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Triassic paleogeography and Cimmerian orogeny
in SE Bulgaria and on the adjacent territories

Petar M. Gochev
Geological Institute, Bulgarian Academy of Sciences, Sofia

Paleogeography of the Triassic basins in the north margin of Paleotethys with Mesoeurope is
analysed. The Strandzhides structure in SE Bulgaria and in Turkey and the evolution of the Cimme-
rian-Austrian collision orogen lying between the Moesian shelf and the Cimmerian continent of West
Anatolian are presented.

Keywords: Variscian peneplain, Triassic, Balkanides, Strandzhides, Paleotethys, tectofacies, thrusts

Introduction

The Alpine tectonic units of SE Bulgaria and European Turkey - the Strandzhi-
des orogen (Gochev 1986) and the deep Tertiary depression of Ergene (Lower
Thrace) at its back - in many respects are similar to the recent ensemble of the
southernmost part of the West Carpathian (Slovakia and Hungary) - namely the
nappes of: Meliata, Silice, Bodva, Torna, Bikk, etc., and the Pannonian depression
that starts at their back.

With respect to the stuctural history the Strandzhides in the SE part of the
Balkan Peninsula are parts of the innermost zones of the Alpide branch (Alpian-
Carpathian-Balkan collisional orogenic belt), polyphase collage associated in the
form of several nappes systems, formed during the Cimmerian or Austrian tecto-
genesis towards the deformed southern margin of Eurasia (the Mesoeuropean
continent), and overlapped during the Young Alpine stage (Subhercynian and
Pyrenean phases) by a collisional (Upper Cretaceous-Paleogene) or postcollisional
(Neogene) neoautochthone - the latter more or less belonging to the last Medi-
terranean stage of the western part of the Alpine-Himalayan intercontinental
orogenic fold belt (Gochev 1991).

The orogenic segment of the Strandzhides in SE Bulgaria, Greece, and Turkey
- the Paleoalpides (Gochev 1991/a) are a strongly shortened suture zone between
the European and African development (Fig. 1). They consist of ultrametamorphic
Variscian "basement” (Ksiazkiewicz 1930) and of regionally metamorphized (schis-
tes lustres, etc.), during the Mesocretaceous tectogenesis, Mesozoic continental
and oceanic complexes (Dimitrov 1958, Chatalov 1988). They are partially over-
lapped by a second disharmonious orogenic stage - the Mesoalpides, presented
by a non-metamorphized neoautochthone. In the Alps and the Carpathians they
are presented by the pre-Gosau and Gosau development and in the Strandzhides
by the Subhercynian-Laramian island-arc orogenic development of the Balkan
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Fig. 1. Structural assemblage of the tectotope of European, Paleotethysian and African development in the Balkan-Aegean Region (after
Gochev, 1991/ b): 1. amphibolites, metagabbros, metadunltes, serpentinites, etc.; 2. gneisses and schists; 3. marbles; 4. Variscan
molasses - detrltal (a) and intraorogenlc (b); 5. detrital-evaporite type of Permian (Verucano, Zechstein, etc.); 6. epicontinental
type of Triassic (Buntsandstein, Werfen, sandstone and conglomerate of North Chios, etc.); 7. marly limestone, etc.; 8. massive
limestones and dolomites; 9. black shales and marly limestones; 10. Rhaetian and calcareous breccia (breches de flanc, etc); 11.
metamorphosed molasses (Klocotniza complex, etc); 12. Jurassic black shales, quartzites, etc. (Etropole and Zvezdez Formati-
ons); 13. detrital-calcareous Lower Jurassic (Gresten, Hlerlatz, and Adnet type); 14. Triassic and Jurassic metavolcanites; 15.
continental rift volcanites (basic, etc.); 16. Triassic intrusives (granitic, etc.); 17. Neogene basalts (Aegean island-arc orogen); 18.
transgressive limit
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Peninsula, including the so-called Sredna Gora volcanogenic-sedimentary mar-
ginal basin and the Rhodope-Strandzha archipelago and Vardar-Pontide Trench
(Gochevl988).

The Hercynian orogen of the Balkans had a very clearly expressed complete
geotectonic development (Haydoutov 1989). It was an intercontinental collision
orogen situated in the margin beween Gondwana and Laurasia. At the end of
Permian a large part of this orogen was already a peneplain, destroyed and covered
by the Tethys waters of the southern margin of Eurasia (Gochev 1976) - the Me-
soeurope and the North Tethys, the Paleotethys "ocean" (Sengor et al. 1980) or by
the Apulian carbonate platform in the Aegean region (Afro-Arabia), which were
formed as early as Carboniferous (Brunn 1967).

On the territory of Bulgaria the denudated Variscan orogen presented both by
different paleogeographic environment - the deformed margin of the Russian
platform and by the Berkovitsa island-arc association (Cambrian) including the
Balkan Mountains ophiolites, etc. (Precambrian). A the latest studies have shown
they are tightly pressed "one over the other" by a staged allochthone (Thracian
suture ), whose uppermost elements consists of old orogenic crystalline rocks -
Thracian continental fragment. The so-called Thracian-Hercynian suture
(Haydoutov 1989) nowadays can be traced in Bulgaria in a number of places under
the Cimmerian-Austrian Alpine orogen (W. Bulgaria).

Early Triassic paleogeography

At the beginning of Triassic almost on the whole territory of Bulgaria was
formed the southern margin of continental Mesoeurope (Gochev 1976). It was
flooded by the waters of the European continental basin (Germanic basin), while
its slope area in Thrace - by the waters of the so-called North Tethys. The general
paleogeographic environment of the Balkans at that time, however, was rather
differentiated and complex (Fig. 2). The Moesian periplatform carbonate "wedge"
(Gochev 1972) lay in the extreme north. It was a fragment torn off from Meso-
europe by the Cimmerian suture zone of the Tulchides, respectively from the
Scythian platform. The Moesian "wedge", besides Moesia (the Danube valley) also
comprises a large part of the Fore-Balkan and the West Balkan Mountains (Fig. 3).
Its north part is characterized by the Moesian group of Triassic rocks, where the
evaporatives are numerous. South of the Moesian group follow elements of the
differentiated continental slope zone of the North Tethys where the isopic Euro-
pean groups of the "Balkanidé" and "Sub-Balkanide" Triassic, as well as groups
lying further to the south of them - the Sakar, Dervent, Istanbul, Vardar and other
region successions of Triassic - were successively separated from the north to the
south (Fig. 4). The southernmost element of the latter is the Perieuropean island-
arc system Karakaya (Fig. 5) which has formed an active contact with the frontal
"plate” of the Apulian platform (Gochev 1991), obviously separating the North
Tethys from the South Tethys - the so-called "Cimmerian microcontinent Sakarya"
(Sengor et al. 1984). Probably the different Triassic-Jurassic flysch troughs of Ko-
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6 P.M. Gochev

Fig.2. Triassic Paleo-Tethys palinspastic model: 1. Continental postvariscan plates; 2. Apu-
lian neritic Peritethys; 3. Dalmatian shelf; 4. Flysch trench in North Tethys (a) and in
South Tethys (b); 5. Inner carbonate platform of the High Karst-Gavrovo and Tripolitza;
6. shelf zone of the North and South Tethys (North Alpine-Carpathian-Balkan-Dervent
and Dinaro-Tauricum); 7. Inner carbonate platform of Sakar; 8. Perleuropean volcanic
island-arc - Karakaya; 9. Oceanic and accretional troughs of the Paleotethys; 10. Pe-
lagonian-Menderes Cimmerian continent (*'Sakarya')

tel-Nalbant (without volcanism) and of Makri-Melisohori (with volcanism?), etc.,
should be regarded as regional elements formed in several back-arc troughs of
the Old Cimmerian embryonic island-arc orogenic system Karakaya (NW Anato-
lia). At present the place of the Perieuropean as well as of the back-arc carbonate
Triassic platforms of Sakar Mountain in Bulgaria and of the so-called "Paikon zone"
(Mercier 1966) in the southern part of the Vardar zone, etc., is still debatable,
notwithstanding that some authors consider both to be fragments of the large
"Cimmerian microcontinent Sakarya" (Seng0r et al. 1984, Fig. 2). The Triassic car-
bonate platform of Sakar Mountain is an element of the North Thethys and it
probably lay between the basin of the so-called "Sub-Balkanide" (Intrabalkanide)
Triassic in the north and the basins of the "Istanbul", "Dervent"”, and "Serbian-Ma-
cedonian” (the band Deve-Koran in North Greece) Triassic in the south which are

Acta Geologica Hungarka
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Fig. 3. Palinspastic section across the North Tethys (after Gochev, 1991 b): 1. Varlscan pre-
molasse complex (Cambrlan-Devonlan); 2. Variscan granitoids; 3. Variscan molasses
(Carboniferous-Permlan); 4. Variscan carbonate platform (a), carbonate platform of the
North Tethys in Middle-Upper Triassic (b); 5. Variscan basement of the Apulian platform
and Karakaya trough; 6. Lower Triassic of Mesoeurope - Bundsandstein; 7. Lower
Triassic of the North Tethys (Verten, etc.); 8. Island-arc Karakaya (Lower Triassic); 9.
Paleo-Tethys oceanic crust; 10. Moesian and Apulian continental platform (Carbonife-
rous-Trlassic); 11. suture zone; 12.transgressive limit

Fig. 4. Cimmerian-Austrian European margin and orogenic collage
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SOUTH TETHYS NORTH TETHYS DOBRUDJA

Fig. 5. North Tethys Old Cimmerian - Mesocimmerian collisional block-orogen (after Gochev,
1990 b): 1. Variscan platform basement; 2. Cimmerian continental platform - Sakarya;
3. volcanic island-arc complex of Karakaya; 4. rift volcanite (a) and plutonite (b) of Tri-
assic age; 5. Old Cimmerian - Mesoclmmerian fold mirror; 6. Old Cimmerian troughs with
complexes of type Keuper, etc. (Koslodui complex); 7. synorogenic plutonite (Old Cim-
merian and Mesocimmerian) - granites, aplites and other; 8. (Mesoeuropean platform
(Scythia); 9. volcanoes; 10. faults and obduction zone

generally similar, together with the Triassic sequences in the North Alps, the In-
ternal Carpathians and West Serbia. At the same time the "Paikon zone" in North
Greece is probably a lateral fragment of the "Sakariya microcontinent” (Sengor et
al. 1984), whereas the new string deforming the carbonate Triassic platform of
West Serbia (Goliya) and South Hungary (Villany-Mecsek) most probably was
extended to the south in the real "Pelagone zone™" of Macedonia and North Greece
and then in Thessalia, Cyclades and Menderes, south of the Iznir-Aukara-Ezzin-
can suture (Okay 1989). It is this zone that should be considered to be at the recent
main tectonic relic of the Early Alpine "Sakarya Microcontinent” (Fig. 1). South of
it lies the ocean basin of the South Tethys obviously not comprising the area of
the so-called "Tavrian thrusts" (Antalia, etc,) and the deep-water Triassic of Crete,
Budva and South Italy, north from the Apulian margin.

The Moesian periplatform carbonate wedge started destroying in the Middle
and Upper Triassic. Probably as a result of the active bilateral collision (Isker and
Old Cimmerian phases) of the area of the North Tethys (Fig. 5). In the larger part
of the Moesian platform a continental rift system was formed - the South Moesian
rift (Gochev 1991), which is characterized by a specific set of sediments (Kozlodui
Formation?) and by widely spread events of basal and acid volcanism (Gochev
1976, Fig. 4; Sandulescu et al. 1984).

A large embryonic "block-orogen™ (Gochev 1972) was formed at the end of
Triassic as a result of the general compensation of the whole area of the North
Thethys, between Sakarya and the Scythian platform in the eastern part of the
Balkan Peninsula and in NW Anatolia (Fig. 6/a). This orogen, emerging in the relief

Acta Geologica Hungarica
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and being defined at the beginning of Jurassic (Mesocimmerian time) as a wide
archipelago chain of mountains, was almost of an autochtonous structure and was
a vast megaanticlinorium by nature (Fig. 6/b) with sporadic demonstrations and
mainly of acid magmatism (Marble Sea, Kiranlar, etc.). Elements of this Old Cim-
merian earliest orogen of the Alpides can be established today almost in the whole
area from Tulcha (Romania) to NW Anatolia.

Cimmerian orogen in SE Bulgaria and the Aegean area

The Cimmerian orogen of SE Bulgaria is thrusted over the strongly deformed
active Paleoalpine margin of Mesoeurope-the Balkanides. It is included in the
Cimmerian-Austrian tectonic system of the Strandzhides (Gochev 1985) in the
form of several basal charriages (Fig. 3). The tectonic evolution of the collage
orogen of the Strandzhides starts from the Lower Triassic with the deformation
of the Moesian margin and the formation of the island-arc system Karakaya (Fig.
4) and with the successive metamorphism of the Karakaya formation (Bingdl 1976).
It continues further on during Young Cimmerian and Austrian to end as a two-
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Fig. 6. a) Cimmerian embryonic block-orogen (after Gochev, 1990 b); b) Cimmerian Orogen
relief inthe Balkan realm after the level of Jurassic transgression. 1. Old Cimmerian fold
mirror; 2. rift volcanites; 3. faults; 4. age of transgression
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10 P.M. Gochev

stage (Paleo-Alpine) orogen prior Upper Cretaceous, when over it the Morava-
Rhodope-Strandzha island-arc started building. A back-arc riftbasin of the latter
isthe Sredna Gora, system in Bulgaria while a fore-arc trench is the Vardar-North-
Aegean one (Gochev 1991).

The charriage tectonics of Strandzha and Sakar was first advanced by Ksiazki-
ewicz (1930) as a superposed allochthone consisting of 4 Variscian thrusts, the
highest of which is the Sakar one.

Later Tollman (1965) motivated Strandzha and Sakar Mountain as an Austrian
tectonic window (type "Parning") in the northern branch of the Alpides. North of
it lies the East Balkan charriage (Kotel zone?) while south of it lies the Istanbul
thrust comprising Paleozoic and Triassic of Bosporus (Fig. 4).

The region considered was first motivated by Gochev (1979) as an Early Alpine
orogenic complex or Strandzhides consisting of several superposed nappes of
clearly expressed northern vergency. Three main charriage units were first defined
- the Sakar, Dervent, and Strandzha nappes (Fig. 7). Later External and Internal
or Southern Strandzhides were distinguished (Gochev 1986) - the first ones prob-
ably being a lateral correlate of Moravicum and the Serbian-Macedonian Massif,
while the second ones - an exotic element (collage) of the "Karakaya orogen™ and
the Vardar zone (s. 1).

Pz, - Pz2?
INNER BALKA NI DES

Fig. 7. Tectonic superposition model of the Strandzhides in the SE Thrace

Acta Geologica Hungarica
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Shortly after that also the "model of the Strandzha-Cimmerrides™ (Chatalov 1980)
was created. This model was first constructed of an autochthone and an allochthone,
which lately was developed by Chatalov (1988) and by Dabovski et al. (1989). Nowa-
days the model is a three-component one from the bottom upwards: Moesian al-
lochthone (Balkanides) and lower and upper allochthone (or Zabemovo thrust) en-
tirely built of the so-called "Strandzha type" of Triassic (Chatalov 1980).

On the other hand a three-stage thrust "sandwich™ of the Strandzhides has been
also proposed by Sengor et al. (1981, 1984). It is constructed of three allochtonous
plates lying north-vergently over the Moesian shelf, the lowermost being the "Kiire
nappe" (Pontides) which also comprises the oceanic lithosphere of Paleotethys. This
thrust is considered by Sengdr et al. (1984) to be outcropping also under the "Kirklareli
nappe" in NE Strandzha, and the Zybemovo thrust (Chatalov 1988) corresponds to
this thrust. The uppermost thrust in the system is the "Istanbul nappe" which is
considered to be lying over the Karklareli nappe near Chataldzha.

Recently the author carried out new structural studies on the territory of Sakar
and Dervent and partly in Strandzha (Gochev 1991).

As a result it has been established that in the Strandzhides, thrusted over elements
of the Internal Balkanides (Moesian shelf and active margin) the allochthone comp-
rises not three but six nappes (Fig. 7.), not counting the Istanbul thrust (Sengor et al.
1984). Five of these thrusts belong to Cimmerian-Austrian age while the Zabemovo
thrust (or the "Strandzha thrust™ according to other authors) is considerably younger
and appeared at its location in NE Strandzha during Sub-Hercynian (Fig. 8).

The Paleo-Alpine allochthone is built of highly crystalline rocks - Prepaleozoic
and Paleozoic (?), where Hercynian magmatites (the so-called "South Bulgarian gra-
nites”) metamorphic and strongly deformed deep-water Paleozoic rocks (Silurian-
Lower Devonian ) Latcheva et al. 1988), "Sakar" and "Dervent" metamorphic Triassic
rocks, and metamorphic Lower and Middle Jurassic (in different tectofacies) rocks
were intruded (Fig. 9). There are data available on magmatic activity (granitoids, ap-
htes, etc.) during Triassic (Sakar) or Lower Jurassic (Istanbul, NW Anatolia, etc.).

Obviously allochthonous plates, genetically belonging to "the Sakarya micro-
continent” cannot be found in SE Bulgaria (the Strandzhides). The Sakar carbonate
Triassic platform as well as Dervent thrusts visibly belong to the southern de-
formed margin of Eurasia and the North Tethys (Fig. 3). The Istanbul nappe of the
Bosporus Region (Tollman 1965) is superposed over them. The island-arc associ-
ation of the deep-water Triassic rocks constructing the Zabemovo thrust visibly
comes from even more southern regions - NW Anatolia and "Karakaya orogen"
(Gochev 1985).

Being the deepest one the Sakar allochthone (comprising the Sakar nappes and
several rabotage plates) is also the strongest metamorphized one (up to an am-
phibolitic facies inclusive the Triassic rocks). It is also affected by retrometamorph-
ism. In the other Dervent and Strandzha thrusts the metamorphism is within the
limits of metamorphism of schists lustres and antimetamorphism. The degree of
the Triassic sequence in the Subhercynian Zabemovo thrust (Strandzha nappes)
increases again (Chatalov 1988).

Acta Geologica Hurtgarica



Fig. 8. Sakar, Dervent and Strandzha nappe systems in SE Bulgaria and Turkey (after Gochev, 1990 a ). In black the metamorphic Paleo-
zoic complexes in Dervent nappe system
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Fig. 9. Schematic Sakar- and Dervent- sequences of the allochthones (after Gochev, 1990 a): a. Drenak klippé (Monastir nappe); b.
Orlovdol (Kavrakovo) klippé; c. Sakar nappe; d. Dervent Heights (Strandzha and South Dervent nappes); 1. high crystalline; a.
gneisses and mica schists, b. migmatites; 2. schistous, porphiric and aplitoidal granitoids (South Bulgarian granites); 3. Klokotnitsa
and Chernogorovo Formation, etc. (Young Paleozoic?); 4. metaquartzites (Old Paleozoic?); 5. complex of the green iron-chloritic
schists with metasandstones and metaconglomerates (Ordovician?), complex of black phillites and quartzites (Ordovician-Siluri-
an?) and a complex of gray-greenish and gray graywackes, green and grey phillites and calc-schists and marbles (Silurian-Devo-
nian?); 6. gray-blackish shale-schists and phillites; 7. metaconglomerates, arkoses, calc-schists; 8. calc-schists, sandstones and
marblized limestones, etc.; 9. marbles and marblized limestones and limestone breccia; 10 shale-schists and calc-schists; 11.
metamorphosed dolomites; 12. marblized limestones; with chert; 13. gray-dove coloured limestones; 14. quartzites and phillites;
15. dark argillites and argillaceous limestones; 16. tectonic breccia; 17. dykes of microdiorites, diorite-porphyrites, etc. (Upper
Cretaceous?); 18, quartz veins; 19. flysch rhythms (according to AH. Bouma); 20. flora and fauna established up to now: a
bivalves, etc., b. conodonts, c. palynomorphs, d. ammonites; 21 transgressive and wash-out boundary; 22. thrust boundary
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Triassic carbonate platform of the Drina-lvanjica
element (Dinarides)

Mara N. Dimitrijevic Milorad D. Dimitrijevic
Serbian Academy of Sciences and Arts, Geological Research Group, Beograd

The Drina-lvanjica element (NE part of the Dinarides) has been covered with Triassic deposits.
After the Lower Triassic, when shallow water elastics and the Bioturbate Formation were deposited,
beginning of evolution of carbonate platform is marked by the Ravni Formation. Follows the Bulog
Limestone, here presented as product of very shallow sea, synchronous with rifting from the Europe
(present S France) and typical platform facies - Wetterstein and Dachstein, llidza F and Lofer. Deposits
of the SW platform flank represents the Grivska F In the Upper Jurassic platform deposits slid toward
SW into the Ophiolitic Melange and over it, forming large olistoplake.

Keywords: Triassic, Dinarides, carbonate platform

Introduction

Triassic platform carbonates overlie the south-western border of the Drina-
Ivanjica Paleozoic, as the north-eastern part of the Dinarides, as well as parts of
the Ophiolitic Belt. These were originally deposited over the Paleozoic base, but
during the Upper Jurassic closing of the subduction trough they slumped into it
in form of huge olistoplake, olistoliths and blocks. Original relationship have
been thus highly obliterated and only some formations can be observed as a whole
in some olistoplake.

This paper deals with the part of the Triassic platform, situated at the Zlatibor
Mt, south of Titovo Uzice. Correlation with Northern and Southern Calcareous
Alps pointed to such similarities, that names from classical localities have been
employed for some of formations observed here. Where correlation was not suf-
ficiently clear, or where the differences in description of the same Alpine formation
lead to ambiguities, local names for formations have been established.

Triassic succession of Zlatibor consists of the following formations:

Pre-platform units

Kladnica Clashes
Seis Clashes
(Sirogojno Formation)
Bioturbate Formation
Platform units
Ravni Formation with three members - Utrina Micrite, Dedovici Biosparite
and Lucici Onkosparite
Bulog Limestone
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Fig. 1. General distribution of Paleozoic (Pz), Triassic (T), Jurrasic Ophiolitic Melange (OM),
ultramatics (Se), Cretaceous (Cr) and Neogene rocks. Asterisks show sections mention-
ed intext: I- Ilidia, VK - Veliki Kra, K- Klisura quarry, LK Lucica Kra. Insert shows
subdivision of the Dinarides: Al - Adriatlc-lonian, B - Budva-Cukali, DH - Dalmatian-
Herzegovinian, Ss - Sarajevo Sigmoid, LD - Likara-Dinara, EBD - East Bosnian-Durmi-
tor, Om - Ophiolite Melange Belt, DIE - Drina Ivanjica element (D - Devetak nappes),
and associated areas (A - Alps, JA-SF - Julian Alps and Sava Folds, VZ - Vardar Zone,
SMM - Serbo-Macedonian, P - Pelagonian (Hellenides), after M.D. Dimitrijevic, 1974.
Square shows the area described

Wetterstein Formation with the Klisura Member
Dachstein Formation with Reef complex, Ilidia Formation and Lofer Forma-
tion.
Flank of the platform
Grivska Formation

Kladnica Clastics

These strata have been named after a locality some 25 km south of Arilje. They
are preserved in a limited area, transgressive over the Paleozoic, being elsewhere
tectonically reduced during the gravity transport into the Ophiolite Trough.
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Zlatibor

Seis Clastics

Rocks of this unit are only partly preserved, due to tectonic reduction. These
are composed of medium-grained greywackes with an only weakly expressed
stratification, a few meters thick horizons of conglomerates, sandstones with dm-
sets of cross-laminae (type Pi), centimetric alternation of fine- and medium-grained
subgreywackes with thin sets of horizontal, cross and wavy lamination and an
alternation of sandstones and siltstones. Maximum measured thickness amount
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to 177 m. According to previous investigations (Mojsilovic et al., 1978) the for-
mation bears also limestones in the upper parts.

Sirogojno Formation

These strata build a specific olistoplaka with completely unknown original po-
sition. This is a volcanic-sedimentary formation, composed of pink tuffose sand-
stone, with interlayers of fine-grained and lapillitic tuffs, volcanic breccia, andesite
flows and coarse-grained quartz sandstone. Maximum measured thickness is 337
m. The age is questionable, the formation bearing no fossils - it has been regarded
as Lower Triassic, the floor and the roof being made of the Bioturbate Formation.
Both contacts are clearly tectonic (décollement surfaces). The formation appears
over only some 40 km2and in the whole Triassic succession over the Drina-lvanjica
Paleozoic there are no volcanics; these are characteristics of the SW border of the
Ophiolite Belt.

Bioturbate Formation

This formation has been named (Dimitrijevic M.N. et al., 1980) after its most
striking characteristic predominance of filled traces of unknown moving orga-
nisms named Rhizocoralliutn (Miller, 1962). This formation corresponds to the
lowermost parts of the Alpine Muschelkalk (Flugel 1962; Kubanek 1969; Sarntheim
1965). Kubanek described "Wurstelkalkbanke" as laminated dolomites, dolomic-
rites, dolosparites, marly limestone rich in bioturbations, micrites, pelmicrites and
arenitic micrites. Sarntheim (1965) described a rhythmic alternation of "Wurstel-
kalkbanke™ and layers of grey calcarenites built of pseudooids and biodetritus
with a strong dolomitization in places. The age is in Alps ascribed to Hidasp. In
Flungary these "wermicular limestones" have been described in several papers (for
references see Kovacs et al. 1989, and other papers).

In the Zlatibor area these deposits have been described as "recrystallized limes-
tones with Campilian fauna" by several authors (Mojsilovic et al. Brkovic et al.
1978). Only Rampnoux (1974) mentioned bioturbations as their important charac-
teristic.

Typical sections of this formation occur along several roads around Sirogojno
(Rozanstvo-Sirogojno, Sirogojno-Ljubanje) and in the Detinja river near Titovo
Uzice. In the Sirogojno region the floor toward the Sirogojno Formation is marked
by a décollement plane. In the Stapari locality (west of Titovo Uzice) the formation
develops gradually from Seis Clashes, beginning with 35 m of laminated sandy
micrite with bioturbations. These are overlain by massive dark grey recrystallized
micrite, sandy in places, with bioturbations in various degrees. The thickness of
the unit amounts there up to 60 m, with possible ambiguities due to intraforma-
tional sliding. The roof represents the Utrina Micrite. Along the road Sirogojno-
Rozanstvo the floor is not open, and the measured thickness of the formation is
76 m up to Utrina Micrite as the roof. There, as well as in numerous other séchons,
in the upper part of the formahon occur metric horizons of limestone, Utrine
Micrite type.
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The best section of the formation crops out along the road Sirogojno-Dedoviéi.
Its lower contact is tectonic (décollement) and the thickness is over 190 m. The
lowermost part shows 7 m of light grey to reddish intrasparite with signs of
rhythmical subaerial exposure (plasticlasts, oxidation of upper parts of beds, rare
desiccation cracks). Follow 63 m of alternation of dolomite (primary in places),
oolite, and very subordinate micrite, with secondary dolomitization expressed in
various degrees. In the middle part of the unit there are thin sabkha horizons,
with partly transported clasts of dolomite in a red cement. Follow 67 m of charac-
teristic limestones with varied share of bioturbations, bearing several horizons of
Utrina Micrite type. The section ends with some 50 m of typical bioturbate lime-
stone of Utrina Micrite type.

Main microfacies of the formation are WS, ooide bioclastic GS, and dolomite.

WS (micrites) with bioturbations are the most frequent, giving the most con-
spicuous characteristic to the formation. These are greyish, well-bedded lime-
stones (beds 5-25 cm thick), laminated in places with a nodular appearance
due to horizontal bioturbations; when weathered, they look thus as calciru-
dites. "Rhysocorallium” channels are filled with sediment of the same com-
position as the groundmass of richer in sand, darker in color. The size of chan-
nels varies (length from 2 to more than visible 20 cm; width 2-20 mm), fre-
quently rhythmically in layers. Channels are often coated with an argillaceo-
us-ferruginous film, or bounded by stilolitic sutures of small amplitude. The
groundmass is of carbonate mud, in places argillaceous or sandy, with frequent
lenses of argillaceous-ferruginous matter. Organic detritus is represented by
rare fragments of crinoids, pelecipods and gastropods. Rather frequent are
ostracods and Campilian forams (determined by S. Pantic-Prodanovic). This
MF corresponds to a shallow carbonate subtidal of low energy up to watt, with
a very slow deposition and sufficiently oxygenated. It is conspicuous that the
same type of rocks occurs over the whole area.

Oobiosparites (ooide bioclastic GS) form a metric body of dark grey, poorly bedded
to massive oolite inside WS with bioturbations, with lenses and irregular concent-
rations of large ooids, in places forming channels. The rock is built up of ooids,
different in size, and coated grains (mostly algal bioclasts), in places densely pack-
ed and well sorted. Cement is sparite to microsparite.

These deposits are found over avery small area, pointing to a dekametric width;
length is not known. They are explained as tidal delta, where tidal streams trans-
ported intertidal ooids and bioclasts, with a rapid deposition

Dolomite, dolomitized micrite (WS) and bioclastic oobiosparite (GS) are greyish-pink
massive rocks, in places with a discontinuous lamination. Dolomite is often spotty
and breccia-like. In places are seen also dolomite breccias with green cement and
angular fragments of red dolomite, or with red cement and white fragments (sub-
aerial discoloration). Dolomite is composed of very fine dolomite grains with still
visible contours of ooids and bioclasts. Dolomite grains are sometimes coated with
a fine argillaceous or micritic film. Very frequent are also zonal crystalls of late-
diagenetic dolomite. Process of dolomitization influenced there rocks in different
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stages of diagenesis, in periods of subaerial exposition in the intertidal to supra-
tidal domain.

The Bioturbate Formation has been deposited in a shallow, quiet, aerated sub-
tidal area with rare tidal channels of high energy. Large areas with uniform facies
point to a very large flat shelf or pericontinental sea.

Ravni Formation

The name of this formation has been derived from the Ravni settlement, some
11 km south of Titivo Uzice (M.N. Dimitrijevic et al., 1986).

In the Calcareous Alps as Alpine Muschelkalk (A. v. Morlat 1848, Giimbel 1860)
was described a group of Middle Triassic shallow marine deposits, which ends
with filamentous nodular limestones. The development differs in various parts of
the Alps (Kubanek 1963, Miiller 1965, Bistricky 1982). The part between "Wurstel-
kalk" and filamentous limestones corresponds facially to the Ravni Formation, and
thus we used earlier this name (M. N. Dimitrijevic et al. 1982). This name is pres-
ently abandoned, comprising a larger time span than the Ravni Formation and
being rather differently used in different parts of the Alps.

Brkovid et al. (1978, as "probably") and Sudar (1985) compare one part of this
formation with the Gutenstein limestone, introduced by Hauer (1835). This author
describes a succession of thin bedded limestone, appearing first as some ten cen-
timetres thick interlayers with "Ceratites" cassianus in the "Werfener Schichten™,
and continuing farther as the roof of these strata. Upwards the limestones show
interlayers of yellow Rauhwacke, being dolomitized in places themselves. Chert
appears in nests, nodules and thin beds. Subsequent authors describe in this
formation rather different lithologies and microfacies (e.g. Fligel 1963,1972, Fliigel
and Kirchmayer 1963, Summersberger 1966, Tollmann 1976, Bistricky 1982). These
differences make the correlation rather ambiguous and allow the choice of char-
acteristics according to various authors, and thus make possible various stand-
points concerning the correlation of the Ravni Formation and Gutenstein. Accord-
ing to lithologic features and MF, the Ravni Formation does not correspond to the
Gutenstein strata in the original definition.

The Ravni Formation is in the whole divided into three members with different
vertical and lateral relations. These are Utrina Micrite, Dedovici Biosparite and
Lucici Oncosparite.

Utrina Micrite

The name of this member has been derived from the Utrina settlement at the
Titovo Uzife-Kremna road (M.N. Dimitrijevic et al., 1980). Typical sections are in
Utrine, along the Detinja river upstream of Titovo Uzife and below the Lucitfa
Kr5 along the Sirogojno-Ravni road.

The member develops gradually from the Bioturbate Formation and the most
frequently represents the lowermost part of the Ravni Formation. In places it was
followed up to the very roof of the formation, having lateral relations with other
two members. Its thickness amounts from a few tens of meters up to 110 m.
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The Utrina Micrite shows a full section in the Utrina locality, where it develops
gradually from the Bioturbate Formation, and is topped by the Bulog Formation.
First 60 m of the unit build dark grey, less frequently medium grey breccia-like
micrite, often recrystallized, massive or with weak discontinuous stratification, in
places with a reddish binder between clasts. Follow 6 m of strongly recrystallized
pink rocks, 31 m of dark grey breccia-like micrite with a few reddish interlayers
of cm-thicknesses in the middle part, and 13 m of irregularly nodular dark grey
microsparite with yellowish and reddish interlayers of Bulog-type limestone in
the upper part.

In the Vrela-Citici section (road Titovo Uzice-Roianstvo) the lower part of the
unit shows in places inside the dark grey micrite a well expressed planar lumpy
bedding, with nodules which are in places before the consolidation streched into
flazers and discontinuous laminae, beside horizons of light massive limestone.
Along the road Mitrovac-HE Perucac, west of Titovo Uzi6e, the Bioturbate For-
mation is overlain with 114 m of the Ravni Formation, 73 m of which belong to
dark grey microsparite and breccia of the Utrina Micrite. These are followed up-
wards by the Lucid Oncosparite.

Main MF are as follows:

Micrite and microsparite (MS-WS) are the most frequent. These are massive or
thick-bedded limestones, homogeneous in composition. The groundmass is mic-
rite or microsparite, with scattered tiny dark micrite intraclasts. Organic compo-
nent is built up mostly of crinoid bioclasts with syntaxial calcite, rare fragments
of pelecypod shells and echinoid spines, with some benthic forams and ostracodes,
cyanophyceans and dasycladaceans.

Two-component breccias are thick-bedded or massive. These are composed of pink
and grey micrite plasticlasts, with a micrite matrix, of reddish, less frequently grey
color. Plasticlasts are mostly large (5-20 cm), differing from the matrix only in color.
Quite rare are intrabiosparite clasts, identical in composition with the next de-
scribed ME These breccias originated by syndiagenetic mixing of two muds ac-
companied by process of contraction.

Intrabiosparites (intraclastic GS) with infrequent ooids are mostly thick-bedded,
dark grey in color. Together with ooids with one envelope these contain bioclasts
of crinoids and pelecypods, gastropods, some green algae and infrequent ostra-
cods and forams. Cement is sparitic, in places microsparitic.

Microfacies of the Utrina Micrite point to a shallow subtidal of a restricted
lagoon with a low, in places variable energy. In the early diagenetic stage con-
traction lead to formation of in situ breccias, without subaerial exposition, with
partial enrichment of one of muds with Fe from the land. Intrasparites with ooids
are bound to local barrier reefs with a higher energy of environment.

Dedovici Biosparite

The member has its name from the Dedovici creek (M.N. Dimitrijevic 1980)
where these rocks occur in the Klisura quarry directly below the Bulog Limestone.
The member occurs mostly in the middle and the upper parts of the Ravni For-
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marion. It develops most frequently from the Utrina Micrite; upwards it gradually
passes into the Lucici member, or is topped by Bulog Limestone with a sharp
contact. The thickness of the unit is over 40 m.

Sudar (1985) correlates these strata with Steinalm limestone. Pia (1930) defined
"Steinalmkalk" as white, light grey and drab, partly dolomitic, in places dark grey
Anisian limestone, with beds a few centimetres to 2 m thick, built up of algal
sparite with micritic domains. The notion has been later enlarged to thick-bedded
to massive light colored limestone of the lower part of the Middle Triassic, rich in
dasycladaceans. As with some other alpine strata, correlation depends on choice
of author and domain. The Dedovici section, very monotonous in composition,
shows a gradual metric alternation of biosparite and intrabiomicrite. In this section
have been measured 37 m of the unit below the Bulog Limestone; the lower part
of the member is covered. The lowermost visible 20 m is consist of weakly stratified
mixture of greyish to drab micrite with nests of bioclasts, and biosparite. Follow
5 m of white, completely recrystallized limestone, and 12 m of light to medium
grey weakly stratified sparite and biosparite, with a lenticular lamination in places.
Toward the Bulog roof, which has avery sharp limit, a several metres thick horizon
is characteristic, with numerous neptunic dykes of dm-m length and cm-dm
width, filled by reddish limestone of Bulog-type, and with irregular nests of Bulog
Limestone.

Main MF are as follows:

Biosparites (bioclastic GS) are grey, bedded, in places massive rocks. They consist
of coated bioclasts (0.1-1 mm), bound by sparite cement. In places they bear on-
coids and ooids, and very infrequently they represents oolite. Grains are mostly
filled with mosaic calcite, but in grains with a better preserved form and structure
can be recognized fragment of green algae (mostly dasycladaceans), echinoderms,
gastropods and forams. Some ooids have only one envelope, but there are found
even double ooids forming one coated grain. Pellets are infrequent. In lower parts
of the unit rocks are finer in grain, more densely packed and with many micritized
grains; the grain size of sparite increases upwards as well as the share of sparite
cement, and oncoids and large coated grains are bound only to highest horizons
of the member.

Intrabiomicrites (bioclastic WS-PS) are sparse, occurring mostly in lower horizons.
These are light grey, bedded or less frequently massive rocks, with bioclasts, the
same as in the previously described MF, mostly with micrite coatings or fully
micritized. Pelloids are frequent and densely packed. Groundmass is micrite to
microsparite, with bioturbations here and there. S. Pantic-Prodanovic found in
the Dedovici Biosparite numerous types of forams, mostly benthic, as well as other
fauna of Pelson age.

Depositional environment of biosparite corresponds to a shallow subtidal-in-
tertidal of a shelf with free circulation and a rather high energy. Bioclasts and
other carbonate fragments are transported from the coastal belt, forming con-
centrations over an instable bottom. Coated grains with sparite cement are char-
acteristic of areas with constant water agitation, and their larger concentrations
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represent washed sands of the platform edge. Intrabiomicrites point to somewhat
more quiet domains directly below the local wave base, with an open circulation.
Their composition shows a structural inversion, where components from high-
energy shoals were transported into more quiet shallow domains.

Lucici Onkosparite

Name of the unit was derived from the settlement Lucici and the locality Lucica
KrS, some 4 km north of Sirogojno at the road to Ravni (M.N. Dimitrijevic et al.
1981).The member develops gradually upward from the Utrina Micrite or Dedovici
Biosparite, and in type locality gradually passes into the Bulog Limestone. Very
good outcrops are found also at the Sirogojno water collector and along the road
Mitrovac-HE Perucac. Some horizons of the member have characteristics close to
Dedovici Biosparite, toward which the menber shows lateral transition. According
to lithologic character, this member may correspond to Steinalm limestone in the
original definition of Pia (1930) in a somewhat greater degree than the Dedovici
Biosparite.

In the type locality at Lucica KrS, the unit develops gradually upwards from
the Utrina Micrite, passing also gradually upwards into the Bulog Limestone.
Measured thickness is 240 m, with possible uncertainities due to local faults. First
40 m built slightly breccia-like to homogeneous fine grained sparites, intramicro-
sparites and pelsparites. These grade upwards into massive to weakly bedded
light grey onkoide sparitic types, which in the upper part show alternation with
subordinate reddish pelletoidal micrite and microsparites.

The main part of the column is characterized by very well expressed corrosion
cavities with conspicuous traces of the vadose history (A and B cement, reddish
internal sediment, continuation of crystallization up to the stage of "tectonic” calcite
veins, vadose etching and rounding of clasts), moldic cavities, numerous fenestrae
and impressive strings and horizons of densely packed oncoids, frequently ac-
companied by pellets and bioclasts. Two-component breccia-type rocks are sparse, as
well as thin algal laminae. An important characteristic is the occurence of irregular
dm-lumps of Bulog Limestone in the uppermost parts of the unit.

Main MF are:

Intrabiosparites with oncoids (oncoide biodastic GS) are the most frequent rocks,
although not in all domains and in all parts of the column. These are bedded light
grey rocks, composed mostly of numerous aggregate grains of algal pellets (type
grapestone). Aggregate grains are irregular in form, frequently micritized and
coated with a micritic film of cyanophyceans, in form which suggest oncoids. They
are accompanied by numerous rounded pelmicrite intraclasts, and in upper parts
of the section there is a higher share of "algal ball* -type oncoids in a sparry
cement, the rocks showing transitions into oncobiosparites. Birds-eyes, as well as
corrosion cavities with A and B cement and internal sediment are frequent. Bio-
components are represented by recrystallized fragments of dasycladaceans, bent-
hic forams, ostracods, cyanophyceans and tiny gastropods.
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Fig. 3. Characteristic sections of the Bulog Formation. A - KLISURA QUARRY: a - Ravni For-
mation, Dedovica Biosparite, grey, with Irregular cm-dm lumps of Bulog limestone. Bio-
clasts, micritized fragments of green algae and echinoderms; peloids, "algal-bail" on-
coids, Neptunian dykes; b - micritre layer with laminar accumulations of filaments; ¢ -
grey micrite and biosparite with irregular red strata, nests lenses and lumps; disconti-
nuous red or brown micrite laminae; d - "desiccation cracks" followed by ammonite
lumachelle; e - red nodular micrite, corrosional surfaces, ammonite nests; f- grey no-
dules, oncoids, echinid spines and ammonite shells with algal borings, some filaments,
detritus of blue-green algae; g - pellets, ostracods (frequently with geopetal fabric),
agglutinate forams, some bioturbation, fenestrae (mostly filled, in places geopetal); h
- solution cavities (A + red calcisiltite with filaments); i - red nodular pelmicrite and
microsparite with breaks every few dm-m, in places showing accumulations of calca-
reous sand and small Neptunian dykes; j - erosional surface with calcarenite pockets
K - mechanical accumulations of filaments, frequently cross-laminated; 1- Irregular
micritic laminae marking breaks in deposition; m - nodular micrite, stylolites with Fe-
flims, solution cavities: numerous fenestrae, geopetal in part; n - red nodular micrite
with ammonites, filaments and red laminae
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Oncobiosparites (oncoide GS) are found mostly in the upper parts of the unit. They
bear numerous algal oncoids, different in size, frequently in strings. Cores are
mostly of crinoids, as well as of echinoid spines, cyanophyceans, rarely also forams,
and envelopes are of blue-green algae. Oncoids are mostly of the group R, but C
and | types are also found (classification according to Logan et al. 1964), from the
group of ss-stromatolites. Thin horizons of stromatolites are rarely seen.

Breccia-like intrapelsparite with oncoids (oncoide breccia-like GS) represent contrac-
tion-dessication breccia, with fragments connected most frequently with A, and
only in places also with cement B. The voids between fragments show both the
subaquatic and the vadose phase. Fragments are angular, moved and rotated in a
very small degree, most probably by tidal movements. In the voids reddish internal
sediment is seen.

Biopelmicrites-microsparites (pelletai WS) occur mostly in the lowermost horizons.
These are composed of micrite-microsparite groundmass with scattered large in-
traclasts and numerous pellets (frequently in nests), and with some bioturbations.
Biocomponent is very sparse (small forams and fragments of crinoids; only in
places are seen concentrations of fragments of tiny ammonoids, molluscs and other
forms).

Depositional environment of these rocks shows very fine variations inside a
shallow lagoon with an only slightly differenciated bottom. Lowermost parts of
the unit represent transitions from a quiet shallow subtidal where currents trans-
ported pellets and intraclasts into micritic mud, and somewhat higher subtidal
followed by the intertidal with higher energy. In local deeps of the shallow sub-
tidal and during stagnation of movement a micritic mud was deposited, with local
accumulation of bivalvae, crinoids, gastropods, cyanophyceans and small ammo-
nites, most probably transported along narrow connections with the open sea. In
short periods of intertidal deposition was formed desiccation breccia, with in-
frequent stromatolitic laminae. Higher parts of the unit, with very conspicuous
nests and strings of oncoids, point to restricted shallows and slow deposition with
a relative low energy, followed by locally higher energy. Currents transported
oncoids, concentrating them into nests.

0 - red laminated sandy calcarenite. Décollement surface. W- Wetterstein, algal micrite with
tuffitic stringers. B - LUCICA KRS: a - Ravni formation. Biopelsparite with pellets, oncoids,
ostracods, echinoid spines, fragments of crinoids; b - red filamentous micrite in flazers, in
biomicrite with oncoids and bioclasts, cyanophycea, fragments of bivalvae and gastropods,
echinoids; e - mixture of red and grey micrite in flazers and lenses; d- grey micrite with lumps
of Bulog limestone, ostracods, filaments; e - grey micrite with tiny microfauna; some lenses,
discontinuous inserts and lumps of Bulog limestone; f- Wetterstein, grey and pink two-com-
ponent breccia. C-TARA-PERUCAC: a - Ravni Formation - intrapellsparlte with lumps of Bu-
log-type filamentous micrite; b - massive light red Bulog, slightly nodular, solution cavities; c
- light grey recrystallized massive limestone with cm-dm algal nests, sheet cracks, solution
cavities; d - recrystallized pellsparite with some red Bulog-type inserts and small Intraclasts;
e - Bulog-type micrite with pellets, fenestrae, micrite coatings. Recrystallized pellsparite with
tiny ooids. Dasycladacea, Cyanophycea; f - massive light-grey intrasparite and intrabiospa-
rite, recrystallized. Red Internal sediment Incontraction fissures and small Neptunian dykes.
Irregular lenses of red micrite. g - two-component mixture of red micrite and grey sparite
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In the Perucac-Tara domain well sheltered intertidal was extraordinary favor-
able for rapid development of green algae (dasycladaceans), in later low energy
phases being coated by blue-green algae, which led to densely packed, fascinantly
beautiful oncolites.

Bulog Limestone

This formation has been introduced by Hauer in 1887 (Kalke von Han Bulog),
the type locality being at Bulozi near Sarajevo (presently destroyed by road con-
struction). Thisisanodular limestone of the type known from the Silurian "Ortho-
ceras Kalke" up to Jurassic Ammonitico Rosso. In the Alps it may correspond to
the Schreyeralmkalk (E.V. Mojsisovic, 1882). In the Zlatibor area it was first desc-
ribed by Zivkovic (1907).

The formation is best developed in the Klisura quarry near Sirogojno, where it
is exploited under the commercial name of "Red Sirogojno™. For understanding of
its deposition and environment very important are also sections at Lucica KrS and
in Stapari. In all sections it is clearly recognized by its reddish to dark red color
and nodular fabric; most frequently with a hand lens filaments visible, and in
places some horizons are rich in ammonites.

In the Klisura quarry the formation begins very sharply, with a laminated ho-
rizon of reddish micrite, about 10 cm thick, over the Dedovici Biosparite invaded
by neptunian dykes up to 4 m long. First 5 m of the formation are made of grey
limestone with red nodular layers, lenses and nests, bearing filaments, microfauna
and infrequent intraclasts. Over distances of a few decimetres occur lensoid red
or drab micritic laminae, a few centimetres thick, with soles showing desiccation
cracks in places. Ammonite shells (whole or fragments, frequently with Fe-Mn
coatings) occur in laterally discontinuous horizons several decimetres thick, often
above such laminae. Follow 6 m of red nodular limestone, with stylolites which
in places border the nodules. Characteristic are large corrosion cavities, irregular
in form, frequently with contours which follow the boundaries of nodules. These
do not show a typical geopetal fabric, because the white blocky calcite is mostly
in the lower part of the cavities, below the red internal sediment. It points to
calcite crystallization from a saturated connate solution, before the subsequent
mechanical filling of the cavity (vadose history!). Following 5.5 m consist of red
nodular limestone with scattered ammonites. Continuous red laminae mark breaks
in deposition at every few decimetres. The uppermost part of this horizon abound
in small fenestrae, frequently with geopetal fabric, together with well developed
corrosion cavities. The unit ends with a conspicuous 0.8 m thick red layer with
profuse ammonites, frequently showing geopetal fabric. The sole and the roof of
the layer are marked by red Fe-Mn films. The upper boundary is very sharp, with
concentration of red residuum in pockets, covered by a 3-4 cm thick bed rich in
filaments. The relation toward the Ladinian roof is tectonic - décollement surface
with characteristic folding in the immediate roof.

At Lucica Kr8 the formation has no sharp contacts neither with the floor nor
with the roof. The Bulog Limestones develop gradually from the Lucici Oncospa-
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rite, with an irregular alternation of grey intertidal to shallow subtidal rocks of
the Lucici member and typical filamentous Bulog micrite. Bulog is there composed
of some 14 m of red and grey micrite in nodules, frequently stretched into flasers.
It passes upwards gradually grey biopelmicrosparite (pelletoidal MS) with irregu-
lar lumps of Bulog Limestone.

In other localities the floor of Bulog Limestone is built up of any member of
Ravni Formation, with boundaries of various type. The formation itself differs in
color, faunal content and compactness; the upper contact is gradual or sharp (in
this case mostly tectonic-decollement plane).

Main MF are as follows:

Grey biomicrite (WS) contain some oncoids scattered or in nests, fragments of
crinoids and echinoid spines with algal coatings, sparse filaments, ostracods, plas-
ticlasts of oosparite with oncoids, radiolarians and forams.

Red biopelmicrite, pelmicrite and microsparite (PS) bears profuse small peloids. In
places these are laminated, with laminae marked by concentrations of pelloids,
microfauna and filaments. Ostracodes are frequent, in places with geopetal fabric,
as well as small forams (agglutinate in situ), sphaerae (radiolarians), ammonoids
transported and deposited in strings, microgastropods and bivalvae. Corrosion
cavities are frequent, in places filled with filamentous red internal sediment. Fe-
nestrae are infrequent and only rarely show geopetal fabric.

Intrasparudite-intraformational breccia is infrequent. It is composed of angular
fragments of biomicrite, without traces of transport, within a micritic matrix.

In these strata S. Pantic-Prodanovic determined Illyrian microfauna.

Toward north and northwest, the formation loses its compactness, sharp boun-
daries and mostly also its rich color. At Lucica Kr§ it is reduced to patches and
irregular thin beds mixed with strata of the Ravni Formation, and at Stapari it is
a hardly recognizable thin pink horizon, consisting of several thin beds inside
greyish lagoonal limestone, without ammonites and with sparse filaments.

Such nodular limestones are traditionally regarded as deep marine (for referen-
ces see e.g. Aubouin 1964), deposited over a deep bank surrounded by even deeper
sea. Field relation and sedimentological characteristics of rocks clearly speak
against this model. The floor and the roof are shallow subtidal to intertidal,
showing in places intimate intermixing with Bulog Limestone. If pelloids, solution
cavities with A and B cement and internal sediment, fenestrae, geopetal filling
and rare stromatolitic laminae (found in the vicinity of Sarajevo in the same for-
mation) are normally seen in shallow marine sediments and regarded as proof of
their depositional environment, it seems strange that these features have been in
the red nodular limestones placed even in the depths of several kilometres by
some authors. It seems that the main culprit for such a supposition were con-
centrations of ammonites. Such rich cemeteries of nekton can hardly be expected
in deep waters, especially not over banks with rather strong currents (hardground
without deposition in the traditional model). As typical necroplancton, ammonite
shells can be expected to accumulate only in shallows influenced by an open basin.
Such domains are the most probable in large coastal lagoons and beaches.
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As well as the ammonite shells, filaments represent ingredients mechanically
transported from the open sea, representing thus a typical thanatocoenosis in a
shallow coastal environment.

Next important genetic problem is the formation of lumps. This has been a-
scribed by various authors to algal nodules (Schmidt 1939), lithoclasts (Garrison
and Fischer 1969), unmixing of a primarily homogeneous mixture (Griindel and
Rosier 1963, Haliam 1964, Jenkyns 1974), pull-apart (McCarsson 1958), desiccation
(Matter 1967), differential compaction (Wilson 1969), overburden compression
(Wanless 1973), pressure solution (Tucker 1974), secondary (Pettijoh, 1975), subso-
lution (Heim 1958, Hollmann 1962, 1964, B&ndel 1974). It seems that the process
can be explained through two phases:

(1) rhythmical deposition of two muds - one grey, as the autochthonous sedi-
ment of the shallow subtidal, and one red with filaments, with transport from the
open sea; the red coloration of this mud remains an open question;

(2) lumpy mixing of these two muds, with changes from very early ones to all
stages of development. Products of this evolution can be seen in all stages - from
still visible, almost continuous beds to complete dismembering into nodules, and
with flasering up to late diagenesis (A-cement, stylolites). An important process
could be differential compaction of these two muds, accompanied by the tectonic
unrest of the area, brought about by movements in western Mediterranean and
breaking off of this part of the Dinarides from this part of Europe which is now
the southern France. These movements are responsible also for opening neptunian
dykes.

Wetterstein Limestone

This formation has been introduced by Gumbel (1861) for Ladinian-Corde-
volian reef complex of carbonate platform in western Calcareous Alps of Ba-
varia and Tyrol. The name has been adopted also for the Drina-lvanjica plat-
form (M.N. Dimitrijevic et al., 1980), basic sedimentological characteristics
being the same.

At the Zlatibor Mt. a wholesome section of the formation is not seen. The better
part of it, with the lower contact but without the roof, appears along the road
Mitrovac-HE Perucac (over 304 m thick). A good section, also without roof (88 m)
is found in the Dedovica creek up to the Klisura quarry, where the upper contact
is tectonic (décollement). At Greda locality, east of Rozanstvo, a 124 m thick part
of the section shows well the characteristics of the unit, but without the lower
and upper contacts.

The formations consists of several basic facies, with variable horizontal re-
lations. These are deposits of patch reefs with backreef sands, reef flat, reef
framework and reef talus and of subordinate interreef lagoons. In some places
in the lower part of the patch reef complex are found discontinuous and diffuse
bodies of reddish rocks close appearance to Bulog as seen in atypical develop-
ment north of Sirogojno. A specific part of the unit is the Klisura Member, seen
over a very small area.
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Patch reefs

These deposits compose the largest part of the formation. Along with observa-
tions during mapping, the best insight into the internal organization of such reefs
has been obtained by a very detailed mapping of a domain at Veliki KrS (road
Roianstvo-Sirogojno). Reefs are thin (up to a few tens of metres) and small (mostly
up to a few hundreds square metres). The reef framework is conserved to a very
small degree, and deposits are mostly composed of products of reef destruction -
backreef sands, reef flat and reef debris. Deposits of interreef lagoons are highly
subordinate, and reef debris are intermixed with the reef framework, showing
various degrees of movements of the material developed from mechanical disin-
tegration of the reef body. In vertical succession frequent are the contacts between
reef flat-reef framework toward reef debris, with a transition upwards into reef
sands or lagoon. This points to a quick lateral migration of dekametric reefs which
did nowhere rich the organization maturity characteristic of large, regional reefs,
but were rapidly disintegrated into reef sands. The zone of reefs represented a
platform margin of higher energy, but not as sharply developed as in the Wilson
model.

Backreef sands

This, most widespread facies, consists of two main MF: bio- to oopelsparite, and
intrabiopelsparite (both corresponding to ooide and pelletoide bioclastic GS), dif-
fering only in the quantitative variations of allochems. These are thick to weakly
bedded rocks, light to medium grey in color. Constituents are intraclasts and
profuse bioclasts, introduced from the intertidal or shallow subtidal, mostly of
micritized fragments of green algae (dasycladaceans, less frequently codiaceans),
cyanophyceans, crinoids, tubiphytes, pelecypods and gastropods, forams, echi-
noid spines and other forms; to the connection with the open sea point tiny
ammonites. Pellet form agglomerations, being most probably algal in origin. On-
coids are sparse. Sorting is poor, in places moderate, and only exceptionally good,
in the span from coarse to medium grained sand. The most part of grains has a
micrite coating, or rather thick algal crusts of the A and B type. Cement is sparite,
type B, and voids are somewhere filled also with micrite. These facies correspond
to a mixture of MF 3, MF 4, partly also MF 5 in Wurm's classification (1982, Schut-
kalke) and to Wilson's SMF 11.

Bioclastic GS with profuse dasycladaceans were deposited in an environment of
aslightly higher energy, with stronger currents and very frequent (storm?) shocks.
That is the reason for their sorting, poorer than usual in backreef sands of mature
reefs; it seems probable that such rocks are more frequent in patch reefs.

A specific feature of this facies and the reef flat facies represent intense flasering,
seen in several places (very good examples are along the road Rozanstvo-Sirogoj-
no, above the Klisura quarry). Rock components were in early stage of diagenesis
stretched in flasers in various degrees - from stages where the original form of
allochems may be reconstructed, up to a full "flame" - forms in the rock, which is
then composed of completely stretched and vague lenses. The orientation of flasers
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varies from parallel with bedding to oblique to it at various angles. The process
can most probably be connected with sliding of nonlithified to semilithified mud
and allochems under pressure of overlying rocks.

Reef flat

This facies is relatively frequent, represented by intrabiosparudite and intrabio-
sparite (bioclastic RS-GS). These are light grey, mostly massive rocks, only in places
bedded, with very sparse graded laminae or lensoid strings of bioclasts. Very
characteristic are irregular corrosion cavities, filled with coarse-grained drusy cal-
cite growing inwards, or a multiple A and B cement with red internal sediment
or without it. In the center of the cavity a fragment of the surrounding sediment
is frequently seen, which is not seen in Dachstein Limestone. Both types of rocks
consist mostly of intraclasts and bioclasts, aggregates of pelloids, coated grains
and oncoids. Sorting is variable. Among intraclasts most frequent are weakly
rounded fragments of pelmicrite-microsparite, and fine-grained bioclastic GS. Bio-
clasts are profuse, representing organisms from various depositional environ-
ments. These are fragments of crinoids with micritic rim, small dasycladaceans and
codiaceans, rather frequent solenoporeans, as well as fragments of reef organisms
mostly calcispongia and corals, accompanying organisms (tubiphytes, cyanophy-
ceans), and fragments of pelecypods and gastropods. Among forams the most
frequent are benthic types (according to S. Pantic-Prodanovic), which most pro-
bably were taken in from sea-grass meadows, from where originated also pellets
and their aggregates. Bioclasts from the reef framework make about 10% of the
mass.

Reef flat is the domain of transition between reef framework and narrow back-
reef sands, only some 1-2 m deep. In this outstandingly photic environment, the
seagrass forms a biotope very favourable for forams and boring organisms (espe-
cially molluscs), as well as for production of peloids. Relatively high energy of
this domain is suitable for mixing of organisms from various facial environments.

Reef framework

Facies of this environment are found very frequently, but only as small pre-
served bodies. These consist for the most part of BS (framestone with transitions
toward floatstone). For one part those are autochthonous limestones deposited in
a very shallow domain of high energy (waves, storms, tidal movements) with
constant turbulence. Rocks are light grey, massive, with reef organisms accentu-
ated by weathering. They are mostly reef builders (calcispongia, dendroid corals,
hydrozoa), binding organisms (stromatoporoids, cyanophycea, tubiphytes) and
other forms. Bioclast of these organisms are frequently coated by algae and tu-
biphytes. In places there are also green algae (solely Thaumatoporella parvovesiculi-
fera, according to S. Pantic-Prodanovié), as well as solenoporaceans. Cavities in
the reef, sheltered from movements, bear also concentrations of Baccanalla in a
micritic mud. Fragments of corals and calcispongia frequently show traces of
boring organisms activity. Micritized skeleton fragments are mostly disintegrated
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in pellets, the aggregations of which reveal contours of the original organism (e.g.
large dasycladaceans). In fine-grained varieties of these rocks profuse pellets, frag-
ments of molluscs and forams can also be seen, with ample mud cement. Such
intermixing of small or large reef organism, tiny bioclasts and small biomorpha is
characteristic of relatively restricted part of the reef. Corrosion cavities are frequent
also here, with fragments of organism or pellet aggregates in the central part.
These cavities are in places frequent in such a measure that the rocks look like a
collapse breccia.

First products of the reef destruction are represented by FS-breccia formed of
fragments of reef organisms and rocks. Intraclasts and bioclasts are tied by early
diagenetic calcite cement, and voids are frequently filled with a drusy A calcite.
Intraclasts of biosparite, oncobiopelmicrite and biospelsparite are angular, differ-
ing in size. These are highly subordinate in relation to bioclasts - fragments of
spongia, dendroide corals, hydrozoa, cyanophycea, tubiphytes (which envelops
whole shells and bioclasts), codiaceans and less frequently solenoporaceans, cri-
noids, together with small foram biomorpha.

Interreef lagoons

These deposits are not typical lagoonal MS, characteristic of large lagoonal areas.
Lagoons were here of a small size, and rocks abound in small detritus transported
from domains of permanent degradation of patch reefs.

The most frequent MF are pelmicrites, pelmicrite-microsparite and biomicrite
with frequent bioturbations (WS-PS, WS). Rocks bear fragments of biosparite,
oosparite and pelsparite, plenty of fragments of crinoids and echinid spines, as
well as small foram biomorpha and ostracodes. Clasts show micrite coatings, most
probably of encrusting algae, as well as traces of borings. Small forams are fre-
quently micritized. Exceptionally are found also tiny ammonoids and concentra-
tions of large filaments. These features point to very shallow subtidal of interreef
domains, where the material of reef degradation was transported in shocks. Peri-
odical streams introduced also the open sea elements.

Klisura Member

Rock of this member occur only in the Klisura quarry in the Dedovica creek, at
a length of some hundred metres, and in Stamati, a few kilometres to the north.
These form the roof of the Bulog Limestone, separated from these by a décollement
plane. It could be assumed that the tectonic reduction of the succession is relatively
small. The unit is some 20 m thick, with an upward transition into Wetterstein
reef limestone.

Lower part of the unit, several metres thick, consists of well bedded grey pel-
micrite with lenses and irregular interlayers of Bulog pelmicrite. These beds are
separated by thin green beds of pietra verde type. Upwards follow well bedded
biosparites (fine-grained GS) and the main part of the unit, with an alternation
of well bedded pelmicrite (pelletoidal WS-PS) and thicker beds of intrasparite.
Pelmicrites and pelmicrosparites (pelletoidal WS-PS) represent transitions from
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Bulog biomicrite to biopelsparite. These consist of micritic to microsparitic
groundmass with sphaere and filaments, tiny algae (cyanophyceans and dasycla-
daceans) and forams, with many peloids which are very small and hard to recog-
nize. In the grey PS lamination is very frequent, in places lenticular, and in GS in
places is seen also graded bedding. WS frequently contain thin interlayers or
nodules of secondary chert.

The Wetterstein Formation was deposited over a broad and shallow open shelf,
with scattered patch reefs separated by domains of backreef sands and infrequent
larger lagoons. Reefs were small, shortlived, without possibilities of structural
maturation, with a quick growth and a quick destruction. Internal reef facies can
be recognized, but do not show neither a sharp separation from other facies, nor
well differentiated and wholly adapted biocoenoses. Dendroide corals are very
frequent, with branching tendency, growing in a partly turbulent environment.

The Klisura Member represents a lagoonal deposit of a quiet subtidal to inter-
tidal. It is specific for interlayers of possible volcanic origin, which do not occur
over the whole area, and for secondary silicification, which may be connected
with local introduction of tuffaceous matter from faraway places.

According to S. Pantic-Prodanovic, deposition of the Wetterstein Limestone
embraces the whole Ladinian, and probably also the lower part of the Carnian.

Grivska Formation

This formation is named after the Grivska village in the Arilje area (M.N. Di-
mitrijevic et al. 1981). These beds seem to be synchronous with lower part of
Wetterstein Formation (Ladinian).

Only two section are known presently: one in Grivska, in the valley of \. Rzav,
and another in the village Zbojética, 6 km south of Titovo Uzice. Relations around
the first section have still not been investigated. The second section appears in a
tectonic window below décollement sheets of the platform Triassic, about 1 km
long and some 100 m wide. The floor is not visible, and the roof at Zbojatica are
shallow marine facies close to Wetterstein Formations.

In the Grivska locality the formation consists of thin beds of grey to drab micrite
and biomicrite (WS), with frequent thin interlayers of argillaceous matter, slaty in
appearance. Micrites alternate with subordinate fine- to coarse-grained intraspa-
rite (GS), which are upwards richer in bioclasts. In all these rocks occur lenses,
nodules and irregular interbeds of chert, as product of an early diagenetic silici-
fiction.

Micrite and biomicrite (WS, Bioclastic WS) form over 70% of the formation. These
are composed of a micritic groundmass, with biocomponents scattered or concen-
trated into lenses or irregular laminae. It is represented by calcispheres, radiola-
rians and filaments, thin and tiny, but profuse in places.

Intrasparites (GS) form beds 3-15 cm thick. Here and there thicker beds are
graded. In these beds the lower part is frequently graded and the upper parts
show a horizontal or cross-lamination, pointing to a turbiditic character, but
without sole markings. Grain diameter of these rocks varies from 0.1 to 2 mm.
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Detritus consists of fragments of micrite, pelmicrite, and microsparite, as well as
pellets. In higher parts of the column these rocks grade into intrabiosparites with
fragments of oosparite, oncomicrite and algal micrite, together with tiny bioclasts
of reef organism.

In the ZbojStica section an alternation of (pel-, intrapel-, bio-) micrite (WS) and
(biointra-, oobiopel-, oncoide biopel-) sparite (GS), dark to light grey in color, is
also visible. In lower parts of the column beds are thinner, with interlayers and
nodules of chert, while in upper parts thick-bedded carbonate sands dominate.
Terrigenous siliciclastic ingredients are almost absent. Also in lower part of the
column small-scale organic detritus dominate: upwards an intermixing of pelagic
and shallow marine forms can be seen, transported from the shelf area (Cyanophy-
ceans, dasycladaceans, encrusting organisms, benthic forams), indicating a transition
toward shallow marine areas.

Grivska Formation shows a number of features sharply differing from the plat-
form deposits. These are, first of all, homogeneous micrites with laminated beds
and thin argillaceous interlayers, fine-grained sparites with horizontal and cross
lamination, graded intrasparite, early diagenetic chert, distal cardonate turbidites,
autochthonous pelagic microplankton and allochthonous shallow marine organic
detritus, as well as slump phenomena. According to these features the Grivska
Formation corresponds to the transitional (clinothem-fondothem of the carbonate
platform margin (Wilson's belt 4). The ZbojStica column shows upward a transition
toward the carbonate platform with patch reefs, that points to lateral migration
of the platform.

The largest part of olistoplake in the Zlatibor area consists of Upper Triassic
rocks, with mutual relations preserved in such a degree that the original distri-
bution of depositional environments can be at least partly reconstructed.

Dachstein Limestone Formation

From NE to SW three main areas of deposition can be seen within the Upper
Triassic carbonate platform system

- area of patch reefs (Dachstein Formation)1

- backreef area (llidza Formation)

- shallow sea (Lofer Formation)

"Dachsteinkalk™ is a name given by E Simony (1847) for Norian and Rhaetian
limestones in Loferer Steinberge. Carnian part of these beds is known as "Tiso-
vec-Kalk” (V. Kolladrova-Andrusosova 1960). For deposits of (Upper?) Carnian to
Rhaetian age we adopted a common name of "Dachstein Reef Complex" because
of impossibility to make any geologically significant vertical subdivision.

1 In the Alpine Triassic these three facies types have traditionally been considered as a single
formation (Dachstein Limestone Formation). However, in the author's opinion their distinction
at a rank lower than formation (e.g. as members) is too low to express their differences
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Dachstein reef complex has been recorded only in the broader domain of Ro-
zanstvo, where good outcrops are seen along the road from Roaanstvo up to llidza
as well as east of Alin Potok village. This complex develops gradually from Wet-
terstein without important differences. Practically the same depositional conditi-
ons were thus preserved in the area from Ladinian up to Rhaetian, speaking for
the stability of conditions, not frequently seen in carbonate platforms.

The complex consists of patch reefs, divided by shallow marine belts covered
with products of reef destruction. Reefs are somewhat larger and better defined
than in the Wetterstein Fm. A detailed analysis of a section east of 1lidza showed
that the most frequent are contacts reef sands/reef debris (29%), reef sands/reef
framework (25%), and reef flat/reef framework (21%); less frequent are contacts
reef flat/reef debris (13%), reef framework/reef debris (12%) and reef frame-
work/interreef lagoon (4%). Direct contacts reef flat/lagoon and reef sands/reef
flat have not been observed. These data show that the whole domain represents
an area of permanent growth and destruction of small reefs, which did not
nowhere reach neither a constructional organization nor ecological maturity.
Reefs are mostly of dekametric dimensions; they were growing in a belt com-
posed mostly of reef sands. Small lagoons with typical sediments are rare. The
fauna is mixed without regularity characteristic of mature regional reefs: there
are found together reef-building corals, bryozoans, lumachelle of bivalvae, and
algae. In such a complex some reef facies can be recognized, with incompletely
developed characteristics.

The main facies are:

Interreef lagoons

These deposits are sparse. These are products of a shallow subtidal, below the
local wave base, where material from the reef sands was introduced intermittently.
Most frequent are pelmicrites (peloide WS). In their composition enter pellets and
oncoids (mostly densely packed in laminae), sparse grapestone, as well as frag-
ments of crinoids, small forams, and rare fragments of green algae and forams.

Reef sands

These sands are very widespread (the term fits better than "backreef sands”,
which are connected with the topography of mature, constructionally well orga-
nized reefs). The water energy was here higher than in lagoons, but lower than
at the reefs, and water depth was most probably 1-5 m. Width of local bodies of
sands amounts frequently to only several metres. Coarse-grained intrabiosparite
and intrabiopelsparite of this unit (bioclastic GS) are light grey thick-bedded rocks,
with the grain diameter 0.1-7 mm. These are composed of intraclasts (biosparite,
biomicrite, biopelsparite), grapestone, sparse oncoids and peloids. Bioclasts are of
corals, tubiphytes, bryozoans and porostromata, a large share of these clasts being
enveloped by thick algal crusts of the type A, rarely B. There were found also
fragments of crinoids and bivalvae, with profuse forams and less frequent echinoid
spines and ostracods. These rocks show transition toward MF of the reef flat.
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Fig. 4. Reconstruction of a patch-reef area, Dachstein, some 150 m from llidza (bridge over Pristavica) toward Sirogojno. The section is made
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Medium-grained intrabiosparites (bioclastic GS) are light grey bedded rocks with
grain 0.1-2 mm in diameter. These differ from the former MF by content of oncoids,
pellets and sparse ooids. Instead of algal crusts, grains are mostly coated by a
micritic film. The largest part of organic detritus constitute dasycladaceans, reef-
organisms being less frequent. Detritus is loosely packed, and interstices are filled
with blocky calcite. Shells of molluscs show in places a geopetal fabric, formed
before the final deposition. These rocks are typical représentants of reef sand from
areas with constant agitation.

Peletoidal biopelsparite-microsparite(peletoidal PS) are spase. These are thin-bedded
rocks, only in places laminated, composed of profuse tiny peloids and small mic-
ritized organic detritus, where only fragments of crinoids escaped micritization.
Forams are sparse. Detritus is densely packed and well sorted. Rocks are deposited
in somewhat less agitated areas, transitional between reef sands and interreef
lagoons.

Fine-grained pelletoidal intrabiosparite (fine-grained bioclastic GS) are well bedded
with corrosion cavities. They bear a large quantity of carbonate detritus with
predominant peloids, small ooids and tiny micritic intraclasts, accompanied by
some small grapestones and fine fragments of dasycladaceans, filamentous algae,
crinoids and echinoid spines, as well as by very small mollusc shells. Grain size
shows that these rocks were deposited in a low energy domain, into which only
the most fine-grained material was transported.

Reef flat

This facies is very widespread. Rocks are light coloured, massive or thick bed-
ded, rich in corrosion cavities, with large fragments of reef organisms. Most fre-
quent MF are biointrasparites and biointrasparrudites (bioclastic GS and RS),
which differ only in the grain size and sorting (weaker in GS). Rocks consist of
rich and very diverse organic detritus. Intraclasts are less frequent (pelsparites
and biopelmicrites) as well as oncoids and ooids occur only exceptionally. Pellets
are in groups, forming large blankets, originating most probably by disintegration
of green algae and algal crusts. Grapestones are frequent, in places coated with
micrite. Biodetritus is composed of fragments of corals, hydrozoans and spongia
(mostly with algal crusts), as well as dasycladaceans, rare coralline algae, crinoids
and echinoid spines, with profuse and different forams. Pelecypods form in places
lumachelle nests (Monotis?).

In mature reefs the reef flat is situated between reef sands and reef framework.
In our area it is composed of rocks which show mixing of these two facies, con-
tracting the most frequently with the reef framework.

Reef framework

These rocks are composed of BS or biolithites. These are light grey massive,
intensively recrystallized rocks with colonies of corals and infrequent but con-
spicuous hydrozoan Heterastridium (determination D. TurnSek). Among the reef
association D. TurnSek separated two: (1) colonial corals and Alpinophragmium,
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with coral algae (internal part of the reef framework) and (2) hydrozoans and
spongia, with dasycladaceans and Lamellitubus (external part of the reef). The third,
non-reef association is composed of hydrozoans (Heterastridium), ahermatypic co-
rals and spongia, along with solenopora, microproblematica and, fragments of
ammonites.

Reef slope

This facies is weakly expressed and hardly discernible in the field: such small
reefs had not a well developed reef slope, and products of reef disintegration are
mixed with the reef deposits. Rocks are RS-FS with angular fragments 0.1-6 cm
in size, poorly sorted. Clasts are of pelsparite, biopelsparite, profuse fragments of
reef and accompanying organism - corals, calcispongia, algal crusts, hydrozoans,
crinoids and other forms. Forams are sparse, and pellets profuse. Groundmass is
micrite or sparite, depending on energy of the domain in which the fragments
came to a stand.

Ilidza Formation

This formation represents Carnian-Norian (-Rhaetian?) backreef deposits. The
name comes from the locality Ilidza (Turkish for “spa") on the PriStavica rivulet
(road Rozanstvo-Sirogojno).

The floor of the formation is not visible in the type locality, as well as in splendid
outcrops along the road Arilje-KruScica, east of the type area.

The most conspicuous feature of this member represent fine to coarse-grained
carbonate breccia, in vague lenses and pockets dm-m in size. Characteristic of this
breccia is the presence of numerous grey to black bioclasts and intraclasts ("black
pebbles") of green and coralline algae, fragments of corals, spongia, bryozoans
and hydrozoans; intraclasts are of PS and GS. Fragments originated by destruction
of rocks from the high-energy zone of the patch reefs area (first phase), being by
waves and/or tidal movements transported into depressions with relatively an-
aerobic conditions, where these obtained their dark colour (probably by algal
action; second phase). In the third phase black fragments have been transported
by storms, tidal and other streams into the intertidal to subtidal domain of depo-
sition of Ilidza Formation, where these have been deposited together with other
fragments. With this breccia occur also the following MF:

Intrabiomicrite with peletoids (W/S-PS) are bedded rocks, forming horizons of metric
thickness. These are composed of numerous densely packed peloids, lensoidal con-
centrations of intraclasts and bioclasts (partially black), brecciated in appearence, frag-
ments of micrite and biosparite (frequently coated by a micrite envelope), coated
grains and oncoids. Biodetritus is composed of fragments of dasycladaceans, codiacea
(less frequently biomorpha), solenoporacea, molluscs and reef organisms, as well as
forams and ostracodes. In places were found nests of megalodonts. Corrosion cavities
are frequent, filled with A and B cement, occasionally also with red internal sediment.
These are deposits of the lower intertidal to shallow subtidal, with a mostly low
energetic potential, into which clasts were introduced intermittently.
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Intrabiosparite (bicclastic GS), fine to coarse-grained and very poorly sorted, are
very frequent. These are bedded to only slightly stratified rocks, with conspicuous
breccias, bearing nests and pockets with dark clasts. Differently packed detritus
of these rocks is composed of subangular to angular clasts or even plasticlasts of
micrite and biosparite, sparse ooids with one envelope, pellets, less frequently
oncoids (grouped) and grapestone. The most part of the detritus represent bioclast
of cyanophycea, dasycladacea, solenoporacea, sponges, hydrozoa, bryozoa, corals,
bivalvae, gastropods, rare crinoids and echinoid spines. Grains are mostly coated
with a micrite envelope. Cement is blocky calcite, and around some grains en-
crusting calcite cement can be seen.

In places these rocks contain concentration of large smooth bivalvae with thick
shells. Corrosion cavities are frequent and almost wholy filled with red internal
sediment. Depositional environment of these rocks correspond to a specific back-
reef area with good circulation and conspicuously diversified energy, with subti-
dal domains where micritic mud accumulated. The water depth amounted to only
a few metres.

In the formation also Lofer deposits have been recorded somewhat atypical but
with recognizable member B (fenestral micrite) and C (fine-grained bioclastic GS).
Thickness of Lofer interlayers is only a few decimetres, and their occurrence point
to a connection with adjacent Lofer areas.

Lofer Formation

The name has been given by B. Sander (1936) for well bedded and laminated
limestones of Dachstein Fm. in the Loferer Steinberge. In the alpine literature they
are known under various names (Loferer Schichten, Loferer facies, Loferer Dach-
steinkalk, Loferer typus des Dachsteinkalkes). This formation occurs over a very
large area west of the zone of the Ravni Formation and Dachstein, through the
whole Carnian, Norian and most probably also Rhaetian stages. The floor was not
found, and the unconformable roof represent marly and sandy micrites of Liassic
(-Dogger) age, or directly the Ophiolitic Melange. Excellent sections of the for-
mation can be seen along the road Titovo Uzice-Nova VaroS. The unit was earlier
described in detail (M.N. Dimitrijevic et al. 1982, Nastic and Zupancic 1986), and
only a short summary is given here.

The most conspicuous characteristic of the formation is a rhythmic dm/m
exchange of "Lofer cyclothems", consisting of three members: A - infrequent
reddish or greenish horizons of marly MS or WS up to few centimetres thick,
with irregular lower boundary, pockets and lenses and filling of mud crack
and small neptunian dykes, bearing witness of subaerial exposure and erosion.
B - Loferite breccia, fenestral micrite and algal stromatolite = intertidal with
algal mats. C - Massive biomicrite and biosparite with megalodonts, corrosion
and moldic cavities and contraction breccia = shallow subtidal. In the ideal
case cyclothemes have sharp C/A or C/B boundaries, but gradual BCB transi-
tions as well as sharp contacts B/C have been observed. Thin cyclothemes con-
tinue only a few metres laterally.
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The Carnian part of the unit differs from the Norian (-Rhaetian) one by presence
of oncoids, smaller megalodonts that are also less frequent, and more frequent
C/BC/B... or BCBC cyclothemes.

Characteristics of Lofer point to a shallow sea with constant local rhythmic
emergence, without permanent streams but with a rather well expressed water
agitation in the intertidal.

Tentative Reconstruction of the History

Triassic strata at the Zlatibor area are nowhere preserved in the original position,
building up several olistoplake (décollement sheets) of highly different, mostly
kilometric size. These sheets slipped down from the Paleozoic into the Melange
trough, mostly at the end of Jurassic. Basal parts of these sheets have been during
this sliding tectonically reduced in different amounts, in such a manner that
present décollement surfaces cut the Triassic column at various places. As a con-
sequence, different parts of the Triassic column directly overlie the Paleozoic base.
Original relations are mostly seen inside large olistoplake. This situation very
seriously impede the reconstruction of the platform geometry and development,
relations between units, and toward adjacent deposits.

One of serious problems represents the boundary between Paleozoic and O-
phiolitic Melange in the floor of the Triassic. Inside the area Paleozoic appears as
the immediate floor along present boundary of olistoplake near Titovo Uzice, and
in the Bukovac brook a few kilometres SW of this town. Already 3 km to the south
the tectonic floor of the Triassic (here represented by Wetterstein Limestone) is
the Grivska Formation, and one kilometre farther south as the base appears the
Ophiolitic Melange. These relations suggest that only a narrow belt exists where
Triassic strata still overlie the Paleozoic, whereas all other Triassic bodies lie inside
the melange or over it. This assumes décollement movements of at least 10-15 km,
with platform strata overriding the clinotheme deposits of the SW flank of the
ramp.

During the pre-platform stage (Lower Triassic) fine-grained elastics covered
folded, emerged and planated Paleozoic strata. Sedimentology of these elastics has
not been studied in detail, but deposits of possible braided rivers and shallow sea
with migrating bottom forms have been recorded. The scenery did not change
very much also in the upper part of the Lower Triassic, but without transport of
siliciclastics from the land. The environment corresponds to a broad, shallow con-
tinental shelf. It seems that the Drina-lvanjica element was up to the Campilian
connected with its Provencal neighbourhood in the western corner of the Medi-
terranean (Dimitrijevic and Dokovic 1989). Volcanic products of this rafting are
not seen NE from the Melange trough - the Sirogojno Formation is not a normal
member of the local Triassic column, but an olistoplaka of unknown origin.

Regional data place the Ravni Formation in the times of rifting, with beginning
of formation of the carbonate ramp. From Pelson up, the platform phase is clear:
the area represented an offshore bank flanked along both sides by oceanic basins
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- at the northeast by a branch of Tethys, and from southwest by the oceanic tract
of the Ophiolite Belt. Bulog corresponds to a stage of basin influenced shallow
shelf or beach, with intensified breaking at the beginning of its deposition. Basin
influences are weaker toward present NW, and the formation fade up into other
shallow marine deposits.

Relations in Ladinian are at least partly elucidated by disposition of deposits
pertaining to different environments. Wetterstein Fm belongs to the high energy
zone, close to the NE margin of the bank, and the Grivska Formation marks the
original clinothem/fondothem of its southwestern margin. It is not clear how to
paleogeographically interpret the Klisura Member; it can be relatively close to the
SW platform margin, with traces of a rather far-off volcanic activity.

SwW FRONT of DEVETAK ZLATIBOR NE

Fig. 5. A - Distribution of Triassic formations inthe Zlatibor area (right) and front of the Deve-
tak olistoplake. B - Reconstruction of the platform

Relative positions of Upper Triassic units are much clearer: at the east was a
rather narrow high energy belt (Dachstein reef complex); follows the very narrow
and poorly preserved back-reef belt (llidza Formation) and a large shallow marine
area with constant local exchange of intertidal and shallow subtidal.

Farther west and southwest data are missing. Toward northwest, in Devetak
(Vujnovic, 1983) along the southwestern border of the platform occur Ladinian-
Carnian reef limestones, overlain by Norian-Rhaetian Lofer thatin its lower parts
bear "black fragments of limestone and small megalodonts"” (=1lidza). This makes
possible the reconstruction of the off-shore bank in the Upper Triassic, with large
Carnian high energy belt at the southwest, a narrow zone of the Ilidza Formation,
a large area of Lofer in the main part, followed toward NE by a narrow zone of
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the Ilidda Formation, and eventually the high energy zone along the NE border
(Wetterstein Fm, Dachstein Fm). During the Norian and Rhaetian the platform
migrated toward SW, with the Ilidza Formation, which at the front of the Devetak
group of olistoplake appeared in the Carnian-Norian, and with Norian-Rhaetian
Lofer. At Devetak, the front of nappe pile from the NE overlies the Triassic of the
East Bosnian-Durmitor area (Vujnovid et al. 1981), with Lower Triassic similar to
the Devetak development, but with strikingly different younger units - Anisian
is composed of thick-bedded and massive limestones with crinoids, brachiopods
and ammonites, with some dolomite. In the Ladinian prevail thin-bedded marly
and sandy limestones with chert lenses, lumps and thin beds, together with pro-
fuse pyroclastic rocks. Upper Triassic is poorly exposed. It consists of thin-bedded
limestone with chert nodules and alternations of such limestones, silicious rocks
and marl.

The roof of the platform visible very rarely is represented by a Melange or
shallow marine Cretaceous.

Facies almost identical with the Drina-lvanjica area occur toward northwest
and west (e.g. Dolomites and Julian Alps, Eastern Transdanubian Midmountains,
Tyrol, Northern Calcareous Alps, Tirolikum, Sicilia) and even to the south (irna
Gora). This opens the question of the mutual relations of these areas in the
Middle-Upper Triassic times, solved by various authors in most different ways.
We explain the Drina-lvajnica area as part of the European continent up to the
Anisian. Contrary to many authors, who see the Drina-lvanjica element turned
toward the Mediterranean ocean, we place this boundary turned toward the
Southern France, because of its Paleozoic base, pertaining to a very large deposit-
ional basin. Mutual relations with other areas of similar deposition are still open.
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Plate 1

1 — Bioim bale Formation, lowermost horizons. Sandy WS rich in burrows, ralher large, fill-
ed with microsparite, These are coate with a ferruginous and argillaceous film. Sample
1868. The side of the photograph is 6 mm.

2. —Bioturbate Formation. Sandy micrite with bioturbations. Sample 560. The side of the
photograph is 6 mm.

3. — Bioturbate Formation. Oolite with rather well sorted recrystallized ooids with micritic
coating. Sample 1785. The side of the photograph is 6 mm.

4. —Bioturbate Formation. Algal bioclastic GS with large dolomitized ooids and algae (most-
ly cyanophyceae). Sample 1867. The side of the photograph is 6 mm.

5. — Bioturbate Formation. Oolite with ooids partly mictritized or coated with micritic film.
Some algal detritus. Sample 1879. The side of the photograph is 6 mm.

6. — Bioturbate Formation. Bioclastic GS with micritized or recrystallized ooids, forams, frag-
ments of filamentous algae etc. Sample 1775. The side of the photograph is 6 mm.

Plate 2

1. —Rami Formation, Dedovici Member. Bioclastic GS with small ooids and profuse bio-
detritus. The most part of grains show a micritic coating, and some grains are com-
pletely micritized. Sample 1420a. The side of the photograph is 5.5 mm.

2. — Rami Formation, Dedovici Member. Bioclastic GS with partly micritized cement. Spar-
ke domains contain profuse tiny detritus (cyanophyceans, green algae), and the mic-
rite bears small fragments of crinoids, forams etc. Sample 1419. The side of the pho-
tograph is 5.5 mm.

3. — Rami Formation, Lufiéi Member. GS composed of oncoids and bioclasts wrapped in a
micritic film. Voids are filled with blocky calcite, and around some oncoids grows A-cal-
cite. Sample 1263a. The side of the photograph is 5 mm.

4. —Ravni Formation, Luciadi Member. GS with deformed oncoids and bioclasts coated by
micrite. Sample 1234a. The side of the photograph is 6 mm.

5. —Ravni Formation, Lufiéi Member. Bioclastic GS with oncoids and various bioclasts and
intraclasts, frequently coated with micritic film or completely micritized. Sample 522.
The side of the photograph is 6 mm.

6. — Ravni Formation, Utrina Member. Biomicrite with profuse tiny pellets, fragments of
crinoids, echinid spines, and other biodetritus. Sample 1418b. The side of the photo-
graph is 6 mm.

Plate 3

1. — Bulog Formation. WS—PS with ample pellets and tiny organic detritus (filaments,
algae, ostracods, etc.). In the mollusc fragments concentrations of pellets and bio-
detritus. Sample 1425. The side of the photograph is 5.5 mm.

2. —Bulog Formation. Nodular MS—WS with lumps of MS containing some tiny bio-
clasts, WS rich in filaments, and PS with bioclasts. Sample 1429. The side of the
photograph is 5.5 mm.

3. — Bulog Formation. MS—WS with large geopetal fenestrae and profuse tiny organic
detritus in the micritic groundmass. Sample 1428a. The side of the photograph is
55 mm.

4. — Bulog Formation. MS—WS with large filaments showing the “umbrella structure”,
and tiny recrystallized biodetritus. Sample 571. The side of the photograph is 5.5 mm.

5. — Bulog Formation. WS —PS, characteristic of the upper part of the unit. Concentrations
of filaments, some of which show the “umbrella structure”. Sample 577. The side of
the photograph is 6 mm.



6. — Balog Formation. MS—PS with bioclasts and small filaments. One shell with geopetal
structure is inverse in regard to the orientation of fenestrae (transported). Sample
1425a. The side of the photograph is 6 mm.

Plate 4

1. — wetterstein. Lagoonal MS—WS with concentrations of large filaments. Sample
1827a. The side of the photograph is 5.5 mm.

2. — wetterstein, interreef lagoon. Algal bioclastic GS with large dasycladacea and oncoids
of algal origin, the external parts of which are transformed into densely packed algal
pellets. In the corrosional cavities (only one part is visible in the photograph) cross-lam-
ination in the reddish internal sediment. Sample V—40. The side of the photograph
is 5.5 mm.

3. — wetterstein. Bioclastic GS with biodetritus frequently showing thin micritic coatings.
Cement is sparite. Sample 1108a. The side of the photograph is 6 mm.

4. — wetterstein, back-reef sands. Bioclastic GS with large pellets, some small ooids, bio-
detritus (mostly algal) and micritized bioclasts. The side of the photograph is 5.5 mm.

5. — wetterstein, reef flat. Bioclastic GS (FS—BS) composed of bioclastic detritus with lar-
ge fragments of reef-forming organisms — monocorals, sponges etc. The sparitic
groundmass bears profuse pellets of algal origin. Some larger bioclasts are coated with
tubifites or blue-green algae. Sample 1058a. The side of the photograph is 5.5 mm.

6. — wetterstein, reef flat. Corrosion cavity with several generations of A-cement, separated
by dust films. Sample 5254. The side of the photograph is 5.5 mm.

Plate 5

1 — wetterstein, reef facies, FS with largely recrystallized reef organisms, frequently coated
with blue-green algae. Interspaces are filled with micrite, bearing tiny organic detritus
(small filaments originating from filamentous algae, algal pellets). Sample 1276. The
side of the photograph is 5,5 mm.

2. — wetterstein, reef breccia, composed of angular fragments of reef rocks and fine-grained
detritus. Sample 1272, The side of the photograph is 5,5 mm.

3. — Grivska Formation. WS PS built up of densely packed pellets in a micritic to microspar-
itic mass. Sample 1828. The side the photograph is 6 mm.

4. — Grivska Formation. MS-WS with radiolarians tiny filaments and pellets, with domains
of sparitic cement and intraclast. Sample 1831a. The side of the photograph is 6 mm.

5. — Grivska Formation. Fine-grained GS with pellets and profuse tiny rounded micritic in-
traclasts and micritized bioclasts. Sample 1831b. The side of the photograph is 6 mm.

6. — Grivska Formation, par of the type section. Mali Ostres, Grivska village.

Plate 6

1 —Dachstein, back-reef sands. Bioclastic GS with small micritized intraclasts, and bio-
clasts, and larger biodetritus (algae, etc.). Chambers of the gastropod are filled with
the same biodetritus and sparry cement. The most part of fragments represents black-
pebbles (not visible in the thin section). Sample 1934a. The side of the photograph
is 6 mm.

2. — Dachstein, back-reef sands. Peletoide bioclastic GS; tiny detritus of pellets and biota,
large mollusc fragments. Sample 63-K. The side of the photograph is 7 mm.

3. — Dachstein, reef flat. Bioclastic GS with biodetritus, pellets, algae with geopetal fabric.
Grains are mostly surrounded by drusy calcite. Sample K.-32. The side of the photo-
graph is 7 mm.



4. - Dachstein, reefflat. Thick algal crust of the A-type around a recrystallized coral. Voids
of the crust filled with calcite. Around the crust perpendicular drusy calcite. Sample
K-21. Side of the photograph is 7 mm.

5. — Dachstein, reef body. BS with recrystallized reef organisms with geopetal fabric; voids
are filled with densely packed algal pellets. Sample K-120. The side of the photograph
is 7 mm.

6. — Dachstein, reef frame. Coral with completely recrystallized internal fabric and with
coating of enveloping organisms. Sample K-114. The side of the photograph is 7 mm.

Plate 7

1. — Dachstein, reef slope. GS—RS with angular fragments tiansported from the reef;
sample tiny detritus, poorly sorted. Sample K-13. The side of the photograph is 7 mm.

2. — Dachstein reef. Heterastridium. Road Sirogojno-Rozanstvo, llidza locality.
3. — Dachstein, reef frame. Coral colony. Road Sirogojno-Rozanstvo, llidza locality.
4. —llidza Formation. Bioclastic GS with pellets, plasticlasts and biodetritus (mostly frag-

ments of molluscs, algae, etc.) as black pebbles. Almost every grain bears an aureole
of incrusting calcite. Sample 1932. The side of the photograph is 6 mm.

5. —Ilidza Formation. Bioclastic GS with biodetritus mostly micritized or coated with
blue-green algae. Bioclasts mostly represent black pebbles. Sample 1932b. The side of
the photograph is 6 mm.

6. — Ilidza Formation. Interlayer of Lofer B-member. MS—WS with fenestrae and geo-
petal fabric. Sample 1936¢. The side of the photograph is 6 mm.

Plate 8

1. — carnian Lofer, member B. Loferite breccia composed of angular fragments and plastic.
lasts of micrite, pelmicrite and pelsparite. Cement is of microsparite with rare fenes-
trae. Sample 1016. The side of the photograph is 5.5 mm.

2. — carnian Lofer, member B. Loferite with laminae of micrite, pellets and characteristic
“sheet cracks”; one oncoid. Sample 1733. The side of the photograph is 6 mm.

3. — Carnian Lofer, member B. Fenestral peletal WS-PS with oncoids. Fenestrae are mostly
parallel with bedding, showing geopetal fabric. Sample 1669. The side of the photo-
graph is 6 mm.

4. — carnian Lofer, member B. Fenestral PS-GS with pellets, oncoids and numerous fenes-
trae. A— cement of fenestrae is composed of dolomite and B — cements of calcite.
Sample 1593b. The side of the photograph is 6 mm.

5. — Carnian Lofer, member C. GS with pellets, and bioclasts. Pellets are of various size,
mostly grouped in lenses. Large oncoids, in places micritized, with cores mostly of algal
clasts. Large algae are coated with a micrite film. Voids are filled with mosaic calcite,
with profuse biodetritus. Sample 1010. The side of the photograph is 5.5 mm.

6. — carnian Lofer, member C. Concentrations of oncoids. Point TU 489. Susica river.

Plate 9

1. —Norian Lofer, member B. MS—WS with tiny ostracods. Sample 1167. The side of the
photograph is 5.5 mm.

2. —Norian Lofer, member B. Algal stromatolites with geopetal fabric. Sample 1151c. The
side of the photograph is 5.5 mm.

3. — Norian Lofer, member B. Micrite ortochem. Sheet cracks filled with A and B cement
(Fisher’s “Zerra Limestone”). Sample 1670. The side of the photograph is 6 mm.

4. —Norian Lofer, member B. Loferite breccia. Susica river.



5. —Norian Lofer, member C. Rounded grains filled with calcite, most probably correspond-
ing to algae, forams, inferquent ostracods and micritized bioclasts, some pellets and
micritized ooids. Groundmass is of fine grained sparite. Sample 1667. The side of the

photograph is 6 mm.
6. —Norton Lofer, member C. Bioclastic GS. Sample 1093b. The side of the photograph

is 5.5 mm.
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Middle Miocene mangrove vegetation in
Hungary

Esther Nagy Jozsef Kokay

Hungarian Geological Institute, Budapest Hungarian Geological Institute, Budapest

This palynological study confirmed the presence of mangrove vegetation in the Hungarian Middle
Miocene. In the Miocene layers of the Paratethyan realm till now was not known this vegetation type.
The geological study of the territory and the collecting of the material was made by J Kékay and the
palynological study was made by Esther Nagy.

Keywords: Middle Miocene, mangrove vegetation, Central Paratethyan

Geological results

The Miocene layers of the Herend Basin were part of the Bakony Mountains
in Middle Hungary. The area was long time known in the geological literature.
The geological, paleontological character of this basin has been described previ-
ously by Kokay (1966).

The Herend Basin in the Early Badenian was a long bay estending westwardly
from the Bakony Mountains (Kdékay 1966). The maximum thickness of the sequence
in Herend Basin is approximately 200 m. The lowest sediment was described as
brown coal from early studies on boreholes. Successively higher strata include
brackish-water deposits, marine clays, clay marl layers, and sandy limestones.
Numerous taxa of molluscs, corals have been described from these materials (K6-
kay 1966, Heged(is 1970) from the eastern and south eastern regions of the basin.
Heged(s (1970) described the original coral fauna from the southern part of the
basin. The coral-reefs were present in a warm environment and included the
mangrove as shown from pollen grains composition of the sediments. The geol-
ogical analysis showed a southernly inclination of the basin area and thickening
of the sedimentary series (Kdkay 1966). The shoreline toward the north, described
as a low plain, may have been the site of mangrove vegetation.

Palynological results

The palynological and paleontological description of the Herend Basin (Kdkay
1966, Heged(is 1970) has given the supposition of mangrove and has been verified
from palynological studies.

The presence of mangrove has reported from the Hungarian Eocene by L. Rakosi
(1979).
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Mangrove also was found from Miocene in Catalonia (Spain), Languedoc and
Provence (France) by Bessedik (1981,1985). His material was gathered in Catalonia
from the Late Burdigalian till the Langhian (NN4-NNs), respectively from the
Middle Tortonian (NN1o-NN11), in the territory of Languedoc from the Aqui-
tanian-Burdigalian-Langhian-Serravallian and Tortonian, in Provance, respec-
tively in Rhone valley from Aquitanian - till the Messinian. Mangrove was mostly
from the Aquitanian till the Early Serravallian together with a warm, dry climate
associated with formations of coral-reefs and gypsum. In the upper part of the
Serravallian mangrove vegetation was absent (Bessedik, 1985, p. 84).

The mangrove - a tropical "salt forest” - is distributed in both hemisphere and
includes both subtropical and temperate climates (Chapman 1976). Mangrove dis-
tribution is limited in the northern hemisphere at latitude 24-32° and in the south-
ern hemisphere at latitude 37° in Australia and New-Zealand. The distribution is
associated with the direction of the ocean drifts currents (Chapman's map, 1976,
P-18 )»

In )Bessedik work (1981, p. 29) - after reference of Elhai (1968) - the mangrove
occurs on the Chatam-island on the south latitude 44°.

The genus Avicennia can be found in all mangrove vegetation (Chapman 1976.
p. 20-21, Tissot, 1980, p. 121). There are some areas where the species of Avicennia
are represent the single woody plants of the mangrove (Bessedik, 1985, p. 109). In
some region alone Avicennia are forming the mangrove (Bessedik, 1981 ,p. 290. The
fossil mangrove is represented by the presence of Avicennia pollen grains (Besse-
dik, 1981).

Relatively few fossil Avicennia pollen grains are reported in studies of Hungarian
deposits and the same were written by Bessedik (1981), Vishnu-Mittre and Guzder
(1975). In the same work Vishnu-Mittre and Guzder (l.c.) also reported on the lack
of the Rhizopora genus in recent and nearrecent mangrove by Bombay.

In our palynological study of the Hungarian Middle Miocene we studied the
following samples :

Herend 13 (He-13) 614 - 644 m Herend 47 (He"7) 80.8- 81>8 m
756 - 762m 87.0- 87.3m
103.6 - 106.6 m Band 2 720 m
1191 - 1263 m  Band 4 120- 146 m
130.4 - 1346 m 18.0- 204 m
137.6 - 1404 m 232-249m
142.2 - 1430 m 48.4 - 50.4 m
143.3 - 1444 m 62.7 - 68.1 m
161.1 - 1655 m 65.8 - 67.2m
Herend 38 (He-38) 25.2- 265m 67.2- 681 m
53.4- 550m Marko 2 27.4-30.0 m
Herend 46 (He™46) 78.0- 790m 40.6 m

Acta Gedogka Hungarica
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Table 1 The sequences of the Early Badenian in Herend Basin 1 multicolored
clay, 2. browncoal, 3. corbula clay, 4. brachyhalin clay marl, 5. Quaternary
(clay with gravel, 100ss), 6. the examined samples
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The samples except two - are very rich in palynomorphs. The data from the
samples were presented in ecological diagramms in absolute numbers. They
showed the following biotops from the seaside: the marin plankton, the mangrove
vegetation, the freshwater plants, the swamp-forest, the riparian forest, the mi-
xeddeciduous forest and the hillside forest.

The evaluation

The nine samples from borehole Herend 13 were very rich in palynomorphs.
No plankton were detected in the brown coal layer (161.1-165.1 m). The embed-
ding place of the material was in the shallow freshwater swamp, the other vege-
tation types were also present. In the riverside forest included some tree and a
rich fern assemblage. In the drier places were joined the not very dense mixed
deciduous forest and farther the hillside forest with conifers.

The microforams were a sign of transgression in samples from 142.2-144.4 m.
The swamp and the fernery disappeared. The mangrove was presented by Rhi-
zophoraceae pollen grains. The spectra of the mixed deciduous forest was rich, with
tropical, subtropical and temperate elements. The hillside forest also was wide-
spread. In the sample from 137.6-140.4 m the microforams were few, while Botryo-
coccus braunii became high in number, Cymatiosphaera salinwater and Spirogyra
freshwater algae refer to a brachihalin environment. Mangrove pollen also was
present in this and in the next sample (130.4-134.6 m). We found only 1—2 pollen
grains of Rhizophoraceae and Avicennia together microforams with Botryococcus in
the samples 61.4-126.5 m from the upper part of the sequence (Corbula clay). In
these clay-marl samples also were embedded the pollen grains of riparian, mixed
deciduous and hillside forest.

The sporomorph of two samples from the borehole Herend 38 provided an
interesting comparison. The lower sample 53.4-55.0 m contained many microfo-
rams, Pleurozonaria concinna, Hystrichosphaeride and few Botryococcus, whereas the
sample from 25.2-26.5m contained only Botryococcus braunii.

The lower sample represented amangrove, and a salty marsh. The upper sample
was from a freshwater swamp-forest and contained the pollenspectra of the other
forest types, too.

The sample from 78.0-79.0 m borehole Herend 46 contained many microforams
and some Botryococcus braunii alga colonies. They relate to seaside environment.
Some Avicennia and Rhizophoraceae pollen grains indicate the presence of man-
grove. A salty marsh can be supposed from the assemblages of Chenopodiaceae,
Salicornia, Artemisia, Polygonum persicaria pollen grains. Pollen from riparian, mixed
deciduous and hillside forest along with many subtropical and temperate elements
also were present.

Two samples were examined from borehole Herend 47. Sample 87.0-87.3 m con-
tains microforams, hystrichosphers, some Botryococcus specimens indicate brackish
water. Rhizophoraceae mangrove pollen grains also were present. Near the shoreline
was a salty marsh containing Artemisia, Chenopodiaceae and Graminea pollen grains.

Acta Geologica Hungarica
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Freshwater also was present in the area as indicated from pollen of Stratiotes,
Utricularia and a riparian forest containing Carya, Salix, Betula, Licjuidambar. Sub-
tropical, tropical ferns also were present. Farther from the shoreline in a drier
place was a deciduous forest with chiefly subtropical elements, and a hillside forest
very rich in subtropical and temperate elements.

The other component of the sample 80.8-82.3 m contained some forams and
Botryococcus, Rhizophoraceae of the mangrove, some elements of salty marsh, farther
freshwater Taxodium swamp-forest and riparian forest.The mixed deciduous forest
with many Sapotaceae pollen grains, and hillside forest were present with pollen
grains, too.

One sample from (72.5 m) the borehole Band 2 was examined. It was very rich
in palynomorphs. The Botryococcus braunii was dominant. The riverside forest was
rich in species and specimens. The mixed deciduous forest was rich in tropical
(palms, Sapotaceae, Pentapollenites), subtropical (Symplocos, Momipites) and temperate
(Platycarya, Zelkova, Elaeagnus, Celtis etc.) species. Tropical species were found
(Cycas, Dacrydium), but the subtropical elements were dominant among the tem-
perate taxa in the hillside forest.

Seven samples were examined from the borehole Band 4 (12.0-67.2 m). Micro-
forams and Botryococcus were present. Pollen grains of Avicennia, and Rhyzopora-
ceae were in the lower samples as well. They were only in the samples of 18,0-20,7
m, and 23.2-24.9 m indicated a swamp-forest. The more developed forest type was
the riparian forest with many Carya and several fern species. In the mixed deci-
duous forest were tropical elements (Sapotaceae, Buxus, palms), and subtropical and
temperate elements (Ostrya, Carpinus etc.). In the hillside forest were many sub-
tropical (Podocarpus, Keteleeria) and some tropical species (Dacrydium, Cycas), but
mostly temperate elements.

The two samples of the borehole Marko 2 are very rich in sporomorphs. In the
lower sample (40.6 m) there were Botryococcus and Spirogyra freshwater algae and
pollen grains related to a swamp forest. There were some pollen grains of fresh-
water (Utricularia). The riparian forest was also not very rich in remnants. After
the sporomorph were many species in the mixed deciduous forest, and also in the
middle mountain hillside forest.

The upper layer (27.4-30.4 m) contained very few algal coloines of Botryococcus,
but the remnants of seawater plankton (microforams, Cymatiosphaera) also were
present. Avicennia pollen grains indicated a mangrove environment. The other
forest types indicated a subtropical environment.

The spectral remains from the boreholes show a connection between the pre-
sence of the marine plankton organism and the pollen grains of the mangrove.
There is also a connection between the freshwater plants and the Taxodium
swamp-forest (see Table 2 a.,b.).

Summarising the results the paleoenvironment was a flat shoreline of the sea
in some places with mangrove vegetation, more distant from the shoreline diffe-
rent forest type with very rich vegetation and warm, subtropical cimate. The
picture be suitable for the statement, that in the whole Neogene was the richest
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Table 2/a. The ecological distribution of the palynomorphs
I.clay, 2. clay marl, 3. browncoal, 0.5cm=10 pieces
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Table 2/b. The ecological distribution of the palynomorphs
1 clay, 2. clay marl, 3. browncoal, 0.5 cm=10 pieces
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vegetation in the Early Badenian (see Plates 1-V) in our research field in the
Central Paratethyan realm.
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Plate

Mikroforaminifera Herend 47, 87.0-87.3 m 500x

Hidasia sp. Band 4, 62.7-64.8 m

Spirogyra sp. Herend 46, 78.0-79.0 m

Osmundacidites primarius (Wolff 1934) Nagy 1985 ssp. primarius, Band 4, 62.7-64.8 m
Bifacialisporites nogradensis Nagy 1985, Herend 13, 61.4-64.4 m

Leiotriletes microlepioidites W. Kr. 1962, Herend 46, 78.0-79.0 m

7-8. Polypodiaceae sporites mecsekensis Nagy 1985, Marké 2, 40.6 m

The photos are magnified by 000X, only scales differing from this are indicated.
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Plate 11

1-2. Polypodiisporites potoniei Nagy 1969 Herend 13, 61.4-64.4 m

3-4. Polypodiisporites histiopteroides (W. Kr. 1962) Nagy 1973 ssp. histiopteroides Herend
47, 87.0-87.3 m

5-6. Podocarpidites macrophylliformis Nagy 1969 Band 2, 72.5 m

7. Sciadopityspollenites serratus (R. Pot. et Ven 1934) Raatz 1937 Herend 47, 87.0-87.3 m

8. Ephedripites sg. Ephedripites landenensis W. Kr. 1977 Herend 13, 75,6-76,2 m

Plate 1l

1 Pinuspollenites latisaccatus (Trev. 1967) Nagy 1985 ssp. médius Trev. 1967, Herend 38,
53.4-55 0 m

2. Cedripites balansaeformis (Nagy 1969) Nagy 1985, Band 2, 72.5 m

3-4. Pentapollenites pentangulus (Pf. 1953) W. Kr. 1958,ssp. pentangulus, Band 4,48.4-50.4 m

5. Porocolpopollenites hidasensis Nagy 1963, Band 2, 72.5 m

6. Rutacearumpollenites komloensis Nagy 1969, Herend 47, 80 0-82.3 m

7. Sabalpollenites areolatus (R. Pot. 1934) n. c. (Basionym Monocolpopollenites areolatus
R. Pot. n. c. in Thomson-Pflug 1953, p. 63), Band 2, 72.5 m

8-9. Umbelliferoipollenites tenuis Nagy 1985, Herend 46, 78.0-79.0 m

10. Diervillapollenites megaspinus Dokt.-Hreb. 1957, Band 4, 48.4-50.4 m

Plate IV

1-3.  Avicennia intermedia Griff.

4-5.  Avicennia sp.; Band 4, 67.2-68.1 m
6-7. Avicennia intermedia Griff.

8-9. Avicennia sp.; Herend 47, 80.0-82.3 m
10-11. Avicennia sp.; Herend 47, 80.0-82 3m
12-13. Avicennia intermedia Griff.

14. 15 Avicennia sp.; Band 4, 67.2 —68.1 m

Plate V

1-2. Avicennia marina (Forsk.) Vierh.
4. Avicennia marina (Forsk.) Vierh.
-6. Avicennia sp., Herend 13, 75.6-76.2 m
8. Avicennia sp., Herend 47, 80.0-82.3 m
10. Kandelia candel (L.) Druce, Rhizophoraceae
11—42. Rhizophoraceae sp., Band H, 62.2—68.1 m

13. Rhizophoraceae sp., Herend 13, 61.4-64.4 m
14-15. Rhizophoraceae sp., Herend 13, 143.9-144.4 m
16-17. Rhizophoraceae sp., Herend 47, 87.0-87.3 m
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Lithostratigraphical and sedimentological
framework of the Pannonian (s. 1) sedimentary
sequence in the Hungarian Plain (Alfold),
Eastern Hungary

Gydrgyi Juhasz
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Depositional sequences of the Pannonian (s. I) in the Hungarian Plain were accumulated in an
extensional basin forming an individual sedimentary cycle.

Sedimentation began with the deposition of shallow water basinal marls and coastal sandy con-
glomerates around preexisting islands. As a consequence of increased subsidence, turbidites accumulated
in the deepest zones. The upper part of these turbidites were probably connected to high constructional
fluvial dominated delta systems, the main ones prograding from the NW and NE directions towards
the basin.

This resulted the accumulation of the vertical assemblages of the characteristic lithofacies above
one another: prodelta, delta slope, delta front, delta plain units. The deposits of the two main delta
systems form complicated intertounging in space and time in some areas of the basin.

The principal regularities of sedimentation were obtained in the southeastern part of the basin.
Now regional correlation and interpretation were carried out in all the area of the basin. On the basis
of paleogeographic reconstruction a lot of problems could be solved and mapping of the different
lithofacies units became possible. The structural and isopach maps are based on the data of about 900
wells.

Keywords: Pannonian (s. 1), sedimentology, basin analysis, lithostratigraphy, turbidites, deltaic environ-
ment, mapping

1 Introduction

The Hungarian Plain (Alféld) lies in the central part of the Carpathian Basin,
in SE Hungary. Its area is about 40.000 km2, having the largest areal extension
among the subbasins. It is surrounded by the North Hungarian Range on the
north, the river Danube on the west and it passes the Hungarian borders towards
the south and east. Our investigations are focused on the Hungarian part of it
(Fig- 1)

The aim of this paper is to give an overview about the sedimentological and
lithostratigraphical framework of the Hungarian Plain, and to present the struc-
tural and isopach maps of the different lithofacial units, drawn up by the data of
about more than 900 wells.

2. Paleogeographical framework

The basement was formed by the Neoalpine evolutionary stage during Miocene
and Pliocene times, when extension occurred, characterized by normal faults and
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Fig. 1. Location and structural map of the Pannonian (s. 1) basement (after A. Jdmbor et al., MAFI, 1986)
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stike-slip faults (Horvath, 1984). In the northern part of the basin, however,
sedimentation seems to be uninterrupted since the Oligocéne. In the meantime a
differential subsidence occurred. The Neogene depression is filled with a thick
sedimentary sequence which thickness is highly variable. On the margins it is a
few hundred meter thick, in the deepest throughs, however, it can reach 7- 8000
m totally. The contour map of the Pannonian (s. 1) basement illustrates the present
geometry of the basin as well as the main depocenters. They are the Maké -H6d-
mez@vasarhely trough (1), the Békés-subbasin (2), the Derecske trough (3), and
Jaszsag subbasin (4), (Fig. 1).

After a rapid transgression, brackish water and marine sedimentation occurred.
By the end of the Badenian marine connections had been lost, and the salinity of
the inland sea reduced gradually. After a short regression and shallowing at the
end of the Sarmatian, the last sedimentary cycle began about twelve million years
ago. Deposition took place from the end of Sarmatian to Quaternary times. Since
the Sarmatian sedimentation was not continuous, in some places erosion occurred,
and Badenian sediments or pre-Neogene formations underlie the Pannonian (s.
1) succession.

3. Previous investigations

Hydrocarbon exploration provided a lot of information for developing depo-
sitional models in the last twenty-thirty years.

The first conclusions on the geological setting of the basin were made by K5-
réssy (1971). Concerning the lithostratigraphic aspects of the well-known areas,
Gajdos et al. (1983) summarized the preliminary results. The model itself was
applied in two dimensional scale. The sediments of the marginal areas were
investigated by A. Jdmbor.

The principal sedimentological regularities were drawn up by |. Bérezi, |. Bérezi
- R.L. Phillips, I. Révész, R. Mattick et al., A. Szalay-K. Szentgydrgyi, C.M. Mole-
naar and others in the last few years, based on sedimentological and seismic
stratigraphic investigations in the southeastern part of the basin.

In these days investigations of the other areas of the basin and correlation is
being made. The broader perspectives and new aspects of interpretation gave a
new impulse for further investigations. On the basis of paleogeographic recon-
struction a lot of problems could be solved, and finally mapping of the different
lithofacies units became possible.

4. Geological setting up of the Pannonian (s. 1) sequence-lithostratigraphical framework

A rapid subsidence began at the beginning of the Pannonian (s. 1) and a mor-
phologically strongly subdivided basin was formed gradually with a series of
crests and subbasins (pull-apart basins). At the first period only the area of the
deepest zones was inundated by the sea. The marginal areas and the basement
highs became flooded gradually much later. In the marginal zones sedimentation
took place in a wave-dominated coastal environment. In the nearshore area,
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Fig. 2. The initialmembers of the Pannonian (s. 1) sequence. 1. Basal conglomerates and sand-
stones; 2. volcanics; 3. calcareous marl; 4. marl; 5. argillaceous marl

depending on the rate of infilling, locally thinner or thicker sandstone strata were
formed intercalating with the shaly-silty sequence.

4.1. lhe initial members of the Pannonian (s. 1)

The initial members of the sequence are basinal marls settled in brackish water
in most of the examined area, except some basement highs. Around pre-existing
Miocene islands and shorelines, abrasional coastal sandy conglomerates and
coarse grained sandstones were formed (Fig. 2).

The coastal conglomerates can be found on the Algy6, Pusztaféldvar, Battonya
and Kismarja highs or crests in the southern part of the Hungarian Plain. Its
thickness never exceeds 100 m anywhere, and thins towards the highest points of
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the crests and towards the deeper zones. The examined rock samples are usually
poorly sorted, unbedded oligomict conglomerates or sandstones, sometimes with
plant fragments and gradational patterns. This succession is called Bflcés Formation.
They are overlain by calcareous marls and marls (I. Bérezi 1970, Gy.K. Juhasz 1985).

Due to tectonic events, on a very few places volcanics can be found at the base
of the Pannonian (s. 1) sequence, intercalated with the marls. This unit, called
Kecel Formation, can be found near Rizsa, Kecel, Sandorfalva and Nagykord (S.
Papp 1986; A. Nusszer -E. Balazs 1987)

At the base of the Pannonian (s 1) sequence basal marls can be found which are
widespread all over the basin, and reflect calm water, balanced depositional con-
ditions. This unit is diachronous, its formation took place as transgression con-
tinued, in consequence of differential subsidence. The basal marls are probably
the youngest in the southeastern part of the basin, where e.g. above the Battonya
high, the fauna content is of Pontian age (I. Magyar, this volume).

Its thickness varies between 20 and a few hundred meter. In the northern part
of the Hungarian Plain, in the Jaszsag subbasin, where the bay was probably
formed very early, argillaceous marls of a huge thickness accumulated. Its thick-
ness can reach 7- 800 meter here (Fig. 7).

The basal marls can have different internal structures depending on the pre-
existing morphology of the basin floor. Where the relief was steep, pebbles from
the basement can occur in the lowermost part of the sequence, (earlier called
Dorozsma Formation). In the upper parts locally thin sandstone intercalations can
appear, interpreted as distal turbidites, (earlier Vasarhely Formation).

The basal marl sequence has two main types, (Fig. 3). The succesion usually
starts with calcareous marl or marl called Tétkomlés Formation, and grades upward
into argillaceous marl, which is called Nagykor( Formation. The areal distribution
and isopach map of the calcareous marl unit can be seen on Fig. 4. On the margins,
mainly to the north, only the argillaceous marl unit is developed.

The Totkomlos Formation has different appearance depending on the depth.
On basement highs its colour is pale yellow, and contains pyritic plant fragments.
It was settled in calm, shallow water conditions. Laterally this unit shows a gradual
transition into a moderately deep facies with brown colour, and further to the
deepest zones it changes to black, and is strongly pyritic, indicating a reducing
environment.

4.2. Sandy turbidite sequence - Szolnok Formation

The basal marl unit is overlain by a thick turbidite sequence in the deep basinal
areas, called Szolnok Formation. The thickness of this lithofacial unit can exceed
1000 m in the deepest zones (1090 m in Héd-1, 1020 m in Derecske-1 well, and
can be more according to seismics), while pinches out towards the margins and
also on some basement highs (Fig. 5). The upper surface of this unit rises to the
N and W to 1500-1000 m and dips to the deeper zones to 3500 m (Fig. 6.). It
consists of the cyclic alternation of dark grey argillaceous marls, siltstone and light
grey sandstone beds. The thicker sandstone beds are composed of small rhythms.
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Fig. 3. Lithology, lithostratigraphy and lithofacies in the lower part of the Pannonian (s. 1.) se-
quence in Endréd-1 well. 1. sandstone; 2. siltstone; 3. argillaceous marl; 4. calcareous
marl



Fig. 4. Isopach map of the Tétkomlés Formation
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Fig. 5. Isopach map of the sand-rich turbidite sequence (Szolnok Formation)
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Fig. 6. Structural map at the top of Szolnok Formation ("S' marker)
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The lower part of the sequence represents distal turbidites, whereas the upper
part contains the sandstone bodies of proximal turbidites. On top and sometimes
inside the sequence slump deposits can be found, deriving from the slope. The
thickness of the marl strata, settled in calm periods, varies between 4 and 30 m.

Most of the turbidite sequence, except the deepest zones, are supposed to be
connected to the delta system, prograding from the NW direction, and partly to
those, arriving from E-NE direction. The sediments of this latter delta system
seems to be rather fine-grained or shaly according to the core samples and well-
logs except in the middle of the trough (Derecske-1 well), where supposingly
sandy turbidites were transported in a fan channel through the Derecske trough
into the Békés basin. In the Békés basin there is an iterface of these two turbidite
systems.

Sedimentary structures in this sequence show characteristic features of turbi-
dites, massive to laminated fine-grained sandstones with convolution, dish and
flame structures, Bouma sequences, clay marl intraclasts, etc. in the sandstone
strata