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The age of the Dinaride Ophiolite Belt — derived olistostrome
mélange at the northern slope of Moracka Kapa (Montenegro)

MARKO D. ERCEGOVAC!

Abstract. This paper presents the first results of a palynological investigation of the Dinaride Ophiolite
Belt — derived olistostrome mélange at the northern slope of Moracka Kapa (Montenegro). The analysis of
microfloral association provided a reconstruction of the Late Jurassic sedimentation conditions and
depositional environment in the Morac¢a Kapa Unit. The samples (8) collected from the different parts of
ophiolite matrix yielded palynomorph assemblages (fossil spores, pollen grains and dinoflagellates) of the
Upper Jurassic age. The uppermost part of the ophiolite suite on the presented palynomorphs could also
indicate the lowermost Lower Cretaceous. These palynological results provide a very interesting framework
of these widespread, but poorly stratigraphically understood sediments. The paleoecological results suggest
humid and subtropical conditions in the hinterland.

Key words: palynomorphs, age, ophiolite mélange, Upper Jurassic, Moracka Kapa, Montenegro.

Ancrpakt: Y paay ce npukasyjy MpBU pe3yATaTH MaJWHOJOMIKUX UCTIHTHBamba J{uHapuiackor ouonnt-
cKor mojaca Ha rmpoctopy Mopauke Kare (L{pua ['opa). AHanuza MuKkpodIopucTHUYKe acolgjaruje oMoryhnia
j€ PEKOHCTPYKIIH]y YCJIOBa CEAMMEHTAIIN]jE Y TOPH0j jypH Y jenunui Mopauka Kama. Y3opuu (8) motuuy u3
Pa3IMUUTHX JIeN0Ba OQHOIUTCKOT MeNlaHXKa caJpke acouujanujy naauHomopdu (dpocuitHe criope, HMOJIEH U
nuHO(IIarenare) Koja ykasyje Ha TOpHOjypcKy crapoct. Hajpumm neo oduomuTckor crydba Ha OCHOBY
NPUCYTHUX MATHHOMOp®a Morao Ou MPUIAAaTH U HAjHKUM JeJoBHMa Tomke kpeae. Cyaehn no kapakrepy
MHKpOQIIOpe MOXKe ce 3aKJbYUYHTH 12 je KJIMMa y BpeMe Topie jype Oria BlaKkHa U CyOTpOIICKa.

Kibyune peun: nanmmnomopde, crparurpaduja, ohpHOIUTCKH MENamXK, Topba jypa, Mopauka Kara, Lpaa ['opa.

Introduction

The Moracka Kapa Unit is located between the
Mesozoic cover overlying the Adria-derived Dalma-
tian-Herzegovinian composite terrane and the East Bo-
snian—Durmitor terrane which continues towards the
southeast to the Korab terrane. It is composed of frag-
ments to blocks (up to few decameters is size) of lime-
stones, sandstones, basalts and serpentinites, all set in a
shaly and marly matrix. It is very similar to the Jurassic
olistostrome mélange of the Dinaride Ophiolite Belt,
formerly named the Diabase-chert formation. The Mo-
racka Kapa unit represents an isolated part of the detrial
subduction trench assemblage of the western margin of
the Dinaride Ophiolite Belt (KARAMATA et al. 2010).

The purpose of this study is to present the micro-
floral characteristics of the Upper Jurassic sediments
(ophiolite mélange) with special emphasis on their
stratigraphic position, correlation with other similar

palynological assemblages in Serbia and aboard and
their geodinamic implications.

The Moracka Kapa Unit was first mentioned by
KALEZIC et al. (1966). Given that the position of the
unit is absolutely strange in this surrounding, its
geological properties and stratigraphic position de-
serve a special our attention. All the field work,
petrographical investigation of selected samples, pale-
ontological investigation and trace element analysis
were coordinated by S. KARAMATA.

Experimental
Samples
The palynological studies (spores, pollen grains

and dinoflagellates) were performed on 8 represen-
tative samples collected from an outcorp in the Mora-
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¢a Kapa ophiolite mélange in the valley of the Moraca
River (Dragovi¢a Polje, Velje Duboko, Montenegro;
Fig. 1). The samples from the matrix in Moraca
ophiolite mélange were collected during earlier field
works by S. KARAMATA and M. PAjovi¢, who studied
these localities in great petrological and geological
detail. Figure 1 shows the location of the exposed
surface, which was discovered at Dragovi¢i Polje and
the position of the investigated samples.

Methods and aims

About 200 grams of each sample were taken for
maceration. Palynomorphs were observed on isolated
kerogen concentrates from different rock samples. The
samples were initially treated with the classical 30 %
HCL (removal of carbonate) and later with 40 % HF
(3-5 days) to remove siliceous matter. Subsequently,
the material was washed and submitted to separation
(ZnCly; d = 1.9-2.0 g/cm?).

Occasionally, the separated ke-
rogen concentrate was also
treated to conditional aceto-
lysis and oxidation for about
three days (NaCl+HNOjs;
KCIO;+HNOj;; the staining
efect on exines; ERCEGOVAC,
1996). Afterwards the material
was again subjected to repeat-
ed washing to remove all traces
of the acids. The macerated de-
tritus was finally treated with
10 % KOH to dissolve the hu-
mic substances and clear the
palynomorphs.

Some of the most signifi-
cant and well preserved paly-
nomorphs are illustrated on
the Plates I-III. The prepared
slides and the original rock
samples are kept in the Paly-

Fig. 1. The geographical position of the sampling points at Dragovi¢i Polje.

Palynological investigations are performed on the
samples that were taken from the sequences without
any other microfossils. Due to the lack of ammonites
and other macro-fossils, stratigraphic control was not
possible for the investigated succession.

Details of the samples labeled with the numbers are
as follows: 2347 (Mm-1: Moraca, elevation 674,
x—4 747 995, y — 6 607 355); 2348 (Mm-2: Starce,
north from the elevation 890, x —4 746 975, 6 607 180);
2349 (Mm-3: StarCe, north from the elevation 890,
Xx—4746 975,y —6 607 180); 2350 (Mm-4: Starce, north
from the elevation 890; x — 4 746 895, y — 6 607 095);
2351 (Mm-5: StarCe, north from the elevation 890,
x—4 746 800,y —6 607 030); 2352 (Mm-6: Starce, south
from the elevation 890, x — 4 746 760, y — 6 607 130)
and 2353 (Mm-7: StarCe, south from the elevation
890; x —4 746 750, y — 6 607 185, Fig. 1).

It also should be mentioned that samples for petro-
logic investigations, labeled as: Mp-1/1, Mp-1/2, Mp-
2/1, Mp-2/2, Mp-3 and Mp-4, originated ftom the same
localities. They are composed of fragments to blocks of
limestones, cherts sandstones, basalts and serpentinites,
all set in a shaly and matrix (KARAMATA ef al. 2010).

nological Laboratory of the
Faculty of Mining and Geolo-
gy, Belgrade.

Systematic palynology and
biostratigraphic character of the
palynomorph association

Spores, gymnosperm pollen grain and dinofla-
gellate types identified in the Upper Jurassic (Kim-
meridgian; the Lowermost Cretaceous is not exclud-
ed) Moraca ophiolite mélange (Fig. 1) are listed
below. The spores and pollen grains reported in the
present paper were treated under the morphographic
system of R. POTONIE (1956, 1958, 1960).

Anteturma SPORITES H. PoTonIE, 1893
Turma TRILETES (REINSCH) DETTMANN, 1963
Subturma AZONOTRILETES (LUBER) DETTMANN,
1963
Infraturma LAEVIGATI (BEnNIE & KiDSTON) R.
POTONIE, 1956
Genus Cyathidites COUPER, 1953
Cyathidites australis COUPER, 1953 (PL 1,
Fig. 1)
Cyathidites minor COUPER, 1953 (PL. 1, Fig. 2)
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Cyathidites cf. mesozoicus (THIERGARTH) R.
Portonig, 1956 (PL. 1, Fig. 3)
Cythidites hausmanoides COUPER, 1953 (Pl. 1,
Fig. 12)
Genus Todisporites COUPER, 1958
Todisporites minor COUPER, 1958 (Pl. 1, Fig. 5)
Genus Deltoidospora (MINER) R. POTONIE, 1956
Deltoidospora cf. mesozoica (THIERGART)
ScHURMAN, 1960 (P1. 1, Fig. 4)
Genus Biretisporites DELCOURT, DETTMANN and
HUGHES, 1963
Biretisporites potoniaei DELCOURT and SPRU-
MONT, 1955 (Pl1. 1, Fig. 23)

Infraturma APICULATI (BenNIE & KIDSTON) R.
PoTONIE, 1956

Genus Osmundacidites COUPER, 1953
Osmundacidites cf. wellmanii COUPER, 1953
(PL. 1, Fig. 6)

Osmundacidites parvus DE JERSEY, 1965 (PI. 1,
Fig. 24)

Genus Acanthotriletes (NAUMOVA) R. POTONIE and

KREMP, 1955
Acanthotriletes cf. varrispinosus Pocock, 1962
(PL. 1, Fig. 22)

Genus Neoraistrickia R. POTONIE, 1956
Neoraistrickia cf. taylorii PLAYFORD and DET-
TMANN, 1970 (P1. I, Fig.19)

Neoraistrickia sp. (PL. 1, Fig. 20)

Genus Apiculatisporites R. POTONIE and KREMP,

1956
Apiculatisporites cf. parvispinosus (LESCHIK)
E. ScHurz, 1963 (Pl 1, Fig. 18)

Infraturma MURORNATI R. PotoNIE and KREMP,
1954

Genus Lycopodiumsporites (THIERGART) DELCO-
URT and SPRUMONT, 1955
Lycopodiumsporites cf. gristhorpensis COUPER,
1958 (PL. 1, Fig. 19)
Lycopodiumsporites cf. clavatoides COUPER,
1958 (PL 1, Fig. 21)

Turma ZONALES (BENNIE and KIDSTON) R. POTONIE,
1956

Subturma AURITOTRILETES R. PotonIE and
KRruTzCH, 1954

Infraturma AURICULATI (ScHOPF) DETTMANN, 1963

Genus Trilites (COOKSON) COUPER, 1953
Trilites cf. distalgranulatus COUPER, 1958 (Pl.
1, Fig. 13)
Trilites cf. verrucatus COUPER, 1958 (Pl. 1, Fig. 14)
Genus Leptolepidites COUPER, 1953
Leptolepidites verrucatus COUPER, 1958 (Pl. 1,
Fig. 8)

Leptolepidites sp. (PL. 1, Fig. 7)

Genus Ischyosporites BALME, 1957
Ischyosporites sp. (P1. 1, Figs. 9, 10, 11)
Ischyosporites cf. variegatus (COUPER) SCHULZ,
1967 (PL. 1, Fig. 26)

Subturma ZONOTRILETES WaLtz, 1935
Infraturma CINGULATI (R. PoronNiE and KLAUS)
DETTMANN, 1963

Genus Cingutriletes PIERCE, 1961
Cingutriletes sp. (Pagyophyllum cf. connivens
KENDALL, 1952 (P1. 1, Fig. 25)

Genus Cingulatisporites (THOMSON) R. POTONIE,

1956
Cingulatisporites cf. rigidus COUPER, 1958 (Pl.
1, Fig. 17)

Genus Staplinisporites COUPER, 1953
Staplinisporites cf. pocookii COUPER, 1953 (PI.
1, Fig. 16)

Infraturma TRICRASSATI DETTMANN 1963

Genus Gleicheniidites (Ross) DELCOURT and
SPRUMONT, 1955
Gleicheniidites cf. senonicus Ross, 1949 (P1. 1,
Fig. 15)
Gleicheniidites cercinidites (COOKSON) DET-
TMANN, 1963

Anteturma POLLENITES R. PoTonIE, 1931

Turma SACCITES ERDTMAN, 1947

Subturma MONOSACCITES (CHTALEY) R. POTONIE
and KrRemp, 1954

Infraturma SACCIZONATI BHARDWAI, 1957

Genus Callialasporites (SUKH DEV) R. POTONIE,
1966
Callialasporites dampieri (BALME) SUKH DEV,
1961 (PL 2, Fig. 5)
Callialasporites cf. trilobatus (BALME) SUKH
Deyv, 1961 (P1. 2, Fig. 6)

Subturma DISACCITES CooKsoN, 1947

Genus Vitreisporites LESCHIK, 1955
Vitreisporites cf. pallidus (REISSINGER) NILSSON,
1958 (PL 2, Fig. 7)

Genus Alisporites DAUGHERTY, 1941
Alisporites cf. grandis (COOKSON) DETTMANN,
1963 (P1. 2, Fig. 1)

Genus Abietinaepollenites R. POTONIE, 1951
Abietinaepollenites microalatus R. PoT., 1958
(PL. 2, Fig. 2)

Genus Podocarpidites (COOKSON) R. POTONIE, 1958
Podocarpidites cf. biformis ROUSE, 1954 (P1. 2,
Fig. 4)
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Turma ALETES IBrRAHIM, 1933

Subturma AZONOLETES (LUBER) R. POTONIE and
KRrEMP, 1954

Infraturma GRANULONAPITI CooksoN, 1947

Genus Araucariacites (COOKSON) COUPER, 1953
Araucariacites australis COOKSON, 1947 (P1. 2,
Fig. 8)

Araucariacites sp. (Pl. 2, Fig. 9)

Genus Sphaeripollenites (COUPER) JANSONIUS, 1962
Sphaeripollenites subgranulatus COUPER, 1958
(Pl. 2, Fig. 13, 14)

Subturma ZONALETES LUBER, 1935

Genus Perinopollenites COUPER, 1958
Perinopollenites elatoides COUPER, 1958 (P1. 2,
Fig. 12)

Turma PLICATES (NaumMova) R. POTONIE, 1958
Subturma PRAECOLPATES R. PoToniE and KREMP,
1954

Genus Eucommiidites (ERDTMAN) HUGHES, 1961
Fucommiidites cf. troedssonii ERDTMAN, 1948
(P1. 2, Fig. 10)

Subturma MONOCOLPATES IVERSEN and TROALS-
SMITH, 1950

Genus Gingocycadophytus (SAMOILOVITCH) DE
JERSEY, 1962
Gyngocycadophytus sp. (PL. 2, Fig.19)
Genus Cycadopites (WODEHOUSE) WILSON and
WEBSTER, 1946
Cycadopites sp. (Pl. 2, Fig. 20)
Genus Monosulcites (COOKSON) COUPER, 1953
Monosulcites cf. minimus COOKSON, 1947 (Pl.
2, Fig. 18)

Turma POROSES (Naumova) R. POTONIE, 1960
Subturma MONOPORINES Naumova, 1939

Genus Classopollenites (PFLUG) Pocock and
JANSONIUS, 1961
Classopollenites cf. classoides (PFLUG) Pocock
and JANSoNIUS, 1961 (PL. 2, Fig. 10)

DINOFLAGELLATEAE
Division PIRRHOPHY TA PASCHER, 1914
Class DINOPHYCEAE FritscH, 1929
Order PERIDINIALES HAECKEL, 1894
Genus Escharisphaeridia ERKMEN and SARJEANT,
1980
?Escharisphaerida sp. (Pl. 3, Fig. 5)
Genus Pareodinia (DEFLANDRE) STOVER and
EvitT, 1978

Pareodinia ceratophora var. pachyceras
(DEFLANDRE) GOCHT, 1970 (PL 3, Fig. 2)
Pareodinia cf. arctica WI1GGINS, 1975 (PI. 3,
Fig. 4)
?Pareodinia cf. imbatodinesis VOZHENNIKOVA,
1967 (PL. 3, Fig. 14)
Genus Apteodinium EISENACK, 1958
Apteodinium sp. (Pl. 3, Fig. 3)
Genus Lepdodinium (KLEMENT) STOVER and
EvitT, 1978
Leptodinium cf. eumorphum (COOKSON and
EISENACK) SARJEANT, 1969 (PL. 3, Fig. 8)
Genus Nanoceratopsis (DEFLANDRE) PIEL and
EviTT, 1980
?Nanoceratopsis cf. pelludica (DEFLANDRE)
EvitT, 1961 (PI. 3, Fig. 9)
Genus Indodinium KUMAR, 1986
?Undodinium sp. (Pl. 3, Fig. 10)

INCERTAE SEDIS

Group ACRITARCHA EviTT, 1963
?Epiplosphaera sp. (Pl. 3, Fig. 7)
Tasmanites cf. tardus EISENACK, 1958 (PI. 3,
Fig. 15)
?Membranolimbus sp. (Pl. 3, Fig. 12)
Penetetrapiites cf. mollis HEDLUND and NOR-
RIS, 1973 (PL. 3, Fig. 13)
Acritarcha gen. et. sp. indet. (Pl. 3, Fig. 6)

Informal division: “PALYNOFORAMINIFERA*
Genus Lagenammina RHUMBLER, 1911
?Lagenammina sp. (PL. 3, Fig. 11)

The palynomorph association from samples 2346,
2347, 2348, 2349 and 2353 are more or less similar in
floral composition. They are presented as a integral
assemblage of pteridophyte spores and conifer pollen,
which was used for stratigraphic and paleoecological
reconstructions. General characters of the presented
palynomorph association can be described as follows:

Trilete pteridophytic spores of Cyathidites austra-
lis, Deltoidospora minor, Trilites cf. verrucatus and
Apiculatisporites sp. are relative frequent in this asso-
ciation. The palynomorph assemblage of the Moraca
area is characterized by the abundant presence of the
genus Cyathidites. These spores correspond to the
plant species Coniopteris, or the families Cyatheaceae
and Dicksoniaceae, which is a general characteristic
of the Late Jurassic, partially of the Lowermost Cre-
taceous deposits in North America and Europe. The
shallow depositional environment is characterized
with dominant ferns (Cyathidites, Ischyosporites,
Deltoidospora, etc.).

The species Licopodiumsporites clavatoides and
other form with typical reticulum on the distal face is
quite infrequent in the presented association. Its pre-
sence, however, has certain biostratigraphic impor-
tance. The common elements of the late Jurassic in this
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assemblage include Ischyosporites variegatus, Perino-
pollenites elatoides and Leptolepidites verrucatus.

The absence of typically Lower Cretaceous ele-
ments (Trilobosporites, Appendicisporites, Cicatrico-
sisporites, Schizosporis, Plicatella, Cooksonites and
others) in investigated samples is very characteristic.
VAKHRAMEEV et al. (1973) believe that the transition
from the Volgian (Tithonian) to the Berriasian (Lo-
wermost Cretaceous) was characterized by the first
occurrence of canaliculate spores of the type Cica-
tricosisporites, whereas in the Indo—European paleo-
floral province the genus Appendicisporites occurs in
the Lower Cretaceous (Valanginian). The biostrati-
graphicaly significant presence of the Upper Jurassic
taxa such as Klukisporites, Callialasporites, Concavi-
sporites, Perinopollenites and Araucariacites, indica-
tes to a Late Upper Jurassic, probably Kimmeridgian
to Tithonian age for the Moraca ophiolite mélange.

The coniferous miospores are represented by
nonsaccate, monosacate and bisaccate elements viz.,
Araucariacites, Classopollis, Callialasporites, Ali-
sporites, Abietinaepollenites, Vitreisporites and Po-
docarpidites. A quantitative analysis the forms of the
microflora from the integral palynological association
showed the different frequencies of the various taxa.
It was concluded that Araucariaceae, Podocarpaceae
and Calliala grains among the Gymnosperms, and
Cyatheaceae, Gleicheniaceae, Lycopodiaceae and Os-
mundaceae among the Pteridophytes represent the
most important families of the Moraca microfloral
assemblage. A vegetation of dominating conifers from
the family Araucariaceae and Classopollis group
existed in the land habitatus in the prominent places
on islands, under a then warm climate. The species
Callialasporites dampieri is a representative element
for the middle—upper part of the Mesozoic in Europe,
North America, Australia, China and India.

This assemblage is also characterized by gymno-
spermous pollen grain among which are the forms with
two sacci, such as Quadraeculina, Abietinaepollenites,
Podocarpidites, etc. Of lower abundance are the pollen
grains of the monosaccate coniferales, such as Arau-
cariacites, Callialasporites, Classopollenites, etc. In
addition, there are some monosaccate coniferales, such
as Cerebropollenites, together with a few monocolpate
pollen grains of Ginkgocycadophytus nittidus.

The species Eucommidites troedsonii has been also
recorded from the Moraca assemblages, as a cha-
racteristic species of the young Mesozoic of the North
Hemisphere; Araucariacites australis is distributed in
the Upper Jurassic and Early Cretaceous in China, in
limited numbers, but it is a characteristic species
occurring in great abundance in the Middle Jurassic of
England, Sweden and some others countries in
Northwest Europe.

The Upper Jurassic (mostly Tithonian) in most of
the localities over the world contain dinoflagellates

(Gonyaulax, Pareodinia, Apteodinium, etc.; BERGER
1986; DAVEY 1982) and specific plankton remains
(Acritarcha and Incertae sedis). The spore-pollen
association of the Moraca contain a low amount of
marine microplankton. Late in the Tithonian, the
phytoplankton content was much lower than in the
Kimmeridgian, while spores and pollen grains of
terrestrial plants are higher. The dynocyst assemblage
reported the Upper Jurassic age of the investigated
samples. The species Gonyaulax jurassica and
Pareodinia ceratophora are scare in lowermost parts
of the Lower Cretaceous Unit. The depositional envi-
ronment is partially marked by the different plankton
forms (Dinoflagellates, Acritarchs and Palynofora-
minifers). The rare appearance of the low preserved
genus Sentusidinium most probable point to the Upper
Jurassic. On the whole the presence of the dynocyst
assemblage predominantly reports the Upper Jurassic
age of the investigated samples.

The microflora described from the ophiolite
mélange of the Moraca shows a remarkable analogies
with the palynological assemblage of the bauxite
deposits at Bio¢ki Stan (north of Niksicka Zupa),
which are located in the southern part of the Dinaric
Carbonate Platform of Montenegro. The mentioned
sedimentary rocks were formed during the Upper
Jurassic—Lowermost Cretaceous (mainly late Kimme-
ridgian; ERCEGOVAC et al. 1996). The assemblages
examinated near the Jurassic—Cretaceous boundary
from the Biocki Stan are characterized by the fol-
lowing: Gleicheniidites senonicus, Allisporites bila-
teralis, Vitreisporites pallidus, Cerebropollenites me-
sozoicus, Inaperturopollenites dubius, Araucariacites
australis, Perinopollenites elatoides, Classopollenites
torosus, Exesipollenites scabrosus, Podocarpidites cf.
ellipticus and Eucommidites troedssonii.

The present palynomorph assemblage of the
Moraca Region bears significant similarities to those
of England (the Sycarham Beds in Yorkshire; COUPER
1958; Norris 1969), Germany (Regensburg—Passau
area, Bavaria; LUND & EckE 1987), the Netherlands
(BURGER 1966; HERNGREEN et al. 1980), Normandy
(SARJEANT 1968), Sweden (TRALAU 1968), Russia
(Siberia; ILynAa 1986), Egypt (El Maghara, north-
central Sinai; ABOUL & ALy 1988), Algero-Tunisian
Sahara (REYRE 1973), North America (SARJEANT
1979), Canada (Pocock 1967, 1970) and India
(SRIVASTAVA 1966).

Some remarks about the palynological
criteria for the recognition of the
Jurassic—Cretaceous boundary in western
Europe

Many references were originally demonstrated that
significant palynologic differences exist between the
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major Jurassic—Cretaceous formations. NORRIS (1969,
1973), BATEN (1973), MORGAN (1980) for example,
recognized three principal microflora assemblages
close to the Jurassic—Cretaceous boundary, as follow:

The microflora of Lower—Middle Thithonian is
very restricted in composition containing only the
following species over and above the background
species: Cyathidites minor, C. australis, Coronatispo-
ra caldensis, Dyctiophydites equiexinus, D. harrisii,
Deltoidospora psilostoma, Osmundacidites wellma-
nii, Lycopodiumsporites austroclavatoides, Klukispo-
rites pseudoreticulatus, Rubinella major, Callialaspo-
rites dampieri, C. obrutus, Classopollis hammenii,
Abietinaepollenites minimus, Cycadopites sp., C. niti-
dus, Eucommidites minor, etc. Some of these species
were of restricted diversity as a consequence of the
offshore marine environment during the Late Jurassic.

The microflora of Upper Tithonian is characterized
by the incoming of Acanthotriletes varispinosus,
Cicatricosisporites purbeckensis, Plicatella abaca,
Deltoidospora rafaeli, Converrucosisporites sp., Lepdo-
lepidites psarosus, Couperisporites complexus, Parri-
saccites radiatus, Sphaeripollenites subgranulatus,
Cycadopites carpentieri, Schzosporites spriggii, etc.

The microflora of Berriasian — the following spe-
cies first appear: Concavisporites juriensis, Sterei-
sporites antiquasporites, Leptolepidites epacrornatus,
Baculatisporites comaumensis, Pilosisporites tricho-
papillosus, Pilosisporites delicatulus, Lycopodimspo-
rites cerniidites, Cicatricosisporites brevilaesuratus,
C. angicanalis, Tripartina sp., Foveosporites canna-
lis, Contignisporites dorsostriatus, Duplexisporites
problematicus, Appendicisporites potomacensis, Tri-
lobosporites bernissartensis, T. apiverrucatus, Denso-
isporites perinatus, Heliosporites sp., Aequtriradites
spinulosus, Januasporites tumulosus, Callialasporites
cf. trilobatus, Marattisporites scabratus, Monosul-
cites cf. minimus, Schizosporis reticulatus, Sch.
parvus, Sigmopollis callosus, etc.

Paleoecological reconstruction

The analysis of spores and pollen grains, also of
dinoflagellate remains, provides for the reconstruction
of land vegetation on the surrounding islands.

The younger Jurassic microflora from the Moraca
area is representative of a typical continental flora of
island archipelagos in the tropical regions of the
Tethys. From the palynological assemblage two main
types of land vegetation were distinguished on the
islands.

a. Wet coastal regions of islands with shallow water
formations were characterized with vegetation of do-
minant ferns (Klukisporites, Deltoidospora and Lyco-
podiacidites) and some seed ferns (Cycadophytes).

b. Prominent areas on the islands had more xero-
phyte flora which is evidenced by the abundance of

conifers (mostly pollen grains of Araucaria and Clas-
sopollis). Macrofloral remains of Bracyphyllum and
Pagiophyllum were not recorded. The presence of
Classopollis pollen indicates their xerophitic nature.
However, the presence of Classopollis pollen can be
related to both arid and humid climates of high littoral
areas. Its occurrence in Mesozoic rocks indicates a
warm climate (VAKHRAMEEV 1970). Similar climatic
conditions are suitable also for plants producing
pollen of Araucariacites and Callialapollenites types;
in many examples, they are found together in Jurassic
and Lower Cretaceous sedimentary rocks. The pre-
sence of the families Gleicheniaceae and Schizaceae
in the Uppermost Jurassic and Lower Cretaceous
indicates humid climate.

c. The depositional environment is also marked by
a sparse form of dinoflagellatae, acritarchs and pa-
lynoforaminifers. As has already been mentioned, the
occurrence of phytoplanktonic — algal remains is
associated with an aquatic environment, which
indicates a great influence of marine sedimentation
conditions during the formation of these sediments.

The palynological assemblage could be used for
consideration concerning the paleoclimate during the
sedimentation of the investigated sequences in the
Moraca area. Transitional tropical-subtropical clima-
tic belts during Upper Jurassic were concluded.

In the Upper Jurassic and Lowermost Cretaceous,
in the stil large Tethys, continental flora of the Tethy-
an phytogeographic realm existed on many archi-
pelagos situated between the south “Laurasian
Phytogeographic Realm* (“Indo-European relm®;
VAKHRAMEEV 1975) in the north and the north
,Gondvana Realm* (African continent) in the south
(BRENNER 1976). Continental floras on archipelagos
in the realm of the west Tethyan intraoceanic
carbonate platforms, at the time were much closer to
the African continent, during the Jurassic and Lower
Cretaceous (,,separate Tethyan phytogeographic
realm*; PANTIC et al. 1983).

Conclusion

Based on the first palynological investigation of the
Moracka Kapa ophiolite mélange (Montenegro), the
conclusions are as follows:

From the possible affinity of the palynomorphs, it
may be deduced that in the Upper Jurassic, the
Moraca area was not rich in floras, which include
Pteridophytes belonging to families such as Lyco-
podiaceae, Selaginellaceae, Osmundaceae, Dicksoni-
aceae, Cyatheaceae, etc. Among the Gymnosperms,
are those plants of Cycadaceae, Ginkgoaceae, Pi-
naceae, Podocarpaceae and Araucariaceae. From the
ecological environment of the parent plants, it was
inffered that this region at that time was under a warm
and humid subtropic to temperate climate.
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All these paleontological data contribute to an
elucidation of the characteristic late Jurassic vege-
tation from the Tethyan phytogeographic province.
The younger Jurassic microflora from Moraca area is
representative of a typical continental flora of island
archipelagos (near shore environment) in the sub-
tropical—tropical regions of the Tethys. The microflora
described is of special paleo- and phytogeographical
interest and shows remarkable analogies with me-
diterranean and south-alpine floras of the Tethys, but
differs from the north-pennine flora, which may b-
elong to the Laurasian floral realm.

Although the palynomorphs assemblage is not
complete, the biostratigraphical analysis of the con-
tained pteridophyte spores, conifer pollen and the
remains of the monadophytic algae Peridineae, allows
the conclusions that the mentioned unit was forming
during the Upper Jurassic (most probably the Kim-
meridgian). The presence of some taxons from the
Lowermost Cretaceous is not excluded. Taking into
account all the mentioned palynological data it was
concluded that the Upper Jurassic age of the Moracka
Kapa Unit coresponds to late phases of the Dinaride
Ophiolite Belt foramation.

The microflora of the obtained palynological
investigation on the Moracka Kapa ophiolite mélange
allows a new consideration in relation to Upper
Jurassic—Lowermost Cretaceous boundary.

The available data concerning the age of the
Moracka Kapa Unit are very important for a new
interpretation of palaeogeographic and geodynamic
events in this part of Tethys during the Upper Jurassic
(KARAMATA et al. 2010).

Acknowledgments

I wish to thank the reviewers POLINA PAVLISHINA (Sofia)
and PLATON TCHOUMATCHENCO (Sofia) for useful discus-
sions and comments that significantly improved the paper.

References

ABOUL ELA, N.M. & ALy, M.F. 1988. Jurassic microflora
from the coal deposits El Maghara, north-central Sinai,
Egypt. Neues Jahrbuch Geologie Paldontologie, Mo-
natheft, 5: 263-277.

BaALME, B.E. 1957. Spores and pollen grains from the
Meesozoic of Western Australia. C.S.I.R.O. Australian
Coal Research Section. T.C., 25, 48 pp.

BarTEN, D.J. 1973. Use of palynologic assemblage-types in
Wealden correlation. Paleontology, 16: 1-40.

BERGER, J.-P. 1986. Dinoflagellates of the Callovian-
Oxfordian boundary of the ,Liesberg-Dorf* quarry
(Berner Jura, Switzerland). Neues Jahrbuch Geologie
Paldontologie Abhandlungen, 172 (3): 331-355.

BURGER, D. 1966. Palynology of Uppermost Jurassic and

Lowermost Cretaceous strata in the easter Netherlands.
Leidse Geologische Mededlingen, 35: 209-276.

COUPER, R.A. 1958. Britisch Mesozoic microspores and
pollen grains. Palaeontographica Abt. B, 103 (4-6):
75-179.

Davey, R.J. 1982. Dinocyst stratigraphy of the latest
Jurassic to Early Cretaceous of the Haldager No. 1,
Denmark. Geological Survey Denmark, Ser. B, 6: 1-56.

ErRCEGOvVAC, M., JEREMIC, M. & RaADOICIC, R. 1996.
Stratigraphic column above bauxite at Biocki Stan,
Montenegro. Geoloski anali Balkanskoga poluostrva, 60
(2): 99-122.

FILATOFF, J. 1975. Jurassic palynology of the Perth Basin,
Western Australia. Palaeontographica, (B), 154 (1-4):
1-113.

HERNGREEN, G.F.W., HOEKEN-KLINKENBERG, PM.J. & VAN
DER BOER, K.F. 1980. Some remarks on selected
palynomorphs near the Jurassic-Cretaceous boundary in
the Netherland. IV, International Palynological Confe-
rence, 2: 357-367, Lucknow.

ILymNa, V.I. 1986. Subdivision and correlation on the ma-
rine and non-marine jurassic sediments in Siberia based
on palynological evidence. Review of Palaeobotany and
Palynology, 46: 357-364.

KALEzIC, M., MIRKOVIC, M. & SKULETIC, D. 1966. Basic
Geological Map 1:100000, sheet Savnik. Federal
Geological Survey of SFRJ, Belgrade.

KARAMATA, S., DIMITRUEVIC M.N., DIMITRUEVIC, M.D., ER-
CEGOVAC, M., KALEZIC M., MILOVANOVIC, D., MIRKOVIC,
M., Orunc J., PoPEvVIC, A., Pajovi¢c, M., RADUSINOVIC,
S., STOVIC, V., SUDAR, M., CVETKOVIC, V., SARIC, K. &
ZAHARIADZE, G. 2010. The Dinaride Ophiolithe Belt-
derived olistostome mélange at the northern slope of
Moracka Kapa (Montenegro): evidence of the emplace-
ment of the southeast Bosnian-Durmitor terrane. Bulletin
Tome CXL de I’Académie serbe des sciences et des arts,
Sciences naturelles No 46.

Lunp, JJ. & Eckg, H.-H. 1987. Dinoflagellate cyst
stratigraphy applied to the Middle to Late Jurassic of the
Regensburg-Passau area, Bavaria. Bulletin des Centres
de Recherches, Exploration-Production, Elf-Aquitaine,
12 (1): 345-359.

MORGAN, R. 1980. Palynostratigraphy of the Australian
Early and Middle Cretaceous. Memoits of the geological
Survey of New South Wales. Palaeontology, 18: 1-153.

NoRrIS, G. 1969. Miospores from the Purbeck Beds and
marine Upper Jurassic of southern England. Paleonto-
logy, 12 (4): 574-620.

NoRris, G. 1973. Palynologic criteria for recognition of the
Jurassic-Cretaceous boundary in Western Europe: In
“Palynology of Mesophyte*, Proceedings 3 Internati-
onal Palynological Conference Akademia Nauk SSSR,
Sibir, Otdel. Geologiceskij, Geofiziceskij Institut,
97-100.

PaNTIC, N. & BURGER, H. 1981. Palynologische Unter-
suchungen in der untersten Kreide des Ostlichen
Helevikums. Eclogae geologicae Helvetiae, 74 (3):
661-672.



44 MARKO ERCEGOVAC

PANTIC, N., GRUBIC, A. & SLADIC-TRIFUNOVIC, M. 1983. The
importance of mesozoic floras and faunas from intraoce-
anic carbonate platforms for interpretation of palacogeo-
graphic and geodynamic events in the Tethys. Bulletin Dela
Societa Paleontologia Italiana, 22 (1-2): 5-14.

Pocock, S.A.J. 1967. The Jurassic-Cretaceous boundary in
Northern Canada. Review Paleobotany and Palynology,
5:129-136, Amsterdam.

Pocock, S.A.J. 1970. Palynology of the Jurassic sediments
of Western Canada. Palaeontographica 130, B, 12-72.

Pocock, S.A.J. 1980. Palynology at the Jurassic-
Cretaceous boundary in North Amerika. IV, Interna-
tional Palynological Conference, 2: 377-385, Lucknow.

PoToNIE, R. 1956. Synopsis der Gattungen der sporae
dispersae, 1. Teil: Sporites. Beihefte Geologischen
Jahrbuch, 23, 103 pp.

PoToNIE, R. 1958. Synopsis der Gattungen der sporae
dispersae, II. Teil: Sporites. (Nachtrige), Saccites,
Aletes, Precolpates, Polyplicates, Monocolpates.
Beihefte Geologischen Jahrbuch, 31, 114 pp.

PotonIE, R. 1960. Synopsis der Gattungen der sporae
dispersae. III. Teil: Nachtrige Sporites, Fortsetzung
Pollenites mit general Register zu Teil 1 bis 3. Beihefte
Geologischen Jahrbuch, 39, 189 pp.

REYRE, Y. 1973. Palinologie du M¢ésozoique Saharien.
Meémoires du Muséum National d’Histoire Naturelle, C,
XXVII, 284 pp., Paris.

SARJEANT, W.A.S. 1962. Upper Jurassic microplankton
from Dorset, England. Micropaleontology, 8: 255-268.

SARJEANT, W.A.S. 1968. Microplankton from the Upper
Callovian and Lower Oxfordian of Normandy. Revie
Micropaléontologie, 10: 221-242.

SARJEANT, W.A.S. 1979. Middle and Upper Jurassic
dinoflagellate cysts: the world excluding North Amarica.
Proceedings AASP, seria 5, B, 133—157.

SMELROR, M. 1988. Bathonian to early oxfordian dinofla-
gellate cysts and acritarchs from Kong Karls Land,
Svalbard. Review of Palaeobotany and Palynology, 56:
275-304.

SRIVASTAVA, S.K. 1966. Jurassic microflora from Rajasthan,
India. Micropaleontology, 12: 87—103.

TRALAU, H. 1968. Botanical investigations into the Fossil
Flora of Eriksdal in Fyledalen, Scania, II., The Middle
Jurassic microflora. Sveriges Geologiska Undersékning,
C, 633, 62/4, 185 pp. Stockholm.

VAKHRAMEEV, V.A., BARKHANTNAJA, I.N., DOBRUTSKAIJA,
N.A., PavLov, V.V,, RoviNa, L.V. & Fokina, N.I. 1973.
Paleobotanical data and the Jurassic-Cretaceous boun-
dary. Mémoires Du B. R. G M. Coll. sur la limite
Jurassique-Cretace, Lyon, Neuchates.

VAKHRAMEEYV, V. 1975. Main features of global
phytogeography in the Jurassic and Early Cretaceous.
Paleontological Journal, 2, 247-255.

Pe3ume

Crapoct luHapuackor opuoJIuTCKOr
10jaca — MeJIaHK OJIMCTOCTPOME HA
cesepHoj nagunu Mopauke Kane (Llpna
T'opa)

Jemuanma Mopauka Kama Hamasu ce m3mel)y Meso-
30jckor JlammaTrHCKO- XepieroBavkor Tepana u Vcro-
yHo bocancko-Ilypmutopckor Tepana. OBaj ommcTO-
CTPOMCKH MeJIaH)X CacToju ce on (¢parMeHara H
OnmokoBa Kpeumaka, Iemrdapa, 0asainTa ¥ CepIeHTHHA
VKJIOIJBEHUX Y IVIMHOBUTO-JIAIIOPOBUTOM MAaTPHKCY.
OBa jeMHUIA je BeoMa CIIMYHA jYPCKOM OJTMCTOCTPOM-
CKoM Menanxy /[luHapuiackor oduonuTckor mojaca,
KOjH je paHHje o3Ha4daBaH Kao Jjada3-pokHadka Gop-
Manyja. OBa jeAMHMIA TPEACTaB/ba W30JOBAHH IEO
CyORyKIIMOHOT poBa Ha 3amafgHoj MapruHu JluHapun-
ckor odpuonutckor nojaca (KARAMATA et al. 2010)

AHanuza MUKPO(UIOPUCTUYKOI cacTaBa MHaJIMHO-
Mopda w3 oduoauTCKOr Menamka Mopauke Karre
M0Ka3aja je Ja JOMUHHUPA IPUCYCTBO CIOpPa METPUIO-
¢uTa Koje yrmaBHOM mpwmanajy damunmjama Lyco-
podiaceae, Selaginellaceae, Osmundaceae Dickso-
niaceae, Cytheaceae n npyre. lloneH ruMHOCIIEpMHI
nperexHo npunanga damunujama Cycadaceae, Gink-
goaceae, Pinaceae, Podocarpaceae n Araucariaceae.
Ha OCHOBY €KOJNIONmIKMX KapaKTepUCTUKA MaTHYHHX
Omsbaka, 3aKJbYUEHO je Ja je 0Baj MPOCTOp y Bpeme
CTBapama MOMEHYTHX AEMOHaTa OHO MOA YTHLAjeM
TOIUIE U BJIAYKHE CYOTPOIICKE IO yMEpEHe KIIMe.

[IpBH naNeoOHTONIOMIKK HajlacLU JONPHHOCE YIO-
3HaBaBby KapaKTePHCTUKa BETETallje IOpHke jype y
naneoreorpadckoj nmpopuHnUju Tetrca. Mmaha jyp-
cka Mukpodguiopa u3 Mopauke Kane npencrassea Tu-
NUYHY KOHTMHEHTAJIHY (JIOpY OCTPBCKHX apXHIIe-
nara (cpequHe O1m3y obane) y cyOTpOICKO-TPOIICKOT
peruona Teruca. Kapakrepuctuke oBe Mukpodiope
MIOKa3yjy Ja IOCTOje 3alaXeHEe CIUYHOCTH Ca MeAu-
TEPAaHCKUM H jyKHO-aJIMHUCKUM (iopama Ha IPOCTOpy
Teruca, anu ce pas3iiuKyjy OX CEBEPHO-IIEHUHCKHX
¢uopa, xoje mpumnanajy EBpoasujckoj GpropucTHyKoj
obmacru.

Hako koHCTaroBaHa NaJWMHOJOIIKA acOLUjalyja
HUje TOTIyHa OwocTparurpadcka aHajam3a cropa
nTepunodura, MojeHa YeTuHapa U 0cTaTaka MOHaJIO-
¢GUTHUX anry nepuauHea oMoryhasajy na ce 3aKkbyqu
Ja GpIOpPUCTUYKU cacTaB OBE acollWjaldje yKasyje aa
j€ MaTpukc O(UOIUTCKOI MEJIaH)Ka HAacTao 3a BpeMe
ropme jype, HajBepoBaTHHje Y KuMmepulry. Heku mpu-
CyTHH TaKCOHW ymyhyjy ma Ou €0 HCHTHBaHUX
JeToHaTa MOrao MNPHUNAAaTH U JeOBUMa HajHUKE
Kpene. Y CBakoM Ciy4ajy MpodaBarma MajarnHoMopda
13 O(HOIUTCKOT MeJlaHXa AONPUHOCE U NPelu3HU-
jeM yTBphuBamy rpaHuile u3Mely ropme jype u 10me
KpeJie Ha UCTPaKUBAHOM IPOCTOPY.

Hogwu nomamm o crapoctu jenuauiie Mopauka Kara
Cy BeOMa 3HauajHH 3a HOBE MHTEPIpETaLje Majeo-
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reorpad)CKUX W TE€ONWHAMHYKHX jgorahaja y OBOM
neny Teruca 3a Bpeme ropme jype (KARAMATA et al.
2010).

Acommjanja manmmaOMOpdu w3 Mopauke Karre
MOKa3yje 3HaTHEe CIIMYHOCTH ca OHMMa y EHrmieckoj
(Sycarham Beds, Yorkshire; COUPER 1958; NORRIS
1969), Hemaukoj (Regensburg-Passau, Bavaria; LUND

& Ecke 1987), Xomanmmuju (BURGER 1966; HERN-
GREEN et al. 1980), HopBemkoj (SARJEANT 1968),
[Benckoj (TRALAU 1968), Pycuju (Siberia; ILYNA
1986), Erunty (El Maghara, north-central Sinai;
ABOUL & ALy 1988), CepepHoj AMmepurit (SARJEANT
1979), Kanagu (Pocock 1967, 1970) u Wvmuju
(SRIVASTAVA 1966).
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PLATE 1

Cyathidites australis COUPER (sample 2347/5; 13-0/7).

Cyathidites minor COUPER (sample 2347/4; 17-6/08).

Cyathidites cf. mesozoicus (THIERGART) R. POTONIE (sample 2348/6; 46- 10/08).
Deltoidospora cf. mesozoica (THIERGART) SCHURMAN (sample 2348/5; 39-8/08).
Todisporites major COUPER (sample 2349/2; 3-8/08).

Osmundacidites wellmanii COUPER (sample 2349/2; 11-0/8).

Leptolepidites sp. (sample 2353/1; 49-8/08).

Lepdolepidites verrucatus COUPER (sample 2353/1; 11-6/08).

Neochomotriletes sp. (sample 2348/1; 53-6/08).

Ischyosporites sp. (sample 2348/3; 41-7/08 and 2348/6; 43-12/08).

Cyathidites cf. hausmanoides COUPER (sample 2347/5; 23-6/08).

Trilites cf. distalgranulatus COUPER (sample 2348/2; 15-7/08).

Trilites cf. verrucatus COUPER (sample 2348/1; 35-6/08).

Gleicheniidites cf. senonicus ROSS (sample 2348/1; 31-6/08).

Staplinisporites cf. pocookii COUPER (sample 2348/4; 55-7/08).
Cingulastisporites cf. rigidus COUPER (sample 2348/6; 50-10/08 ).
Apiculatisporites cf. parvispinosus (LESCHIK) E. SCHULZ (sample 2348/1; 3-7/08).
Neoraistrickia cf. taylorii PLAYFORD ET DETTMANN (sample 2348/1; 1-7/08).
Lycopodiumsporites cf. gristhorpensis COUPER (sample 2348/2; 35-7/08).
Lycopodiumsporites clavatoides COUPER (sample 2348/1; 45-6/08).
Acanthotriletes cf. varrispinosus Pocock (sample 2348/4; 59-7/08).
Biretisporites potoniaei DELCOURT ET SPRUMONT (sample 2348/2; 23-12/08).
Osmundacidites parvus DE JERSEY (sample 2348/6; 54-10/08).

Cingutriletes sp.; Pagiophyllum cf. connivens KENDALL (sample 2348/6; 37-6/08).
Ischyosporites cf. variegatus COUPER (sample 2348/5; 47-8/08).
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PLATE 2

Alisporites sp. (sample 2347/7; 85-6/08).

Abietinaepollenites microalatus R. POTONIE (sample 2347/2; 5-6/08).
Podocarpidites sp. (sample 2348/1; 27-6/08).

Podocarpidites cf. biformis ROUSE (sample 2348/1; 55-6/08).

Callialasporites dampieri (BALME) SUKH DEV (sample 2348/2: 39-7/08).
Callialasporites cf. trilobatus (BALME) DEV (sample 2347/10; 58-10/08).
Vitreisporites cf. pallidus (REISSINGER) NILSSON (sample 2348/2; 9-7/08).
Araucariacites australis COOKSON (sample 2347/10; 56-10/08).
Araucariacites sp. (sample 2347/4; 15-6/08).

Classopollenites cf. classoides (PFLUG) PoCcoCK & JANSONIUS (sample 2347/1; 3-6/08).
? Sequoiapollenites sp. (sample 2348/1; 39-6/08).

Perinopollenites cf. elatoides COUPER (sample 2348/2; 25-7/08).
Sphaeripollenites subgranulatus COUPER (sample 2348/1; 51, 61-6/08).
Eucommidites cf. troedssonii ERDTMAN (sample 2348/6; 66-10/08).
Eucommidites sp. (sample 2352/2; 55- 8/08).

Quadraeculina cf. limbata POCOOK (sample 2347/3; 9-6/08).

Monosulcites carpentieri DELCOURT & SPRUMONT (sample 2348/6; 64-10/08).
Ginkgocycadophytus cf. nitidus (BALME) DE JERSEY (sample 2348/1; 85-7/08).
Cycadopites cf. follicularis WILSON & WEBSTER (sample 2347/7; 19-6/08).
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PLATE 3

?Steevesipollenites sp. (?Bennettitales) (sample 2348/6; 37-10/08).
Pareodinia ceratophora var. pachyceras SARJEANT (sample 2349/1; 1-8/08).
Apteodinium sp. (sample 2348/4; 47-7/08).

Pareodinia cf. arctica WIGGINS (sample 3248/4; 45-7/08).

Wallodinium cf. cilindricum (HaBIB) DUXBURY (sample 2348/1; 29-6/08).
Acritarcha gen et sp. indet. (sample 2348/6; 48-10/08).

?Epiplosphaera sp. (sample 2348/4; 57-7/08).

Leptodinium ct. eumorphum COOKSON & EISENACK (sample 2348/1; 49-6/08).
?Nanoceratopsis cf. pellucida (DEFLANDRE) EVIT (sample 2348/1; 63-6/08).
?Indodinium sp. (sample 2347/1; 21-6/08).

Lagenamina sp. (Palynoforaminiferae) (sample 234875; 45-6/08).
?Membranolimbus sp. (sample 2348/3; 45-7/08).

Penetetrapites cf. mollis HEDLUND & NORRIS (sample 2348/6; 50-10/08).
?Pareodinia cf. imbatodinensis (VOZHENNIKOVA) LENTIN & WILLIAMS (sample 2348/2; 29-7/08).
Tasmanites cf. tardus EISENACK (sample 2346/6; 48-10/08).
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