is not quite evident in the Roma-
nian South Carpathians where, deformed by folding and imbrication, these beds appar-
ently occur in lower and middle parts of the Sinaia Beds (Codarcea et al., 1961).

Using aptychus remains, the Azuga Beds of Romania are dated Tithonian (Staniou,
1978). All efforts to find the characteristic fossils in these beds, since 1957, in NE Ser-
bia, have failed and only some undeterminable radiolarians were found so far.

However, a rich paleopalynological association has been found recently in Serbia, a
preliminary study of which is reported by the authors of this contribution (Grubi¢ et al.,
1998).

The Kasajina River Beds of NE Serbia form thin, partly discontinuous zones in the
Kosovica subzone, and in eastern and western Miro¢ Zones. Incidentally, fossil material has
been found only in from which samples for micropaleontological study were collected, is
located in a Klokocevac—Negotin road cutting at the foot of Kolje hill (Figs. 2, 3).

On the basis of the biostratigraphic analysis of fossil spores, pollen grains and dino-
flagellates, investigated beds are most probably of Lower Cretaceous age (mainly Valan-
ginian—Hauterivian). The paleoecological results sugest humid and subtropical conditions in
the hinterland.

EXPERIMENTAL
Samples

The palynological studies were performed on 14 samples from outcorp in KaSajina
River Beds in the valley of the Klokocevac river (Klokocevac, NE Serbia; Fig. 1). The
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palynomorphs assemblage (spores, pollen and dinoflagellates) have been derived from the
geological column of KaSajina River Beds. Samples from that location contain relatively
good fossil material.
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Fig. 2. Detail of the Veliki Greben section, the Klokocevac river valley. 1. Highly schistose Quasi—Sinaia Beds;
2. The Kasajina River Beds (X — palynological sampling place); 3. Olistostrome in the Sinaia Beds.

Cn. 2. [leramb ca Tauke Ha npocpuny Benukor rpeGena y KiokodyeBaukoj peny. 1. MHTEH3UBHO YIIKPHIbEHH
KBa3UCHHAjCKH crojeBn; 2. "ciojeBu Kamrajune peke" (X — 03HaKa 3a MECTO ca KoOra Cy y3eTH HpUMEPIU
3a TTAJINHOJIOMIKY aHANN3Y); 3. OJIUCTOCTPOME Y CHHAjCKHM CJI0jeBAMA.
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Fig. 3. Veliki Greben section in the Klokocevac River valley. 1. Light—grey Jurassic and Lower Cretaceous
micrites; 2. Grey and dark grey marly Jabukovac Beds (Albian-Cenomanian—Turonian); 3. Quasi—
—Sinaia platy micrites with black chert and tintinnids, interbedded by marl and micaceous fine—grained
sandstone (Valanginian—-Hauterivian); 4. The KaSajina River Beds of red or green siliceous shale and
brown sandstone with manganese concretions (Valanginian); 5. Sinaia Flysch (Valanginian—Haute-
rivian); 6. Leptynolite, gneiss, micaschist, and siltstone of Golubinje Zone; 1. and 2. Miro¢ pa-
rachthon; 3. Subkosovica nappe; 4. and 5. Kosovica nappe; 6. Gethic nappe.

Ca. 3. ITpocun Benukor rpebena y KmokoueBaukoj peny. 1. CBETIOCHBHU JYPCKM M TOHOKPEHU MHUKPHUTH;
2. CHBH ¥ TaMHOCHBH JIAIOPOBHUTH jaOyKOBAUKHU CJIOjeBH (a10—IIeHOMaH—TYpPOH); 3. KBa3HCHHAjCKH ILIO-
YacTH MEKPHTH ca IIPHIM POKHAIMa U THHTHHHUJlaMa U IIPOCJIOjIiMa JIaloplia U JIMCKYHOBATHX CHTHO-
3pHEX nemrvapa (BaleHguH—oTpuB); 4. "cnojeBu Kamajune peke" HpPBEHM U 3€JICHU CUIIMIMO3HU TIIMHIN
U MpKH TIeIIYapd ca MaHTaHCKUM KOHKpeljaMa (BaJeHAMH—OTPHB); 5. cuHajcKu mui (BajleHAUH—
—OTpUB); 0. JENTUHONUTH, THAjCEBH, MUKAIIMCTH U ANEBPOJIHUTH TONYOMI-CKE 30HE. 1. M 2. MUPOYKH
nmapaxToH; 3. cyOKOCOBHYKA HaBlaKa; 4. M 5. KOCOBAUKA HaBlIaKa; 6. FeTCKa HaBJIaKa.

Methods and aims

The palynomorphs was observed on isolated kerogen concentrate from different rock
samples with the classical 30% HCI, (removal of carbonate) and 38% HF (removal of
silicate) treatments. Therefore HCl1 was used in order to disolve the silicia gel forming
during the HF silicate reaction. The total residue was submitted by separation (ZnCl,;
d=1.9-2.0 g/cm®). Occasionally separated kerogen concentrate was also submitted to con-
ditional acetolysis and oxidation (NaCl+HNO,; KCIO,+HNO,; staining efect on exines;
Ercegovac, 1990).
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Some of the most significant and good preserved palynomorph are illustrated on the
Plates I-1IV.

BIOSTRATIGRAPHIC CHARACTER OF PALYNOMORPH ASSOCIATIONS

Spores, gymnosperm pollen and dinoflagellate types identified in Lower Cretaceous
KaSajina River Beds (Figs. 1, 2) are the following:

Antetruma SPORITES H. Potonié, 1893

Turma TRILETES (Reinsch) Dettmann, 1963

Subturma AZONOTRILETES (Luber) Dettmann, 1963
Infraturma LAEVIGATI (Bennie & Kidston) R. Potonié, 1956

Cyathidites Couper, 1958
Cyathidites australis Couper, 1953
Cyathidites minor Couper, 1953
Cyathidites sp.

Calamospora Schopf, Wilson & Bentall, 1944
Calamospora cf. mesozoica Couper, 1958
Biretisporites (Delcourt & Sprumont) Delcourt, Dettmann & Hughes,
1963
Biretisporites potoniaei Delcourt & Sprumont, 1955

Concavisporites (Pflug) Delcourt & Sprumont, 1955
Concavisporites variverrucatus Couper, 1958
Concavisporites cf. obtusangulus (R. Potonié) Krutzch, 1964
Concavisporites sp.

Gleicheniidites (Ross) Delcourt & Sprumont, 1955
Gleicheniidites senonicus Ross, 1949
Gleicheniidites sp.

Deltoidospora (Miner) Potonié, 1956
Deltoidospora cf. toralis (Leschick) Lund, 1977

Deltoidospora sp.

Trilitisporites Laveine & Danze — Corsin, 1963

Trilitisporites microverrucosus Hagemann, 1965
Infraturma APICULATI (Bennie & Kidston) R. Potonié, 1956
Subinfraturma VERRUCATI Dybova & Jachowicz, 1957

Converrucosisporites Potonié & Kremp, 1954
Converrucosisporites cf. venitus Batten, 1973
Converrucosisporites sp.

Subinfraturma NODATI Dybova & Jachowicz, 1957

Osmundacidites Couper, 1953
Osmundacidites cf. wellmanii Couper, 1958

Infraturma MURORNATI Potonié & Kremp, 1954

Foveosporites Balme, 1957

Foveosporites sp. (aff. multifoveolatus Doring, 1963)
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Klukisporites Couper, 1958
Klukisporites sp.

Lycopodiumsporites (Thiergart) Delcourt & Sprumont, 1955
Lycopodiumsporites cf. clavatoides Couper, 1958

Uvaesporites Doring, 1965
Uvaesporites sp.

Cicatricosisporites (Potonié & Gelletich) Potonié, 1966
Cicatricosisporites subrotundus Brenner
Cicatricosisporites angustus Singh, 1971
Cicatricosisporites australis Couper, 1958
Cicatricosisporites brevilaesuratus Couper, 1958
Cicatricosisporites cf. dorogensis R. Potonié & Gelletich, 1933
Cicatricosisporites cf. claricanalis Philips & Felix
Cicatricosisporites cf. venustus Dedk, 1963

Plicatella Maljavkina, 1949
Plicatella sp.

Lycopodiacidites (Couper) R. Potonié, 1956
Lycopodiacidites cf. cerniidites (Ross) Brenner, 1963
Lycopodiacidites sp.

Nevesisporites Jersey & Paten, 1964
Nevesisporites sp.

Cooksonites (Pocock) Dettmann, 1963
Cooksonites sp.

Turma ZONALES (Bennie & Kidston) R. Potonié, 1956
Subturma AURITOTRILETES Potonié & Krutzch, 1954
Infraturma AURICULATTI (Schopf) Dettmann, 1963

Appendicisporites Weyland & Krieger, 1953
Appendicisporites tricornitatus Weyland & Greifeld, 1953
Appendicisporites tricuspidatus Weyland & Greifeld, 1953
Appendicisporites cf. problematicus (Burger) Singh, 1971
Appendicisporites potomaceous Brenner, 1963
Appendicisporites sp.

Matonisporites Couper, 1958
Matonisporites sp.

Trilobosporites (Pant) R. Potonié, 1956
Trilobosporites cf. apiverrucatus Couper, 1958
Trilobosporites sp.

Trilites (Erdtman ex Couper) Dettmann, 1963
Trilites sp.

Subturma ZONOTRILETES Waltz, 1935
Infraturma CINGULATI (R. Potonié & Klaus) Dettmann, 1963

Cingutriletes Pierce, 1961
Cingutriletes cf. clavus Dettmann, 1963
Cingutriletes sp.
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Contignisporites Dettmann, 1963
Contignisporites cf. cooksoni (Balme) Dettmann, 1963
Contignisporites sp.

Distaltriangulatisporites cf. irregularis Singh, 1971
Distaltriangulatisporites sp.

Anteturma POLLENITES R. Potonié, 1931

Turma SACCITES Erdtman, 1947

Subturma DISACCITES Cookson, 1947

Alisporites Daugherty, 1941
Alisporites cf. bilateralis Rouse, 1959
Alisporites sp.

Podocarpidites (Cookson) Potonié, 1958
Podocarpidites ellipticus (Cookson) Couper, 1953
Podocarpidites sp.

Subturma POLYSACCITES Cookson, 1947

Callialasporites (Sukh Dev.) Potonié, 1966

Callialasporites dampieri (Balme) Sukh Dev, 1961
Subturma MONOPORINES Naumova, 1939

Classopollis (Pflug) Pocock & Jansonius, 1961
Classopollis classoides (Pflug) Pocock & Jansonius 1961
Classopollis torosus (Reissinger) Couper, 1958
Classopollis sp.

Turma ALETES Ibrahim, 1933
Subturma AZONOLETES (Luber) R. Potonié & Kremp, 1954
Infraturma GRANULONAPITI Cookson, 1947

Araucariacites (Cookson) Couper, 1953
Araucariacites sp.

Sphaeripollenites (Couper) Jansonius, 1962
Sphaeripollenites sp.

Subturma POLYPLICATES Erdtman, 1952

Ephedripites Bolchowitina, 1953
Ephedripites sp.

Welwitschiapites Bolchowitina, 1953
Welwitschiapites simplex Dedk, 1963
Welwitschiapites alekhinii Bolchowitina, 1953

Subturma MONOCOLPATES Iversen & Troals — Smith, 1950

Ginkgocycadophytus (Samoilovitch) De Jersey, 1962
Ginkgocycadophytus cf. scabratus (Stanley)

Cycadopites (Wodehouse) Wilson & Webster, 1964
Cycadopites sp.

Monosulcites (Cookson) Couper, 1953
Monosulcites subgranulosus Couper, 1958
Monosulcites minimus Cookson, 1947
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DINOFLAGELLATAE
Dingodinium cf. cerviculum Cookson & Eisenack, 1958
Solisphaeridium sp.
Pareodinia sp. (type asperata Riley, 1980)
Pareodinia sp.
Pareodinia cf. arctica Wiggins, 1975
Cleistosphaeridium ancoriferum Cookson & Eisenack, 1969
Cleistosphaeridium cf. polytrichum (Valensi) Davey et al., 1969
Cleistosphaeridium cf. polyacanthum Gitmez, 1970
Scriniodinium oxfordianum Sarjeant, 1962
Ctenidodinium sp.
Ctenidodinium cf. fenellum Deflandre, 1938
Ctenidodinium cf. elegantulum Millioud, 1967
Systematophora sp.
Tenua hystrix Eisenack, 1958
Cyclonephelium sp.
Fromea cf. amphora Cookson & Eisenack, 1958
Fromea sp.
Peridineae gen. et sp. indet.
Cymatiosphaera sp.
? Haplocysta sp.
Periodinium sp.
? Deflandrea sp.
Hystrichosphaeridium sp.

MICROFORAMINIFERA
Lagenamina sp.

General characters of presented palynomorph association can be described as follows:

Trilete levigate spores as Cyathidites and Deltoidosporites (fam. Cyatheaceae and
Dicksoniaceae) in the investigated samples are sporadic. The same refers to species of
the genera Todisporites, Matonisporites and Osmundacidites, indicating a notable reduc-
tion in Jurassic floral elements (pteridophyte spores). A particularity of the association is
the presence of Cingutriletes and Converrucosisporites—type spores, and of concave
spores (Concavisporites variverrucatus) that are common in Upper Jurassic of England
and Scotland (Couper, 1958). Spores of Contignisporites—type — common elements of
the Upper Jurassic microflora — are found sporadically.

Few Trilites spores are found in samples from the KaSajina River Beds. Doring
(1966) mentions their relatively common presence in Lower Cretaceous rocks of Ger-
many (Wealden).

Palynomorph associations changed much in composition during the Valanginian:
Classopollis—like pollen was much reduced; representatives of Platysacus and spores of
Rogalskaisporites disappeared. The species Appendicisporites jansonii, A. tricornitatus and
others are found at the base of Valanginian unit. The appearance of Pilosisporites verus
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and P. trichopapillosus spores (Lygodium) is also associated with the Valanginian. Note
that the these spores are not found in the Kasajina River Beds sediments.

The palynological assemblage from KaSajina River Beds contains very rare presence
of spores from fam. Gleicheniaceae, which are more abundant in Aptian sediments of
Europe (Couper, 1958; Baltes, 1967; Panti¢ & Secerov, 1975).

Relatively frequent in the association are the canaliculate species Cicatricosisporites
subrotundus, C. angustus, C. australiensis, C. brevilaesuratus, C. cf. dorogensis, C. cf.
claricanalis, C. cf. venustus and Appendicisporites tricornitatus, A. tricuspidatus, A. cf.
problematicus, A. potomaceous, whose incidence is significant in Lower Cretaceous of
Europe and Russia. Vakhrameev & Doludenko (1976) believe that the Berriasian
was characterized by the occurrence of striate (canaliculate) spores of the type Cicatrico-
sisporites, whereas in the Indo—European paleofloral province the genus Appendicisporites
occurs in the Lower Cretaceous (Valanginian). Pocock (1967, 1980) studies sedimentary
rocks at the Jurassic—Cretaceous boundary and interprets the appearance of Cicatrico-
sisporites and Arcellites as an indication of the Lower Cretaceous.

Monosulcate pollen grains of Ginkgoales, Cycadales and Bennettitales are quite in-
frequent in the presented association. The lack of bisaccate pollen of Pinaceae and Podo-
carpaceae families can be explained by genetic conditions of these sediments; developed
hill vegetation probably did not exist within the reach of the depositional area. The above
stated also refers to the genera Araucariacites, Callialapollenites, and Classopollis. The
scarcity of the Classopollis—type pollen may be explained by the conditions of sedimen-
tation (where xeromorphic vegetation such as Brachyphyllum and Pagiophyllum might
have existed at some distance from the coast).

A relatively frequent presence was noted in the examined samples of the Dinoflag-
ellatae algal group. Most of the dinoflagellates remains are poorly preserved.

Dinoflagellate remains in palynomorph associations from the KaSajina River Beds
have certain biostratigraphical value. Gonyaulacysta, Lanterna and other genera characteris-
tic of Oxfordian and Kimmeridgian, and partly Tithonian, have not been identified. There
are few Pareodinia cf. arctica, Ctenidodinium cf. tenellum, Solisphaeridium sp., Cleisto-
sphaeridium cf. polyacanthum, Scrinodinium oxfordianum and Systematophora sp., common
in Tithonian rocks. Some of these, however, continue throughout the Berriasian to the
Lower Valanginian. The prevailingly Lower Cretaceous age (Berriasian, Valanginian and ?
Hauterivian) is indicated by Dingodinium cf. cerviculum, Cleistosphaeridium ancoriferum,
C. cf. polytrichum, Ctenidodinium cf. elegantulum, Tenua hystrix and Fromea cf. amphora,
and quite abundant microforaminifera.

A marine depositional environment is characterized by the relatively common pres-
ence of the so—called palynoforaminifera and microforaminifera with chitinous linings
(Scytinascia; Dedk 1964). These remains are often found in sedimentary units of the Ju-
rassic and the Lower Cretaceous, but their biostratigraphical importance is not great.

The Jurassic—Cretaceous sedimentation break is not found in several regions of
Europe (England, France, etc.; Hughes, 1973), where many palynomorphs characterizing
sedimentary rocks of the latest Jurassic are also contained in Lower Cretaceous forma-
tions. They are Cicatricosisporites dorogensis, Pilosisporites trichopapilosus, Cingulati-
sporites valdensis and others.
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Transitional systems between the Tithonian and the Berriasian in many regions of
Russia are characterised by spores of Cicatricosisporites—type. Tithonian, Berriasian, and
Valanginian rock units also contain leiotrilete spores (Cyathidites minor, C. junctus, Ly-
godiumsporites subsimplex, Klukisporites pseudoreticulatus, Gleicheniidites sp. and others
concave spores). Still predominant in the Valanginian is pollen of Classopollis, and there
are many occurrences of Cicatricosisporites and Appendicisporites species, and species of
Gleicheniidites senonicus, Trilobosporites bernissartensis and Cyathidites minor (Vak-
hrameev & Doludenko, 1976). The genus Appendicisporites is found in Valanginian
rocks of the Indo—European paleofloral region.

The Jurassic—Cretaceous boundary on the continental shelf of the Netherlands, de-
fined on palynomorphs (Burger, 1966; Herngreen et al., 1980), is marked by first oc-
currences of Plicatella—like spores (Appendicisporites tricornitatus), Cicatricosisporites,
Trilobosporites, Maculatisporites and Tuberositriletes. Pilate spores are notable (Pilosi-
sporites trichopapilosus). Cicatricose spores in uppermost Tithonian and Berriasian for-
mations are fairly abundant. This boundary is actually marked by a Classopollis Zone
(Upper Malm). Additionally to this dominant pollen, sporadically occur Callialasporites
turbatus (Applanopsipollenites triangularis) and dinoflagellate of Ctenidodinium ornatum,
Gonyaulacysta jurassica and Pareodinia ceratophora — type (at Middle—Upper Malm).
The species Gonyaulacysta cladophora, G. granulatus and G. longicornis disappear in the
late Malm. The Cicatricosisporites—Plicatella (Appendicisporites) Zone corresponds to the
Lower Cretaceous (Berriasian, in: Herngreen et al., 1980). Its microfloral composition
is represented by Plicatella tricornitata, Trilobosporites apiverrucatus, Concavissimispo-
rites and Pilosisporites trichopapillosus. Valanginian marine sedimentary formations (up-
per parts) contain some new dinoflagellate genera (Broomea, Muderongia and others).
Palynomorphs from the Jurassic—Cretaceous system of the Netherlands are correlative
with similar associations of Germany (Mecklenburg; Doring, 1965) and England (Dor-
set; Norris, 1969).

An abundant association of palynomorphs in Lower Cretaceous sedimentary rocks of
northwestern Dnieper—Donets region, Russia, is reported by Voronova (1984). The
Valanginian complex is much diverse, characterized dominantly by spores of the family
Schizaceae (Anemia, Lygodium, etc. by about 70%) and Gleicheniaceae (20-30%), and
scarce families Dicksoniaceae, Matoniaceae (less than 4%). Pollen grains of conifers
(Protoconiferae, Pinaceae, Bennettitaceae, and Ginkoaceae) are comparatively common,
and those of Classopollis—type are much scarcer, like in the palynomorph association of
the Kasajina river sediments. Voronova (1984) suggests that the Hauterivian—Barremian
system of the mentioned sedimentary rocks is very similar to the Valanginian system.
Climatic changes reduced Bennettite— and Ginko—phytes, and consequently affected the
character of the palynomorph association. However, the described system is characterized
by the predominance of Gleicheniaceae spores (60%) and the sporadic presence of Ane-
mia, Lygodium, Cibotium, Pelletieria and Dicksonia. These terrestrial ferns, highly proli-
fic in spores, populated largely tropical and subtropical regions. Also sparse are typical
representatives of Jurassic flora (Bennettitaceae, Cycadaceae, Gingkoaceae and Araucaria-
ceae). The increased density of Taxodiceae and Cupressaceae pollen and the few occur-
rences of angiosperm are characteristic of Aptian rock complexes. This floral composition
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of the vegetation suggests warm and wet climate of the Dnieper and Donets regions in
the Lower Cretaceous; the climate was more moderate in the end of the epoch, as
evinced by Albian palynologic systems.

A palynomorph association, dated Valanginian—Hauterivian, from Lower Cretaceous
rocks of Stara Planina (Rsovci; Ercegovac & Andelkovi¢, 1972) indicates mesophilic
character of the flora that existed in the region. The spore and pollen association still
includes some elements of Upper Jurassic flora (spores of the fern Coniopteris and pollen
of primitive conifers of Palacoconiferae group), and floral elements of the early Lower
Cretaceous (Schizacaea, Gleicheniaceae and others). This palynological material from Rsov-
ci section ("Visocica Region" of Lower Cretaceous bathyal formation on Stara Planina) is
well correlated with microflora from the Kasajina River Beds.

Palynomorph associations from KaSajina River Beds of NE Serbia are partly cor-
relative with rich spore and pollen associations from Lower Cretaceous units of Vojvodi-
na (Site Uzdin—1 and Sibovo-1; Panti¢ & Secerov, 1975). Numerous fern typical of
Lower Cretaceous sediments (Cicatricosisporites, Plicatella, Trilobosporites and others),
cycadophyte (Cycas), particular forms from the group Classopollis, and many conifer re-
mains (Alisporites, Podocarpidites) suggest the likely sediment deposition in the Haute-
rivian and the Barremian.

Published information on changes in the composition of palynomorph associations at
the Jurassic—Cretaceous boundary is the following:

The same refers to species of the genera Todisporites, Matonisporites, and Osmun-
dacidites, indicating a notable reduction in Jurassic floral elements (pteridophyte spores).
A particularity of the association is the presence of Cingutriletes and Converrucosispo-
rites—type spores, and of concave spores (Concavisporites variverrucatus) which are
common in Upper Jurassic of England and Scotland (Couper, 1958). Spores of Contig-
nisporites—type — common elements of the Upper Jurassic microflora — are found spo-
radically.

Sedimentary systems of the Upper Jurassic (mostly Tithonian) in most of the locali-
ties over the world contain dinoflagellates, dominantly Scriniodinium luridum, Gonyaula-
cysta jurassica, Pareodinium ceratophora and others (England; Batten, 1973). However,
the species G. jurassica and P. ceratophora are scarce in lowermost parts of the Lower
Cretaceous unit. Late in the Tithonian, phytoplankton content is much lower than in the
Kimmeridgian, while spores and pollen of terrestrial plants are higher. Valanginian sedi-
mentary rocks often contain marine phytoplankton of Gardodinium and Cyclonephelium
genera.

CONCLUSION

On the basis of geological and palynological investigations of the KaSajina River
Beds (Klokocevac; NE Serbia), the conclusions are following:

The microfloral character of the obtained palynoassociation in KaSajina River Beds
allows some new consideration in relation to Jurassic—Cretaceous boundary in NE Serbia.
By the available biostratigraphical data Lower Cretaceous of this sediments was more
precise determined.
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From these sediments, relatively abundant but rather uniform association of spores,
pollen and marine phytoplanktonic remains are obtained. Palynospectres are dominated by
Cicatricosisporites, Appendicisporites, Trilites, Foveosporites and Cornutisporites (Wel-
witchiapites). Rarely, there are also spores of Cyathidites, Matonisporites, Deltoidospora,
Biretisporites, Converrucosisporites, Trilobosporites and Cooksonites. Concave spores
with pilose appendices, usually very characteristic for the Lower Cretaceous sediments of
Europe and Canada, were not identified in the palynofacies of the KaSajina River Beds.
Especially important characteristic of palynospectres is rare presence of primitive Conif-
erae pollen grains of Classopollis, Caytonipollenites, Alisporites, Callialasporites and
Sphaeripollenites—type. The forms of Monosulcites, Ginkgocycadophytus, Alisporites and
Podocarpidites are more often present. The remains of dinoflagelates (Cleistosphaeridium,
Peridinium, Gonyaulacysta, Pareodinia, Fromea, Ctenidodinium, Tenua, Systematophora,
Scriniodinium, and others) are present in significant amounts, with a dominance of Lower
Cretaceous forms over Upper Jurassic (Kimmeridgian) ones.

Microscopic examination of organic facies and palynofacies suggests that the preser-
vation state of deposited organic matter in this samples is significantly methamorphosed.

The lithofacial and metamorphic appearances of the KaSajina River Beds and the
contents of manganese concretions, diabase, and serpentinite, and particularly the com-
plete lack of carbonate—shelled fossils are unequivocal indications that these beds are
typical "schistes lustres" formed on the deep oceanic floor, below CCD level.

The Valanginian—Hauterivian age of the KaSajina River Beds has an important geo-
logical implication. It definitely corroborates the presence of Lower Cretaceous Sinaia
Flysch type and Azuga Beds type their tectonic recurrence and the abnormal position —
thrust over the Miro¢ parachton, as seen in the Veliki Greben regional section in the
Klokocevac river (Figs. 2, 3)
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PE3MUME

BUOCTPATUTPA®CKA NUCITIUTUBAIHLA TOIBOKPEIHUX
"CIOJEBA KAIMAJUHE PEKE" U IbUXOB 3HAYAJ
3ATEOJOInJY CEBEPOUCTOYHE CPBMJE

IIpo6aem crapoctn ruiHEX ceuMeHaTa Ha npoctopy Kapmaro—Gankanuaa, Koju
Cy y JUTepaTypH IIO3HATH Nojx Ha3uBoM CHHAjCKM CIIOjeBM M JlaHAC je BeoMa aKTyeJaH.
JomuMm cekBeHIamMa oBuX ummHuX TBopeBmHa Mcrounmx Kapmara Ha Teputopuju
Pymynuje npunapajy "crnojeBu Asyra" y noapydjy Mexagunatu (y gonunau [Ipaxose), Koju
cy m3rpabenn of cMebux aneBpoJnTa, IPBEHNX U 3€JICHKACTHX CHIMIMO3HUX INIMHALA ca
TyOBMMA, CHWIMTAMA W MAaHTaHCKUM KOHKpenwjama. HajHmXku pnenoBm cappxe u
VIIKpH/bEHA COUMBACTa Tesa Anujabasa m cepneHTHHUTA. [Io CBEM rilaBHEM OcoOMHaMa
NpeficTaBjbajy THNMYHE CjajHe IIKPWblLle HAcTalle Ha JyOOKOM OKEaHCKOM HHY. Y
pymyHckuMm Kapmatuma yOpaHm "crnojeBm Asyra' Hanaze ce y JOBMM H CPENHUM
nenoBuma CuHajckux ciojeBa (Codarcea et al., 1961). Y nonuau Cosustea cajpxe TH-
TOHCKY acorujanujy Kannuonena (Calpioneles; Staniou, 1978). Tu cenqumentu y Vcrou-
Hoj CpOuju Hanase ce y 30Hu KocoBule, a o3HaueHu cy kao "crnojeBu Kamajune peke”
(Grubid, 1962). IIpema Grubicu (1962) "cnojeBu Kamajune pexe" cy MACHTHYHH ca
"cnojeBuma Azyra" u3 noppydja Mexanuuatu y Pymynuju (Codarcea et al., 1961).
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Y crpaturpadckom morieny cemmMmeHTn KamajuHe peke o caja HHCY Onmxke
nedunucanu. [1oOujeHn TMopaly O CTApOCTH OBUX CIlIOjeBa Cy Ofi MOCEOHOr 3Hauaja 3a
TyMadewe reonoruje mmper npocropa ceseponcroyne Cp6uje (Grubié et al., 1998). ¥
pafy ce mpmKasyjy o6mocTpaTtmrpadcke W IajeoeKOJIOMKe KapaKTepUCTUKE (POCHITHIX
cropa, nosjieHa u fuHoduiarenara u3 "crnojea Karmajune peke".

Y wucrounoj Cp6uju y pmonmam KamajuHe peke Haia3ze ce Haj0OJbe OTKPHBEHU
npodunu fomux fenosa CHHajcKUX clojeBa. Y HHMa A0 caja HUje MpoHabeH HUKaKaB
(hocnman maTepujan. Ha 3anaganm magpramMa Mupoda OBH CIIOjeBH CYy OTKPUBEHH TaKO-
be anu camo mecrumuyHo. Haj6oibe OTKpUBEH U3aHAK ce Haja3u Ha MyTy MajgaHnek—
—Herorun ncroyno op Knokouesma. Ha ciumu 1 mpukasaH je mojoxkaj MCHUTHBaHE
JIOKaJHOCTU. Y BuIlle HaBpata (y pacmoHy of 2 fAcleHHje) MPYrONOTIHCAHUA ayTOp je
npoy4aBao "cnojeBe Kamajune peke" ca Te M JpYrux JOKAJTHOCTU U CAKyIUMO OOMMaH
MaTepujal 3a MUKPONAJCOHTOJIOMIKA WCIHUTHBAKka M3 TMENIYapCKHX, JAMOPOBUTHX M
TIMHOBUTHUX CeKBeHIM. McnocTaBuno ce fa (hOCHIHNM MaTepHjall TH CIOjEBH CafpKe caMo
y mpocpmry KitokoueBauke peke 0 KOMe je OBfie ped.

360r cnenquUIHUX JUTOJOMIKUX OCOOMHA OBUX "CjajHUX WIKpUbala" MOXKe ce KOH-
CTaTOBaTH fja je y OCHOBM KOpHIITheH yoOMdajeH, alM Mayio TpHIarobeH IMOoCTymak
Marepalgje na je foOujeH U peJaTuBHO 6orat Mukpodaopuctuuku Matepujai (Ercego-
vac, 1990). C o63upoM nma je opraHcku Martepujai (TmammHoMopde M OcTaly TKHUBA)
3HavajHUje MeTaMmopgucaH (KapOoHH3UpaHe OIHE NMaNMHOMOpda) IPHMEHEH je MOoCTy-
nak okcupanuje (NaCl+HNO,, KClO,+HNO, nnu nymsrea HNO,), mTo je omoryhmio
NaJIeOHTOJIOMIKY JleTepMUHALYjy HajBeher O6poja manunomopda.

W3 HajHmKux fenoBa reosyomkor cryba CrHajckux ciojeBa y foiauHu KiiokoueBauke
peke (ucrouno on KiokoueBna, Ha nmyty Majpannek—HeroTtnH) no6ujeHa je penaTHBHO
6orara, ajm ¥ OCTa jeHONMYHA acoNMjalyja CIopa, NOJIeHa W MOPCKHUX (PUTOIUIAHKTOH-
CKHUX OCTaTaka. Y MaJIMHOCIEKTPUMA AOMHHHUPAjy MUKPO(IOPUCTHUKY OCTall KOIMHEHHX
Ombaka (crope NTepuouUTa U IOJCH YeTHHapa). Y HaJHHOCIEKTpHMa CBOjOM ydecTa-
nouthy ucruuay ce poposu Cicatricosisporites, Appendicisporites, Trilites, Foveosporites u
Cornutisporites (Welwitchiapites). Pebe ce jaBmajy cnope tuna Cyathidites, Matonisporites,
Deltoidospora, Biretisporites, Converrucosisporites, Trilobosporites u Cooksonites, ka0 u CIo-
pe tuna Gleicheniidites u Contignisporites. KoHKaBHe cIope ca NMIIO3HUM H3pallTajuMa
(Pilosisporites), nHaUe BeoMa KapaKTEepUCTHUYHE 3a CeJUMEHTe AOme Kpefe EBpomne n
Kanape, y nanmmroammjn "Karmmajuaux cimojeBa” HUcy KoHcTaToBaHe. [loce6HO 3HaYajHO
obeJjiexxje MaJMHOCHEKTapa je PeTKO I0jaB/bUBAKE TOJIEeHA NPUMUTHBHAX YeTHHApa TUIA
Classopollis, Caytonipollenites, Alisporites, Callialasporites n Sphaeripollenites. Ponosu Mo-
nosulcites, Ginkgocycadophytus n Podocarpidites denthe cy 3acTyIUbEHH Y OHOCY Ha TOMe-
HyTe obiuKke. 3HauajHO ydyelrhe uMmajy ocranu punodmarenata (Cleistosphaeridium, Peri-
dinium, Pareodinia, Fromea, Ctenidodinium, Tenua, Systematophora, Scriniodinium wu fp.), Me-
by KojuMa cy THIIMYHE BpCTe M3 TOpH-E jype (THTOH) 3HATHO pebe 3acTymubeHe y OgHOCYy Ha
TOHOKPENHE OOJIHKE.

MukpodIopiUCTUUKN MaTepHjas OpuIiafa TOIIO] U BIIaKHO] TPOICKO] OMILHOTEO-
rpad)cKoj TPOBWHIMjH, KOja je er3WcToBalla y MOH0] Kpemu Ha mpocropy Mcroune
Cpbuyje.

Ha ocHoBy mpoyyaBama MHUKpPO(IOPHCTHYKHMX OCTaTaka u3 fome Kpene Crape
IMnauune (PcoBum; Ercegovac & Andjelkovié, 1972) yrBpbeHo je ma nmajavHOIONIKA
CIIEKTap, uuja je crapocT ofipebeHa Kao BaJeHAUHCKO—OTPHUBCKA, MOKa3yje Me30(UIHU
KapakTep (rope Koja je mocrojana Ha oBoM npocropy. OH ce oriefa y ToMe IITO Cy y
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KOMIIIEKCY CIIOpa M MOJICHA NPHUCYTHH jOII YBEK HEKH E€JIEMEHTH TOpmOjypcke hiope
(cnope nmanparu Coniopteris Vi TOJIeH NPUMUTHBHUX YeTHHapa U3 rpyne Palacoconiferae),
Kao ¥ eJeMeHTH (iope crapuje nome kpepe (Schizaeacaea, Gleicheniaceae u fp.). OBaj
MaJIMHOJIONIKY MaTepujai ca npoduina PcoBuu ("Bucouka obmact" GaTujaaHOr pa3Buha
nome kpeae Ha Crapoj [TnaHuHN) MosKe ce Takohe J06po KopesucaTi ca MUKpOGhIOpOM
u3 ciojena "Kaiajuna pexe".

Ho6ujern manuHONOmKY cnekTpu n3 "Kamajuraa cnojeBa" ceBepomncroune Cp6mje
MOTY ce JIeJIMMIYHO KOpesmcaTu ca OoraTUM acouyjanyjaMa Cliopa W HOJIeHa U3 AOHbe
xpene Bojsomune (Gym. Y3mpun—1 u llnGoso-1; Panti¢ & Secerov, 1975). Ha ocHOBy
OpOjHUX ocTaTaka HanpaTmhada TUHIMYHUX 3a oy Kpeny (Cicatricosisporites, Plicatella,
Trilobosporites n ap.), npucycTBo uukagpogpura (Cycas), Kao U crenuuIHUX 00JIMKa 13
rpyne Classopollis n yectux ocrataka Kouudepa (Alisporites, Podocarpidites) Moxe ce
3aKJbYUINTH Jla CYy OBU CEANMEHTH HajBEPOBATHHjE CTBAPAHU Y OTPHUBY 1 6apeMmy.

Ha ocHoBy 6uoctpaturpadcke aHanuse (pOCHITHUX cropa, MoJjieHa U fuHOo(paresaTa
crapocr "Kamajunux cinojeBa" je ogpebeHa kao HajsepoBaTHHje JOWOKpeHA (TIPETEKHO
BaJieHMUH—OTpHB). [loOujeHa aconumjauja naanaomMopgu u3 "Karmrajuna ciojeBa" ucrou-
He CpOuje Moxe ce 1oOpo KOopesucaTH ca NaltuHoMopdama 13 ceJuMeHaTa cTapuje JOmbe
kpene EBpone (Enrnecka, Hemauka, Pymynuja); (Norris, 1969, Herngreen et al., 1980,
Doring, 1965, 1966, Baltes, 1967), koju cy CTBOPEHH y KOHTHHEHTAIHO] (panuju (BasieH-
IMH), Kao U ca celUMEHTIMA KOjM O3HayaBajy rpaHuly jypa—Kpefa Ha npoctopy CeBepHe
Kanane (Pocock, 1980).

Pesynratuma oBor paja yTBpbeHe cy mOy3maHO M HEKe BaXKHE PETrHOHAIHO-TEOo-
JomKe unmheHune. [Je(nHnTHBHO je MOTBpheHo mMocTojame JOmOKPEJHNX CeMeHaTa
trna CuHajckor ¢mia 1 " A3yra ciojeBa’ U Ha 3aIlafHOM KPHJIY BeJIMKE MAPOYKE aHTH-
topme (. 2) ¥ BUXOBO TEKTOHCKO MOHABIbAIC M HEHOPMATaH, ONHOCHO HaBYYCHHU
NI0JIOXa]j IIPEeKO MAPOYKOT NapaxToHa (ci. 3).

PLATE I TABJA

Fig. (Cn.) 1. Cyathidites australis Couper

Fig. (Cn.) 2. Calamospora cf. mesozoica Couper

Fig. (Cn.) 3. Biretisporites potoniaei Delcourt & Sprumont
Figs (Cn.) 4, 5. Matonisporites sp.

Fig. (Cn.) 6. Gleicheniidites cf. stellatus Bolkovitina
Fig. (Cn.) 7. Gleicheniidites cf. senonicus Ross

Fig. (Cn.) 8. Trilitisporites microverrucosus Hagemann
Fig. (Cn.) 9. Converrucosisporites cf. venitus Batten
Fig. (Cn.) 10. Converrucosisporites sp.

Fig. (Cn.) 11. Osmundacidites wellmanii Couper

Fig. (Cn.) 12. Foveosporites cf. multifoveolatus Doring
Fig. (Cn.) 13. Klukisporites sp.

Fig. (Cn.) 14. Lycopodiumsporites cf. clavatoides Couper
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PLATE II TABJIA

Uvaesporites sp.

Cicatricosisporites cf. claricanalis Philips & Felix
Cicatricosisporites subrotundus Brenner
Cicatricosisporites sp.

Cicatricosisporites australis Couper

Cicatricosisporites cf. venustus Dedk

Appendicisporites cf. problematicus (Burger) Singh
Appendicisporites tricuspidatus Weyland & Greifeld
Appendicisporites tricornitatus Weyland & Greifeld
Plicatella sp.

Nevesisporites sp.

Trilobosporites cf. apiverrucatus Couper
Trilobosporites sp.

Contignisporites cf. cooksoni (Balme) Dettmann
Cingutriletes cf. clavus Dettmann

PLATE III TABJA

Cooksonites sp.

Alisporites sp.

Araucariacites sp. (type austalis Cookson)
Callialasporites dampieri (Balme) Sukh Dev
Ephedripites sp.

Classopollis torosus (Reissinger) Couper
Classopollis sp. classoides (Pflug) Pocock & Jansonius
Sphaeripollenites sp.

Corniculatisporites (Welwitschiapites) cf. virgatus Dedk
Corniculatisporites (Welwitschiapites) simplex Dedk
Ginkgocycadophytus sp.

Monosulcites sp.

Pareodinia cf. asperata Riley

Pareodinia cf. arctica Wiggins

Periodinium sp.

PLATE IV TABJA

Dingodinium cf. cerviculum Cookson & Eisenack
Tenua cf. hystrix Eisenack

Fromea sp. (cf. amphora Cookson & Eisenack)
Ctenidodinium sp. (cf. elegantulum Millioud)
Cyclonephelium sp.

Scriniodinium oxfordianum Sarjeant
Cleistosphaeridium cf. polyacanthum Gitmez
Microforaminifers (Lagenamina sp.)
Microforaminifera
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Biostratigraphical Study of Lower Cretaceous KaSajina River Beds and . . .

81

TABLA 3



82

M. Ercegovac, A. Grubi¢ and J. Milivojevi¢

TABLA 4



