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Abstract:
New radiolarian data show that the Meliaticum consists mostly of Middle Jurassic siliciclastic flysch (Bathonian-Callovian
distal turbidites overlain by an Early Oxfordian coarsening upwards sequence). Triassic rocks of the oceanic Meliaticum sequence (e.g. dismembered ophiolites, Anisian red pelagic limestones, Ladinian-Cordevolian red ribbon radiolarites, Late
Triassic dark and variegated radiolarites and grey cherty limestones) form blocks, olistoliths or melanges within the Middle Jurassic turbidites and olistostromes. Early Anisian light coloured recrystallized limestones and Scythian limestones, marls and
shales of a pre-rift sequence are likewise blocks within Middle Jurassic flysch. Melanges are often present. The Meliaticum in
its type area is a Middle Jurassic to Lower Oxfordian accretionary complex. This is also the case for all other occurrences of the
Meliaticum in the Western Carpathians and Eastern Alps except for Meliaticum remnants from salinar melanges in Late Permian hypersaline rocks at the base of higher nappes, in which parts of an accretionary complex have been involved during thrusting of nappes.
The geological evolution of the Meliaticum excludes a connection of the Meliata Ocean and its slopes and outer shelves with
the Vardar Zone and originally more southernly oceans and their slopes and outer shelves. The South Tethyan oceans and their
slopes and shelves are characterized by dominantly andesitic Scythian to Ladinian volcanism and Late Triassic and Jurassic
sea-floor spreading. Theirfinalclosing was in post-Jurassic time. The Middle Anisian to Jurassic development of the Cimmerian Ocean (= Paleo-Tethys sensu SENGÖR, 1984) is identical to the development in the Meliata Ocean. Therefore, only a
connection with this ocean is possible.
Zusammenfassung:
Neue Radiolarien-Daten haben gezeigt, daß das Meliaticum überwiegend aus mitteljurassischen siliziklastischem Flysch (distale Turbidite des Bath-Callov, überlagert durch eine coarsening upwards-Folge) besteht. Triassische Gesteine der ozeanischen Meliaticum-Abfolge (tektonisch zerstückelte Ophiolite, anisische rote pelagische Kalke, ladinische bis cordevolische
rote dünnschichtige Radiolarite, obertriassische dunkle und bunte Radiolarite und graue Hornsteinkalke) sind Blöcke, Olistolithe oder Melangen innerhalb der mitteljurassischen Turbidite und Olistostrome. Unteranisische helle, rekristallisierte Kalke
und skythische Kalke, Mergel und Schiefer der pre-Rift-Abfolge sind ebenfalls Blöcke innerhalb des mitteljurassischen
Flysch. Chaotische Melangen kommen häufig vor. Das Meliaticum ist in seinem Typusgebiet ein mitteljurassischer bis
unteroxfordischer Akkretionskomplex. Das ist auch in allen anderen Vorkommen von Meliaticum in den Westkarpaten und
Ostalpen der Fall außer jenen Resten von Meliaticum in Salinar-Melangen in oberpermischen Salinargesteinen an der Basis
höherer Deckeneinheiten, in die Teile des Akkrektionskomplexes während der Deckenüberschiebung gelangten.
Die geologische Evolution des Meliaticums schließt eine Verbindung des Meliata-Ozeans, seines Kontinentalabhanges und
äußeren Schelfs mit dem Vardar-Ozean und ursprünglich noch weiter südlich gelegener Ozeanbecken, deren Kontinentalabhänge sowie äußere Schelfe aus. Die südtethyalen Ozeanbecken und ihre Kontinentalabhänge und Schelfe sind durch oberskythischen bis ladinischen andesitischen Vulkanismus und obertriassisches bis jurassisches sea-floor spreading gekennzeichnet. Ihre endgültige Schließung war in nach-jurassischer Zeit. Die mittelanisische bis jurassische Entwicklung des Cimmerischen Ozeans (= Paläotethys im Sinne von SENGÖR, 1984) ist identisch mit jener des Meliata-Ozeans. Daher ist nur eine
Verbindung mit diesem Ozean möglich.
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1. Introduction
For a long time the Meliata "Series" (CEKALOVÂ, 1954) was regarded as a Late Permian to basal
Scythian unit at the base of an assumed autochthonous/parautochthonous GemericTriassic (ANDRUSOV, 1959, BYSTRICKY, 1964,1973, ILAVSKÄ,
1965, BORZA, 1966, and in BYSTRICKY, 1973,
MAHEL' et al., 1968). KOZUR & MOCK (1973 a, b)

found for the first timerichMiddle and Late Triassic conodont faunas from the slightly metamorphic Meliaticum in its Meliata type locality (Slovakia). They recognized Pelsonian to Late Triassic deep-water rocks (reddish pelagic Pelsonian
limestones, red Ladinian radiolarites, Carnian
cherty limestones, Late Norian pelagic limestones). This evidence has changed the geologic
interpretation of the "parautochthonous" Gemeric Triassic above the Meliaticum (Silica Nappe,
KOZUR & MOCK, 1973 a, b).

Dismembered ophiolites (e.g. serpentinites, pillow lavas) of Ladinian to Cordevolian age (subordinately also of Middle and Late Anisian age),
known from adjacent outcrops and other areas with
rocks of the Meliaticum, indicate the presence of
oceanic Triassic in this unit. The recognition of a
Triassic oceanic development in the Western Carpathians has totally changed the former paleogeographic and tectonic models of the Inner Western
Carpathians. The Meliata Ocean was involved in
the plate tectonic interpretation of the Western Carpathians and has played a decisive role in all paleogeographic and tectonic reconstructions in the
Western Carpathians (HORVÂTH et al., 1977, CHANNELLetal., 1979, KOZUR, 1979,1984,1989 b, 1990
b,c, 1991 a,b,KovÂcs, 1982,1984,HovoRKAetaL,
1984,

MAHEL', 1986,

KOZUR & MOCK, 1987 a,
1988). KozuR(1989b, 1990b, c, 1991 a, b), MANDL
& ONDREJICKOVÂ (1991), KOZUR & MOSTLER
(1992) and MANDL (1992) recognized remnants of
the Meliata Ocean in the Eastern Alps and KOZUR

( 1991 a, b) presented the first synthesis of the Triassic-Jurassic development of the Meliata Ocean (as
embayment of the Cimmerian Ocean) in the Western Carpathians and Eastern Alps from its opening
in the late Early Anisian until its final closing in the
Early Oxfordian.
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After the first dating by KOZUR & MOCK
(1973 a, b), the Triassic age of the oceanic sequence was confirmed in many outcrops of the
Meliaticum of the Western Carpathians (e.g.
MOCK, 1980,
JANTK et al.,

DUMITRICÄ & MELLO, 1982,

BA-

1984). Despite intensive investigations, the dominant Jurassic rocks have been dated
only by KOZUR & MOCK (1985). There are two
reasons for this late discovery of Jurassic:
(1) The rocks of the Meliaticum are predominantly soft Middle Jurassic turbidites (e. g. graded
siltstones, claystones with very few thin radiolarites). The Triassic consists of hard rocks resistant
to weathering (e.g. pillow lavas, thick radiolarite
sequences, cherty limestones). Moreover, parts of
the Triassic rocks have been exploited (astbestosbearing serpentinites of the huge Dobsinâ quarry
or quarries in Triassic pillow lavas and limestones)
and are (or were) therefore also well exposed. The
Jurassic beds are mostly poorly exposed and even
in areas with nearly exclusively Jurassic rocks,
often only a few blocks or klippen of hard Triassic
rocks are exposed and bolders of Triassic rocks
can be found (e.g. around Drzkovce W of the Meliata type area).
(2) The biostratigraphic age determinations in
the beginning were based on conodonts and in all
Jurassic rocks these stratigraphically important
fossils are missing. DUMITRICÄ & MELLO (1982),
who used radiolarians for dating rocks of the Meliaticum, did not find Jurassic radiolarians for reasons mentioned under (1).
In the past 10 years, radiolarians of the slightly
metamorphic (HP/LT metamorphosis, maximally until blueschist faciès) Meliaticum have been
studied in detail by the present authors. From
these investigations it was found that both in the
Western Carpathians and in the Eastern Alps the
Meliaticum consists of a Jurassic accretionary
complex, while Triassic rocks are always blocks
or olistoliths in Jurassic turbidites (flysch), olistostromes, or in melanges (KOZUR, 1991 a, b,
KOZUR & MOSTLER, 1992). The Meliaticum occurs also at the base of overlying nappes, mainly
as blocks in Permian hypersalinerocks at the
thrust plane of the southern Inner Western Carpathian nappes.
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According to previous mapping (BAJANIK et al.,
1984), the Meliata type area appeared to be an exception. Thick pre-rift sequences of Scythian and
Early Anisian ages were overlain by a Triassic
suboceanic sequence below thick Jurassic beds.
However, our radiolarian data have shown that the
Triassic of the Meliata type locality also consists
of large blocks and olistoliths in Bathonian to Callovian turbidites and olistostromes. Also, most occurrences of the Lower Triassic "pre-rift sequence" are in reality Middle Jurassic to Lower
Oxfordian oceanic flysch sediments of the Meliaticum and therefore belong to the oceanic sequence.
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2. Methods
1km

Radiolarians have been dissolved by fluoritic
acid from thin chert intercalation of turbidites or
from silicified turbidites. Because all investigated
rocks are slightly metamorphosed, the preservation of the radiolarians is often bad or the radiolarians cannot be dissolved from the rocks. Therefore
numerous small samples have been solved, from
which some (about 10%) contain determinable radiolarians of poor to moderate preservation.

3. Observations and results
Samples that contained determinable radiolarians are listed below. The location of the investigated outcrops is shown in fig. 1. The sampling
points of radiolarian-bearing Jurassic samples in
the Meliata type locality are shown in fig. 2.

Meliata type locality NW of Meliata
village (locality E)
Sample M 7
2-3 cm of thin gray to dark-gray radiolarite within
greenish-gray, hard, shaly-silty turbidites that contain muscovite. The radiolarian fauna is rather
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Fig. 1: Locality map around the village Meliata in Slovakia.

rich, moderately preserved. The following species
have been determined:
Archaeodictyomitra exigua BLOME
Archaeodictyomitra sp.
Canoptum ? kamoensis (MIZUTANI & KIDO)
Eoxitus sp. aff. hungaricus KOZUR
Eucyrtidellum semifactum NAGAI & MIZUTANI
Eucyrtidellum unumaense (YAO)
Praezhamoidellum convexa (YAO)
Protunuma cf. turbo MATSUOKA
Semihsuum cf. brevicostatum (OZVOLDOVÂ)
"Stichocapsa " robusta MATSUOKA
Striatojaponocapsa conexa (MATSUOKA)
"Stylocapsa oblongula " KOCHER
Age: Early Callovian.
Sample M 7 G
3 cm of thin dark gray radiolarite in greenish-gray
turbidites with thin black siliceous shale layers.
The radiolarian fauna is rather poor, moderately to
badly preserved.
Eucyrtidellum pustulatumB AUMGARTNER
Praezhamoidellum sp. aff. yaoi KOZUR
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Fig 2: Meliata type section (locality E of fig. I) with the position of the described radiolarian-bearing samples.
1 : Greenish-gray distal turbidites (shales, siltstones with few radiolarite intercalations) of Bathonian to Callovian age.
2: Proximal turbidites (shales, siltstones, sandstones, conglomerates) of Late Callovian to Early Oxfordian age.
3: Olistoliths of pelagic dark Liassic limestones within the Bathonian-Callovian turbidites.
4: Conglomeratic bodies within the proximal turbidites.
5: Larger radiolarite intercalation at the boundary between the distal and proximal turbidites.
6: Nearly matrix-free olistostrome of Carnian dark, cherty limestone olistoliths.
7: Light-gray Late Norian limestone olistoliths within the Bathonian-Callovian turbidites.
8: Red ribbon radiolarites of Ladinian age.
9: Pelagic Pelsonian reddish limestones that penetrate in numerous fissure fillings in the underlying platform carbonates.
10: White, recrystallized Early Anisian shallow-water limestones of the pre-rift sequence.

"Stichocapsa" robusta MATSUOKA
Striatojaponocapsa conexa (MATSUOKA)
Williriedellumsp.A MATSUOKA, 1983
Age: Early Callovian.
Sample M9H2
2-3 cm of thin gray radiolarite as an olistolith in
greenish-gray turbidites, with thin black siliceous
shale layers. Poorly preserved radiolarian fauna.
Striatojaponocapsa conexa (MATSUOKA)
Striatojaponocapsa plicarum ( YAO)
Williriede Hum sp. B
Age: Bathonian.
Sample M 3
Light gray radiolarite within greenish-gray, carbonate-free shaly-silty turbidites. Rich, moderately
preserved radiolarian fauna.
Archaeodictyomitra sp.
Praezhamoidellum convexum (YAO)
Praezhamoidellum sp.
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Protunuma sp.
Pseudodictyomitrellä hexagonata (HEITZER)
Semihsuum brevicostatum (OZVOLDOVÀ)
Semihsuum maxwelli (PESSAGNO)
"Stichocapsa" robustaMAJ'SVOKA
Striatojaponocapsa conexa (MATSUOKA)
Striatojaponocapsa plicarum (YAO)
"Stylocapsa oblongula" KOCHER
Diacanthocapsa cordis (KOCHER)
Williriedellumsp.A MATSUOKA, 1983
Age: Early Callovian.
Sample M 3/3
Light gray radiolarite within greenish-gray, carbonate-free shaly-silty turbidites. Rich, moderately
preserved radiolarian fauna.
Canoptum ? kamoensis (MIZUTANI & KIDO)
Eoxitus ? dhimenaensis (BAUMGARTNER)
Eucyrtidellum pustulatum (BAUMGARTNER)
Obesacapsula morroensis PESSAGNO
Ristola sp.
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Semihsuum brevicostatum (OZVOLDOVÂ)
Semihsuum maxwelli (PESSAGNO)
Semihsuum sp.
"Stichocapsa" robusta MATSUOKA
Striatojaponocapsa conexa (MATSUOKA)
"Stylocapsa oblongulcT KOCHER
Age: Early Callovian.
Sample M103 B
Basal part of dark gray, 1.30 m thick bedded radiolarites directly below the coarsening upwards
sequence. Rich, moderately preserved radiolarian
fauna.
Archaeodictyomitra rigida PESSAGNO
Archaeospongoprunum imlayi PESSAGNO
Cinguloturris carpatica DUMITRICÄ
Eoxitus ? dhimenaensis (BAUMGARTNER)
Eucyrtidellum unumaense (YAO)
Eucyrtidellum cf. ptyctum (RIEDEL & SANFILIPPO)
Quarticella ? sp.
Praewilliriedellum cf. cephalospinosum KOZUR
Pr.aezhamoidellum sp.
Pseudodictyomitrella hexagonata (HEITZER)
Ristola altissima (RÜST)
Semihsuum brevicostatum (OZVOLDOVÂ)
Semihsuum sourdoughense PESSAGNO, BLOME &
HULL

"Stichocapsa' ro&wsta MATSUOKA
Striatojaponocapsa conexa (MATSUOKA)
"Stylocapsa oblongula" KOCHER
Diacanthocapsa cordis (KOCHER)
Age : Upper half of Callovian.
Sample Me 37
The radiolarian fauna of this sample was described by KOZUR & MOCK (1985). It comes from
the top of the above mentioned 1.30 m thick radiolarite. The moderately preserved radiolarian
fauna contains the following species (in brackets
the former assignments by KOZUR & MOCK, 1985,
if they were different from the present taxonomic
assignment):
Archaeospongoprunum imlayi PESSAGNO
Cinguloturris cf. carpatica DUMITRICÄ
Pseudoeucyrtis sp. J CONTI & MARCUCCI [Eucyrtis micropora (SQUINABOL) sensu BAUMGARTNER
et al., 1980]
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Pseudoeucyrtis n. sp. [Eucyrtis n. sp.]
Hemicryptocapsa sp.
Paronaella sp. 1
Paronaella sp. 2
Podobursa cf. triacantha (FISCHLI)
Tetratrabs sp.
Tritrabs sp. 1
Tritrabs sp. 2
Urocyrtis sp.
Age: Late Callovian-Early Oxfordian.

Locality D (Meliata village,
near the Protestantic church)
SamplesMlB,MlC,MlF
Gray radiolarites, olistoliths in greenish-gray,
shaly-silty carbonate-free turbidites with manganese-oxid layers or nodules. Sequence so far regarded as Early Triassic (Werfen Beds). Very badly
preserved radiolarians, mostly undeterminable.
Praezhamoidellum sp.
Striatojaponocapsa plicarum (YAO)
Age: Bajocian-Callovian.

Locality C (Meliata village,
behind house No. 72)
Sample M 2 Dl
2 cm of thin gray radiolarites in greenish-gray,
shaly-silty carbonate-free turbidites. The sequence
was so far regarded as Early Triassic (Werfen
Beds). The radiolarians are poorly preserved. The
species are mostly undeterminable, genera partly
determinable.
Striatojaponocapsa plicarum (YAO)
Tetracapsa sp. aff. tetragona (MATSUOKA)
Age: Bathonian

Locality B (Meliata, 400 m SSE of the
Catholic church)
Sample M 13 N
Gray thin-bedded radiolarite with reddish stripes
within greenish-gray, carbonate-free shaly-silty
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turbidites, until now mapped as Lower Triassic
(Werfen Beds). Rich, but badly preserved radiolarian fauna.
Eucyrtidellum unumaense (YAO)
Lupherium ? sp. (cf. Nassellaria in NAGAI & MizuTAM,1992,pl.6,fig.5)
Praezhamoidellum cf. yaoi KOZUR
Striatojaponocapsa conexa (MATSUOKA)
"Stylocapsa oblongulcT KOCHER
Tetracapsa sp.
Age: (Early) Callovian.

Archaeodictyomitra sp.
Eoxitus hungaricus KOZUR
Eucyrtidellum unumaense (YAO)
Praezhamoidellum buekkense KOZUR
Praewilliriedellum n. sp. (= "Tricolocapsa" sp. cf.
"T. " parviporaTAN sensu YAO, 1979)
Praezhamoidellum sp.
Protunuma sp.
Pseudodictyomitrella wallacheri GRILL & KOZUR
"Stichocapsa" sp. A
Striatojaponocapsa plicarum (YAO)
Age: Late Bajocian or Early Bathonian.

Locality A (Guba, 1 km S W of the village)

Sample H-22109
Gray radiolarite in greenish-gray, carbonate-free,
shaly-silty turbidites, until now regarded as Lower
Triassic (Werfen Beds). Poorly preserved radiolarian fauna.
Eoxitus ? dhimenaensis (BAUMGARTNER)
Praezhamoidellum convexus (YAO)
"Stichocapsa" sp. B
Age: Bajocian-Callovian.

Sample G 6
Thin, gray radiolarite in gray, partly graded, carbonate-free shaly-silty turbidites, until now regarded
as Early Triassic (Werfen Beds).
Acanthocircus variabilis (SQUINABOL)
Angulobracchia sp.
A rchaeodictyomitra rigida PESS AGNO
Archicapsa sp.
Cinguloturris carpatica DUMITRICÄ
Eoxitus ? dhimenaensis (BAUMGARTNER)
Eoxitus cf. hungaricus KOZUR
Eucyrtidellum ptyctum (RIEDEL & SANFTLIPPO)
Praezhamoidellum convexus (YAO)
Protunuma cf. costata (HEITZER)
Protunuma ochiensis MATSUOKA
Protunuma ? sp. A
Semihsuum maxwelli (PESSAGNO)
Semihsuum ex gr. maxwelli (PESSAGNO)
Tetracapsa leiostraca (FOREMAN)
Spongocapsulapalmerae PESSAGNO
Striatojaponocapsa conexa (MATSUOKA)
Unuma latusicostata ( ATTA)
Age: Upper part of Callovian.

Sample H-22092
Variegated (greenish, gray and reddish) radiolarite
within greenish-gray, carbonate-free, shaly-silty
turbidites, until now regarded as Lower Triassic
(Werfen Beds). Poorly preserved radiolarian
faunafromwhich only two species could be determined.
Cinguloturris carpatica DUMITRICÄ
Striatojaponocapsa plicarum (YAO)
Age: Callovian.

4. Discussion
(1) Taxonomic problems

Locality F (Hâmor, 2 km NW of the village)
Sample H-22108
Gray radiolarite (olistolith ?) in greenish-gray, carbonate-free, shaly-silty turbidites, until now regarded as Lower Triassic (Werfen Beds). Rich,
moderately preserved radiolarian fauna.
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The Jurassic radiolarian species are in general
well defined, but some of them are junior synonyms of species established partly more than 100
years ago. Some generic assignments of the Jurassic radiolarians are problematic because the rules
of the ICZN are not followed in several cases.
Partly junior synonyms are used and partly Juras-
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sic species are assigned to genera with Cenozoic
type species that belong even to other families.
These taxonomic questions do not influence the
stratigraphie evaluation. Largely used, but incorrect generic assignments are indicated by generic
names in quotation marks. A species in quotation
marks indicates that it is a junior synonym of a formerly described species.
Only two examples are briefly discussed. Tricolocapsa HAECKEL, 1882, with the type species
T. theophrasti HAECKEL, 1887, is a Tertiary to Recent tricyrtid genus, in which the thorax is larger
then the other two segments. The abdomen is cylindrical or inverse conical. The Jurassic species,
placed by YAO (1979) into Tricolocapsa, like
"TricolocapscT plicarum YAO, display a big inflated abdomen that is by far larger than the céphalothorax. These forms do not belong to the same
family as the Cenozoic Tricolocapsa. KOZUR
(1984) introduced several genera for these forms,
like Striatojaponocapsa KOZUR and Praezhamoidellum. TAKEMURA (1986) assigned these forms
again to Tricolocapsa, disregarding the scope of
this genus defined by its Recent type species.
After this paper Tricolocapsa is again used in
most papers for Jurassic species (e.g. GORICAN,
1994) despite the fact that a genus is defined by its
type species. Only PESSAGNO et al. (1993) separated a part of the Jurassic species, erroneously assigned to Tricolocapsa HAECKEL, to the genus
Quarkus PESSAGNO, BLOME & HULL, 1993, that
is, however, a junior synonym of Praezhamoidellum KOZUR, 1984.
GORICAN (1994) regarded Eucyrtidellum pustulatum BAUMGARTNER as a junior synonym of E.
unumaense (YAO). However, in well preserved
radiolarian faunas of the Unuma echinatus Zone
(Aalenian-Bajocian) of Hungary only E. unumaense, but no E. pustulatum have been found.
In well dated Late Bathonian (NAGAI &
MIZUTANI, 1992) and younger radiolarian faunas,
U. pustulatum is common and co-occurs with U.
unumaense. Because of the considerably different appearance of E. unumaense and E. pustulatum both species are separated, as in BAUMGARTNER(1984).
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(2) Discussion of the biostratigraphic
assignments
Middle Jurassic age is easily to recognize even
in badly preserved radiolarian faunas. Only Toarcian and (Early) Oxfordian faunas are similar to
the Middle Jurassic radiolarian faunas. Often radiolarians are the only stratigraphically important
fossils present in investigated rocks (especially in
radiolarites). The exact assignment of Middle Jurassic radiolarian faunas to stages or substages is
therefore difficult, because only a part of the radiolarian faunas is well dated by other stratigraphically important fossils.
KOZUR (1984) assigned a radiolarian association of the Unuma echinatus Zone (with the index
species) from the Biikk Mts. to the Bajocian (first
evidence of Jurassic in the Biikk Mts.), because it
contains Hsuum mirabundum (PESSAGNO & WHALEN) and Lupherium officerense PESSAGNO &
WHALEN. Both species are well dated by ammonoids of the Otoites sauzei Zone (Lower part of
Middle Bajocian) in Oregon (PESSAGNO & WHALEN, 1982). BAUMGARTNER (1984) placed the Tethyan Unuma echinatus fauna into the Bathonian
(with an assumed disappearence of U echinatus at
the top of the Bathonian). GRILL & KOZUR (1986)
divided the U. echinatus Zone into two subzones
and placed the lower subzone (Lupherium officerense Subzone) in the Aalenian to the basal part of
the Middle Bajocian, and the upper Subzone
(Yaocapsa mastoidea Subzone) in the Middle and
Late Bajocian. The Bajocian age of the Unuma
echinatus fauna was confirmed by ammonoids in
the Subbetic Jurassic (Betic Cordillera, Spain)
(O'DOGHERTY et al., 1989). Surprisingly, CSONTOS et al. ( 1991 ) placed the "Tricolocapsa" plicarum (= Unuma echinatus) Zone into the BathonianCallovian. But they presented no new data for the
correlation of the radiolarian faunas with the Middle Jurassic time-scale, because in the Biikk Mts.
radiolarians are the only stratigraphie important
fossils of Jurassic age. The newest range data of
Unuma echinatus ICHIKAWA & YAO were published by GORICAN (1994). Again, an Aalenian to
Bajocian age was indicated for this stratigraphically important species.

95

Only one sample, H-22108, contains a fauna,
similar to that of the upper Unuma echinatus
Zone. Pseudodictyomitrella wallacheri, Praezhamoidellum buekkense and Praewilliriedellum n.
sp. are so far only known from the Unuma echinatus Zone. However, the zonal and subzonal index
species U. echinatus and Yaocapsa mastoidea, are
missing and well dated Early Bathonian faunas are
practically unknown. Therefore, the age of the
sample is Late Bajocian or Early Bathonian.
Within the Late Bathoian-Callovian interval
several distinct radiolarian associations are
known, but their exact correlation with the Middle
Jurassic stages and substages is still difficult. Up to
the Middle Callovian, Eucyrtidellum ptyctum is
still missing (YAMAMOTO et al., 1985), whereas
this species is common in Late Callovian and
younger faunas. This is also confirmed by BAUMGARTNER (1987), who found Mirifusus guadalupensis PESSAGNO directly above beds with Early
and Middle Callovian ammonites. E. ptyctum begins, according to GORICAN (1994), together with
M. guadalupensis, but according to BAUMGARTNER (1984, 1987) a little later than this species.
Therefore, according to all the available data, E.
ptyctum begins in the upper half of the Callovian.
A Late Callovian age for the first appearance of
this species is also confirmed by GORICAN (1994).
Sample G 6 (Guba) and M 103 B (Meliata type
locality, in the basal part of the uppermost radiolarite intercalation at the top of the turbidites)
with E. ptyctum are, therefore, not older than Late
Callovian. For sample G 6 a Late Callovian lower
age assignment is also indicated by Protunuma
ochiensis that begins nearly in that level or a little
below. A post-Callovian age is excluded by the
presence of "Stylocapsa oblongula" and Striatojaponocapsa conexa, which end at the top of the
Callovian. Moreover, all common (Early) Oxfordian guide-forms, such as Homoeoparonaella argolidensis BAUMGARTNER, Mirifusus chenodes
(RENZ), Paronaella broennimanni PESSAGNO,
Paronaella mulleri PESSAGNO, Emiluvia orea
BAUMGARTNER, Williriede Hum carpathicum DuMTTRICÄ etc. are absent. A post-Callovian age additionally is excluded by the presence of Protunuma
ochiensis, Striatojaponocapsa plicarum, Unuma
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latusicostata (all sample G 6) and "Stichocapsa"
robusta (sample M 103 B), which all end at the top
of the Callovian.
Samples without E. ptyctum and Protunuma
ochiensis, but with Obesacapsula morroensis,
"Stylocapsa oblongula", "Stichocapsa" robusta
and Cinguloturris carpatica or at least one of these
species are placed in the lower half of Callovian,
because these species are at least in Europe unknown before the Callovian. This can be only applied for radiolarian-rich samples (M 7, M 7G,
M 3, M 3/3). Poor samples with the above mentioned Callovian species, but without E. ptyctum
and P. ochiensis can be only assigned to the Callovian, because in such samples the absence of Late
Callovian species cannot be stratigraphically evaluated (samples M 13N,H22092).
Samples with Striatojaponocapsa conexa or
Tetracapsa sp. aff. tetragona and common Striatojaponocapsa plicarum, but without Callovian
guide-forms are placed in the Bathonian (sample
M2 Dl, M9 H2). Unfortunately, these samples
yielded poor or badly preserved radiolarians. For
this reason, a Callovian age cannot be totally excluded, but common S. plicarum indicates rather
Bathonian than Callovian age. Tetracapsa tetragona is restricted to a rather narrow interval within
the Bathonian, but the specimens in sample
M2 Dl are too badly preserved for exact determination.
Samples with long-ranging Middle Jurassic
species can be only assigned to the Bajocian-Callovian(samples H 22109, M IB, M IC, M IF).
The only sample, which is probably Early Oxfordian in age, was taken immediately below the
coarsening-upwards sequence. Podobursa triacantha is so far unknown from pre-Oxfordian
beds.

(3) Tectonic and paleogeographic evaluation
Most of the investigated turbidites were erroneously mapped as shallow-water Early Triassic
Werfen Beds also after recognition of the Middle
and Late Triassic oceanic sequence of the Meliaticum (BAJANÎK et al., 1984). Only the Late Callo-
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vian-Early Oxfordian radiolarites just below a
coarsening-upwards sequence were at first placed
in the Middle Carnian (KOZUR & MOCK, 1973 a,
b), but later in the Jurassic (KOZUR & MOCK,
1985). Definite Lower Triassic shallow-water
sediments (i.e. limestones, marls) with foraminifers are only rarely present (e.g. near the Catholic
church in the northeastern part of Meliata village,
KOZUR & MOCK, in prep.). They are blocks of the
pre-rift sequence within the Middle Jurassic turbidites.
Also in all other occurrences of the Meliaticum
in the Western Carpathians, the Middle Jurassic
turbidites clearly dominate and were mapped as
Early Triassic Werfen Beds by BAJANÎK et al.
(1984), as in the Meliata type area. In the Eastern
Alps, most of the sedimentary Meliaticum consists
of Middle Jurassic turbidites with a coarsening-upwards sequence at the top (KOZUR & MOSTLER,
1992). Also in this area, these slightly metamorphic turbidites have been mapped as Early Triassic
Werfen Beds, but partly as Early Paleozoic (see
historical review in KOZUR & MOSTLER, 1992).
The largely Middle Jurassic age (BathonianCallovian flysch) of the Meliaticum in the Western
Carpathians and Eastern Alps is shown in different
papers (e.g. KOZUR, 1991 a, b, KOZUR & MOSTLER,
1992, MaNDL, 1992). KovÂcs (1993), however,
totally ignored these results in a selective compilation about the connection of the Meliaticum with
other oceans toward the E-SE. He even stated that
the Kotel and Strandzha Zones have no Alpinetype Jurassic (according to his opinion similar
from the Alps to China !) because of the presence
of Early-Middle Jurassic flysch with blocks of pelagic Triassic (PEYBERNES et al., 1989). With this
„argument" he supported his view that the Meliaticum cannot be connected with the Kotel and
Strandzha Zones. But in reality the Early-Middle
Jurassic flysch of the Kotel Zone with blocks of
pelagic Triassic is an important argument for connection of the Meliaticum and its marginal parts
with the Strandzha and Kotel Zones. According to
the above mentioned „argument" of KovÄcs
(1993) the Meliaticum as the decisive unit of the
Western Carpathians and Eastern Alps would not
have an Alpine-type Jurassic !
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The connection of the Kotel and Strandzha
Zones with the Meliaticum and its slope and outer
shelf was assumed by all previous authors that
have discussed its paleogeographic position
(KOZUR&MOCK, 1987 a, 1988, TOLLMANN, 1988,
GOCHEV, 1991, KOZUR, 1991 a, b). Different opin-

ions were only expressed about the assumed root
zone. According to TOLLMANN (1988) the Kotel
Zone and the Transylvanides represent the only
remnants of the „northern belt of the Vardar
Ocean" with direct connection to the MeliataHallstatt Belt. In this case, the Kotel Zone was
rooted south of the Rhodope Belt and was overthrust more than 500 km from the south. KOZUR &
MOCK (1987 a, 1988) and KOZUR (1991 a, b) re-

garded the Kotel and Strandzha Zones as situated
originally north or northeast of the Rhodope Belt
with smaller amount of overthrust.
The correlation of the Meliaticum with oceans
in the E and SE requires a comparison of the tectonic evolution of these oceans. Two methods are
applied for these comparisons. KovÂcs (1993)
correlated selected tectonofacies without stratigraphic control, or he correlated selected identical
lithofacies of otherwise different sequences. In
both cases he did not discuss the different evolution of the oceans compared. MOCK (1987 a,
1988), TOLLMANN (1988), KOZUR (1991 a, b),
MANDL & ONDREJICKOVÂ (1991), KOZUR &
MOSTLER (1992), MANDL (1992) correlated the
Meliaticum and its marginal development by consideration of the entire geologic evolution of the
areas compared. The results of the two methods
are, of course, fundamentally different.
KovÂcs (1993) recognized two oceans, the Sicilian-Aegean Ocean and the Meliata-Maliak(Oman) Ocean. He constructed the first mentioned ocean on the base of "Late Paleozoic-Early
Mesozoic olistostromal-flysch type sequences,
extending from the Aegean domain to Sicily"
(KovÂcs, 1993, p. 340). He interpreted these sequences „as a trench complex connected to the subduction of a southerly-lying oceanic domain" and
assumed that these complexes indicate the final
stages of a closing of this ocean. One of the present
authors (H. KOZUR) has studied and dated the socalled "olistostromal-flysch type sequences" in all
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units, mentioned by KovÄcs (1993), partly in
cooperation with R. MOCK (Sicily, Greece).
Therefore, both the age and the tectonic importance of the units mentioned by KovÄcs (1993) as
a selective literature compilation can be evaluated
by our own data.
The mentioned formations of the "Late Paleozoic-Early Mesozoic olistostromal-flysch type sequences, extending from the Aegean domain to
"Sicily" sensu KovÄcs (1993) have the following
ages and characters:
The Lercara Formation of the Sicanian Paleogeographic Domain in western Sicily is a Late
Hercynian Early Permian (Kungurian = Cathedralian) flyschoid turbidite complex with some
olistoliths (CATALANO et al., 1991, 1992, KOZUR
1989 a, c, 1990 a, 1991c, 1992 a, b, 1993a,KRAiNER
et al., 1993 ). Subduction related volcanics (trench
complex sensu KovÄcs, 1993) are not present.
Only basic volcanics can be found, but their relation to the Lercara Fm. (synsedimentary or younger) is not yet clear. The overlying Olistostrome
Unit has a Roadian (basal Middle Permian Guadalupian Series) matrix (KOZUR, 1993 b ). This is not
related to a subduction trench system, but it is a
base of slope deposit in a rapidly sinking basin (extensional regime).
The Mufara Formation of the same paleogeographic domain is a Middle Carnian distal Raible
development with bedded radiolarian-bearing
cherty limestones and marls. It is neither a trench
deposit, nor related to subduction, indicating the
final stages of closing as assumed by KovÄcs
(1993). The final closing of this basin was in postSerravallian (Late Miocene) time.
The Monte Facito Formation s.str. is a predominantly siliciclastic, partly turbiditic sequence of
Olenekian age (MARSELLA et al., 1993). The Early
Olenekian is charaterized by Werfen faciès shallow-water conodonts. The Late Olenekian contains mostly pelagic conodont faunas and in the
uppermost part also radiolarians. This part of the
sequence was deposited on a steep slope of a rapidly sinking basin. There is no connection to a subduction trench complex. The Middle Triassic to
Middle Carnian part of the Monte Facito Fm. s.l.
(MARSELLA et al., 1993) contain several olisto-
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strome units and tuffitic layers. These olistostromes and the volcanics are mainly related to
strong block-faulting at the margin of a radidly
sinking basin. They do not indicate the final stage
of closing, that was in the Tertiary.
Olistostrome units and intermediate volcanism
occur in the Phyllite Unit of Crete (KRAHL et al.,
1982,1983,1986, KOZUR & KRAHL, 1987). They
are not related to the final closing of the ocean that
was in the Tertiary.
The "olistostromal flyschoid complex" of the
Karakaya Domain has Norian age (KAYA et al.,
1986, WiEDMANN et al., 1992). It is related to the
closing of an oceanic branch of the Cimmerian
Ocean (Paleo-Tethys sensu SENGÖR, 1984) because of collision of a continental block within this
ocean with the continental margin at the end of the
Triassic.
The above discussion has demonstrated that
the olistostromal-flyschoid sequences sensu KovÀcs (1993) that indicate, according to his opinion, subduction-related trench deposits in the
final stage of the closing of the Sicilian-Aegean
Ocean, have totally different ages and are in most
cases neither related to a subduction trench system, nor to the final stage of the closing of that
hypothetical ocean. Sometimes these units are
even not "olistostromal flysch type sequences" as
assumed by KovÄcs (e.g. Mufara Fm. of the Sicanian Paleogeographic Domain). Even, if all these
units of different ages from the Early Permian to
Late Triassic would be subduction-related deposits, this tectonofacies (without consideration of its
different age) would not be an evidence for its position in the same ocean, because all subducted
ancient oceans have a similar faciès in their turbidite-olistostrome complexes (e.g. in Japan, Sichote Alin, in Chukotka, in the Franciscan Melange of California, or in the Bathonian to Early
Oxfordian of the Meliaticum, to mention only a
few areas studied by two of the authors, H. KOZUR
and R. MOCK). The fact that in all these areas accretionary complexes (turbidites, olistostromes,
melanges, the olistostromal-flysch type sequences sensu KovÄcs, 1993) of Jurassic age are present, is no evidence that the Meliata Ocean was a
part of the Circum-Pacific realm.
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The Aegean-Sicilian Ocean (or branch of the
Tethys) sensu KovÂcs (1993) was never one single ocean with similar geologic history. The ocean
that extented from the Sicanian Paleogeographic
Domain through the eastern Mediterranian area
toward the east to NE Iraq and Oman (KOZUR &
KRAHL, 1987, KOZUR, 1989 c, 1990 a, 1992 a, b,
1993 a, CATALANO et al., 1991,1992) is the south-

ern branch of the Tethys well known since long
time. In the meridian of western Turkey it was situated south of the Menderes Massif with few slope
remnants in the Mamonia Complex of Cyprus.
The Karakaya Complex is an oceanic branch
north of the Ankara-Izmir Belt (and north of the
Karaburun Unit and Menderes Massif). The Menderes Massif-Pelagonicum was not perpendicularly crossed by an ocean to join the northern Tethyan Karakaya oceanic branch with the southern
branch of the Tethys as assumed by KovÄcs
(1993).
For the correlation of the Meliata Ocean with
other oceans selected lithofacies have been used
by KovÂcs (1993); the geologic evolution of the
Meliata Ocean and of the compared oceans have
not been considered. For this reason, a short summary of the most important events in the development of the Meliata Ocean must be given (for
comprehensive discussion see KOZUR, 1991 a, b).
The oceanic sea-floor spreading in the Meliaticum of the Western Carpathians and Eastern Alps
began in the upper part of Early Anisian or in the
Pelsonian. Dismembered ophiolites and pillow
lavas have Middle Anisian to Cordevolian age
(KOZUR, 1991 a, b, KOZUR & MOSTLER, 1992).
Contemporaneous sediments are red pelagic Pelsonian-Illyrian limestones and red Ladinian to
Corde volian cherts. Both types of sediments may
be free of volcanics (e.g. in the Meliata type locality) or small intercalations within pillow lavas
(mainly inter-pillow fillings, but red shales dominate among the inter-pillow sediments).
The sea-floor spreading ended at the base of the
Middle Carnian. Since this time, no volcanic activity can be observed in the entire Meliaticum.
Middle Carnian and Norian sediments consists either of variegated, often dark radiolarites, or of
cherty limestones. Shales, manganese-oxid sha-
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les, occasionally dark, bedded, pelagic limestones
characterize the Rhaetian to Bajocian interval.
The Bathonian and Callovian is characterized by
greenish-grey and grey, subordinately black,
shaly-silty distal turbidites. In the Early Oxfordian
a coarsening-up wards sequence of proximal turbidites, sandstones, conglomerates is present. The
final closing was at the end of the Early Oxfordian.
Crustal cooling after the end of the sea-floor
spreading caused subsidence on the adjacent shelves. Therefore, shallow-water platform carbonates on the outer shelf are overlain by Late Carnian to Rhaetian pelagic limestones, often Hallstatt Limestones.
The southern and northern slopes have a similar
development, but terrigenous input on the southern slope was always stronger (marly, cherty limestones instead of Hallstatt Limestones and Middle
Carnian Raibl Beds are present on the southern
slope). A passive margin sequence on the northern
slope (e.g. pelagic limestones, marls, radiolarites,
no turbidites, no olistostromes, no siliciclastic
input, no volcanics), and turbidites, olistostrome
units with sandstone olistoliths, and acidic volcanism during the Middle Jurassic on the southern
slope favour a southward-directed subduction.
The correlation with the Vardar Ocean is according to KovÂcs (1993) supported by the presence of a Triassic Diabase-Chert Formation in the
Vardar Zone. However, the radiolarian dating in
OBRADOVIC & GORICAN (1988) has been misinterpreted by KovÂcs (1993). Ladinian radiolarians
have not been found in the Diabase-Chert Fm., but
in olistoliths of the Porphyrite-Chert Formation of
the innermost Vardar Zone. In the Vardar Zone and
in marginal parts of other South Tethyan oceanic
branches, the Ladinian is characterized by a strong
acidic to intermediate, subordinately also basaltic
völcanism. In most parts of the Vardar Zone, these
volcanics are found in shallow-water carbonate
platform deposits. Only in the innermost Vardar
Zone some pelagic beds occur in this volcanicbearing Ladinian, consisting of limestones, siliceous shales and chert intercalated with acidic to
intermediate tuffs and tuffites. Ladinian radiolarians, published by OBRADOVIC & GORICAN (1988),
have been derived from such Buchenstein-type
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beds that are entirely unknown from the Meliaticum. Also in the other branches of the South Tethys, in this time pelagic or shallow-water sediments
are mostly accompanied by acidic, intermediate,
subordinately basic tuffs, tuffites or volcanics. For
instance, in the Sicanian Paleogeographic Domain of western Sicily Early Ladinian gray cherts
with thin tuffitic layers overlain by late Fassanian
to Cordevolian reddish and greenish cherty limestones and marls are known from the lower nappe
unit. Ladinian red, strongly siliceous limestones,
cherts and volcanics are known from the upper
nappe unit (Palazzo Adriano Nappe).
The Ladinian development of the Vardar Zone
is entirely different from that of the Meliata
Ocean, in which in this time oceanic sea-floor
spreading took place (expressed by large bodies of
dismembered ophiolites, pillow lavas and red
chert). If in the Vardar Zone any Ladinian pelagic
sediments are present (only in the innermost Vardar Zone), they are accompanied by acidic and
intermediate volcanics and volcanoclastics.
Beginning with the Middle Carnian, widespread basinal development started in the Vardar
Zone that differentiated in this time into basins and
carbonate platforms. Basaltic volcanism started in
that time in the basins. Mostly cherty limestones
are known from the basinal faciès, but in some
places in the innermost Vardar Zone cherts are
intercalated between the pillow lavas. From such
chert intercalations radiolarians have been determined and figured by OBRADOVIC & GORICAN
(1988). One sample contains Annulotriasocampe
baldii KOZUR (determined as Triassocampe sp.),
Spongostylus tortilis KOZUR & MOSTLER, Capnuchosphaera sp. and Vinassaspongus transitus
KOZUR & MOSTLER, a Late Carnian to Early Norian radiolarian fauna. The other sample contains
Capnodoce anapetes DeWEVER, Capnodoce sp.,
Capnuchosphaera triassca DeWEVER, Kahlerosphaera sp., Latium longulum BLOME. This is an
Early-Middle Norian fauna. What is shown in KoVÂCS (1993) as evidence for the same development in the Vardar Zone and in the Meliaticum
proves in reality a totally different Triassic development. During the time of the maximum seafloor spreading in the Meliaticum (with ophiolites,
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pillow lavas and cherts), in the Vardar Zone either
shallow-water carbonate platforms or intraplatform basins occurred, both with strong acidic to
intermediate volcanism. Since the Middle Carnian the Vardar Zone is divided into basinal development with cherty limestones, cherts and basaltic
volcanism and carbonate platforms. Just at the
time, where the basic volcanism ends in the Meliaticum, it starts in the Vardar Zone. However, the
sea-floor spreading in the narrow oceanic embayment at the northwestern end of the Tethys (Meliaticum) did not begin earlier than in the broader
oceanic domains further in the southeast.
The Jurassic developments of the Vardar Zone
and of the Meliaticum are also totally different.
Huge ophiolites are present in the Vardar Zone and
in its continuation in the southern Apuseni Mts.
that are mostly Middle Jurassic in age; overlying
radiolarites are Late Jurassic in age. But also during the Liassic a strong basaltic volcanism was
present continuing the Late Triassic basaltic volcanism. In the Meliaticum, a flysch development
with Bathonian-Callovian turbidites and an Early
Oxfordian coarsening-upwards sequence can be
observed. Whereas in the Vardar Zone the maximum of the sea-floor spreading occurred, the closing of the Meliata Ocean was in its final stage.
KovÀcs (1993) stated that KOZUR & MOCK
(1977) recognized a strong similarity between the
Meliata-Biikk development and the Vardar Zone,
whereas KOZUR (1991) excluded the connection
ot the Meliaticum with the Vardar Zone, without
giving any explanation why he changed his opinion. Seemingly, KovÀcs has not carefully read the
papers of KOZUR (1991 a, b). KOZUR & MOCK
(1977) united the Meliata and Biikk development,
because at that time the Jurassic of the Meliaticum
was unknown and therefore the character of the
Meliaticum as Jurassic accretionary complex was
unknown. Just 4 years before, KOZUR & MOCK
(1973 a, b) had for the first time recognized pelagic Middle and Late Triassic in the Meliaticum, before regarded as Late Permian to earliest Scythian;
Jurassic was first found by KOZUR & MOCK
(1985). The age of the gabbros, pillow lavas etc. of
the western Biikk Mts. was unknown in 1977 and
the age of the Meliata ophiolites was unknown as

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996

well. At this preliminary state of knowledge, a separation of the ophiolitic complexes in the Biikk
Mts. and in the Meliaticum was impossible and
therefore also the separation from the development in the Vardar Zone was not possible. KOZUR
(1991 a, b) had recognized these differences and
separated the Biikk and Meliata development (as it
is done now by all geologists, also by KovÄcs).
The Biikk development (marine Late Carboniferous, gap in the Early and Middle Permian, marine
Late Permian, predominantly limey Lower Triassic, Middle Triassic shallow-water carbonate platform with strong intermediate volcanism, Late
Triassic differentation in basinal faciès with basic
volcanism and shallow-water carbonate platform
faciès, huge amounts of Middle Jurassic ophiolites in the western and southern Biikk Mts., dated
by KOZUR, 1984, Late Jurassic radiolarites, Early
Cretaceous pre-flysch) is very similar to the developments in the Vardar Zone. Even the separation
in oceanic throughs and carbonate platforms with
the same development of both units is present both
in the Biikk Mts. and in the Vardar Zone. KOZUR
( 1991 a, b) assumed that the Biikk Mts. are either a
back-arc development of the Meliata subduction
or the continuation of the Vardar Zone (or both)
and he also stated, why the Meliaticum cannot be
the continuation of the Vardar Zone.
The second continuation of the Meliata Ocean
favoured by KovÄcs (1993) is the Maliak Ocean
in Greece (= Subpelagonicum, margin of the Pindos Ocean, ROBERTSON et al., 1991). According to
his'interpretation, all lithologie successions found
in the Meliaticum and in its slope and outer shelf
can be found in the Maliak Nappe. Also the classical Hallstatt Limestones of the Subpelagonicum
(Maliak sequences according to KovÄcs, 1993)
"have their counter parts in the classical Hallstatt
areas east of Sarajevo... containing equivalents of
most of the North Alpine Hallstatt Triassic formations" (KovÄcs, 1993). Unlike KovÄcs, who
made a selective compilation of literature data, we
(KOZUR and MOCK) have studied in detail the key
areas mentioned by KovÄcs. The same lithofacies
as in the Meliaticum and its margins are present in
the Othris area as normal for oceanic sequences
and their slopes and outer shelves. However, if
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these lithofacies are dated and their tectonic evolution is regarded, we cannot find "all lithiologic
successions" of the Meliaticum and its slope and
outer shelf as assumed without own studies by
KovÄcs (1993).
Hallstatt Limestones with the same faciès successions occur, for instance, also in Timor (Prof. L.
KRYSTYN, Vienna, pers. comm.) that was surely
not adjacent to the Meliaticum. They seemingly
reflect climatic control and can be found in different areas of the Tethys. On the outer shelf of the
Subpelagonicum, Hallstatt Limestones of Late
Olenekian to Cordevolian age are overlain by
shallow-water platform carbonates of Late Triassic age. On the outer shelf of the Meliaticum the
opposite development can be observed. Middle
Triassic (to Cordevolian or Julian) shallow-water
carbonates are overlain by Hallstatt Limestones.
The latter development is related to crustal cooling
after the end of the sea-floor spreading at the base
of the Middle Carnian. In the Southern Tethys
strong sea-floor spreading began in the Middle
Carnian and continued until the Middle Jurassic.
The beginning of the sea-floor spreading is accompanied there by shoulder uplift on the continental margins. Therefore, the pelagic sedimentation (Hallstatt Limestones) on the outer shelf was
replaced by shallow-water platform carbonates.
This can be both observed in the outer shelf deposits of the Subpelagonicum and in the Sarajevo
area, but nowhere on the outer shelf of the Meliaticum. The Hallstatt Limestone development of the
Subpelagonicum continued only in deep-water sequences, as in Epidauros. But also this unit (Asklipion Unit) is basically different from the development in the Hallstatt Zone. The sequence begins
with (Late Olenekian) Anisian andesitic lavas and
tuffs that have no equivalents in the Meliaticum
and its margin, but are characteristic for the southern Tethys. The following Anisian to Norian Hallstatt Limestones are overlain by the Adhami
Limestone, which partly also replaces the Hallstatt
Limestones. The Adhami Limestone consists of
Middle or Late Triassic to Early Jurassic calciturbidites. It is overlain byribbonradiolarites and by
Kimmeridgian ophiolite-derived breccias, conglomerates and debris flows at the base of the
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overthrusted Migdhalitsa Ophiolite. The Hallstatt
Limestones are sometimes blocks in theribbonradiolarites of Oxfordian to Kimmeridgean age.
Both the Jurassic development and the Triassic
volcanism are different from the development in
the Hallstatt Zone. Only the radiolarite in the Jurassic is comparable, but radiolarites of that age
are widespread in the entire Tethys. Moreover, the
radiolarites in the Hallstatt Zone end within the
Oxfordian and are overlain by shallow-water Late
Oxfordian and younger rocks. In Argolis, the radiolarite continues until the Kimmeridgean until
the overthrust of the ophiolites. Independent from
these differences in geologic evolution, CLIFT &
ROBERTSON (1990) presented good evidences for
the deposition of the Epidauros sequence in an
intraplatform basin within a Mesozoic carbonate
platform. This would exclude any continuation in
the Hallstatt Zone that comprises the outer shelf
and slope of the Meliata Ocean.
In the Othris Zone (Maliak Ocean sensu KoVÀCS, 1993), according to Ko VACS desisive for the
correlation with the Meliata Ocean, the geologic
evolution published by ROBERTSON et al. (1991)
could be confirmed by our investigations. This evolution is different from the evolution of the Meliata Ocean. According to these authors, LadinianCarnian shallow-water limestones are spatially associated with alkaline volcanics in the western
Othris, unlike the ophiolite-ribbon radiolarite sequence of this age (up to Corde volian) of the Meliaticum (KOZUR & RÉTI, 1986). In the eastern Othris, Late Permian to Anisian platform carbonates
are overlain by Ladinian-Carnian quartzose siliciclastics, calciturbidites and carbonate breccias unlike any development of the Meliaticum. In other
places of the Subpelagonicum, latest Scythian and
Middle Triassic volcanism is also of andesitic
composition, totally unknown in the Meliaticum,
but typical for the South Tethyan oceanic branches
from the Vardar Zone in the NE to Sicily in S W. As
in the Pindos Ocean, also in the adjacent Subpelagonicum, widespreasd oceanic sea-floor spreading took place in the Middle Carnian-Norian time,
whereas in the Meliaticum in that time and later no
more volcanic activities can be observed. In the
Othris area, basaltic lavas and pelagic sediments
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(red siliceous limestones, ribbon radiolarites with
Middle Carnian to Norian radiolarians and conodonts) are overlain by thick calciturbidites of Early
and Middle Jurassic age.
In structural higher position dismembered ophiolitic units which represent, according to
ROBERTSON et al. ( 1991 ), Late Triassic-Early Jurassic (?) oceanic crust are present in the Othris area.
According to ROBERTSON et al. (1991), oceanic
crust was formed in the Othris area also in the Jurassic. Locally (Argolis), oceanic crust was formed
until the time of their tectonic emplacement in the
Kimmeridgean, well dated by radiolarians. Neither
Late Triassic nor Jurassic ophiolites nor any basic
volcanics are known from the Meliaticum. There,
they are Middle Triassic in age. Also in other places
of the Subpelagonicum dismembered ophiolitic
sequences are present, in which the basalts have
intercalations of Late Carnian to Norian pelagic
sediments (Halobia limestones and radiolarites).
The formation of oceanic crust began therefore in
the Subpelagonicum in that moment, where it
ended in the Meliata Ocean excluding the connection of the Meliata Ocean with that part of the South
Tethys. All branches of the South Tethys, as the
Vardar Ocean, Subpelagonicum (regarded by different authors as marginal part of the Pindos Ocean
or as overthrusted parts of the Vardar Ocean) or the
Pindos Ocean, have some similarities that exclude
them as continuation of the Meliata Ocean. ( 1 ) Late
Scythian to Middle Triassic andesitic volcanism is
widely distributed, totally missing in the Meliaticum. (2) The oceanicriftingwas very strong in the
Late Triassic and Jurassic. The oceanic basins were
partly formed in the Late Triassic, and partly they
existed since the Paleozoic (Oman-Sicily Belt), but
basic volcanism or oceanic sea-floor spreading
also occurs in these areas during the Late Triassic
(beginning with the Raibl event in the Middle Carnian), Jurassic or even in the Cretaceous. In the
Meliaticum the oceanic sea-floor spreading and
any basaltic volcanism ended at the base of the
Middle Carnian. (3) Related to the Late Triassic
break-up, shoulder uplift can be observed in many
outer shelf areas of the South Tethys, where pelagic
Late Olenekian to Cordevolian Hallstatt Limestones or other pelagic deposits are overlain by
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shallow-water carbonate platforms. In the Meliaticum, the opposite development can be observed.
Crustal cooling related to the end of the sea-floor
spreading at the base of the Middle Carnian caused
subsidence on the outer shelves. Therefore, in
many outer shelf sequences carbonate platform
sediments are overlain by Hallstatt Limestones. (4)
Final closing of the ocean cannot be observed near
the Middle/Late Jurassic boundary, but it occurs by
far later, mostly in the Tertiary. In the Meliaticum
the final closing event was in the Early Oxfordian,
like in the entire Cimmerian Ocean.
The development of the Meliaticum can be only
found in the North Tethyan ocean (Paleo-Tethys
sensu SENGÖR, 1984, Cimmerian Ocean sensu
KOZUR, 1991 a, b). The final closing is near the
Middle/Late Jurassic boundary during the Cimmerian orogeny. The Middle Jurassic (? and Early
Oxfordian) is therefore, like in the Meliaticum,
characterized by flysch development that ends in a
coarsening-upwards sequence. In some areas earlier closing can be observed, if continental blocks
within the ocean collided during the subduction
with the continental margin of the ocean. Thus, the
Karakaya branch closed already at the Triassic/Jurassic boundary. A continental block is known also
within the Meliaticum (Gemericum s.str., KOZUR
& MOCK, in press).
Oceanic crust in the Cimmerian Ocean of Turkey was formed, as in the Meliaticum, until the
Cordevolian and no younger Late Triassic or Jurassic basaltic lavas or ophiolites are known (unfortunately, except the Karakaya Complex, the
stratigraphie dating in the northern Tethys of Turkey is not yet well established). However, toward
the east, theriftingbegan earlier. This could be expected, because the Cimmerian Ocean widened
toward the east, whereas the Meliata Ocean is the
northwestern embayment of the Cimmerian
Ocean. In the Meliaticum of the Western Carpathians and Eastern Alps, the oceanicriftingbegan in
the uppermost Early Anisian or in the Middle Anisian. Since this time basaltic lavas, ophiolites and
pelagic rocks are known. In the Transylvanian
nappes the first pelagic beds are known from the
uppermost Scythian, pillow lavas are known since
the basal Anisian. In the Kotel and Strandzha
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Zones most of the Early Triassic is pelagic and in
the Karakaya Complex Late Dzhulfian and Early
Changxingian pelagic limestones intercalated
with pillow lavas are present (KOZUR & KAYA,
1994). The Late Permian oceanic spreading zone
of the Cimmerian Ocean in NW Turkey continued
as a continental rift until the Eastern Alps, indicated by thick Late Permian salinar rocks with few
marine intercalation and partly with basaltic volcanism (KOZUR, 1991 a, b) after a long subaerial
interval. In some areas of the Cimmerian Ocean
(e.g. Kotel Zone in eastern Bulgaria), the pelagic
Triassic is only known from blocks within Middle
Jurassic flysch, like in the Meliaticum.
KovÂcs (1993) recognized the above mentioned development of the Cimmerian Ocean. But
because he ignored the fact that the Meliaticum is
a Middle Jurassic accretionary complex and the
oceanic Triassic is only present as blocks and olistoliths in Middle Jurassic flysch, he regarded the
correlation of the Meliaticum and its slope with
the Kotel and Strandzha Zones as an "absurdity".
His arguments are the following: ( 1 ) The remnants
of the Cimmerian Ocean in the east are separated
by continental crust from the Transylvanian nappes, which he connected like KOZUR & MOCK
(1987 a, 1988), KOZUR (1991 a, b) with the Meliaticum. (2) Sea-floor spreading continued in the
Transylvanian nappes at least until the Kimmeridgian and this means "that when the Cimmerian
Ocean was already in the stage of closure, spreading still continued in the Transylvanide domain"
(KOVÀCS, 1993, p. 345). (3) The Middle Jurassic
flysch of the Cimmerian Ocean is totally different
from the Alpine Jurassic. On this topic he wrote:
"Generally speaking, Alpine type Triassic occurs
troughout the Tethyan system as far as China....
However, the Norian (-Dogger) flysch sedimentation [of the Strandzha and Kotel Zones] already totally deviates from the Alpine Triassic (and Jurassic)" (KovÂcs, 1993, p. 345).
The remnants of the Meliata Ocean in the Western Carpathians and Eastern Alps are in their present position separated from all other oceanic belts
of the Tethys by large areas of continental crust.
These areas with continental crust came in their
present position by nappe thrusting and horizontal
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block movements. Whereas KovÂcs (1993) recognized this fact for the large continental block of
Tisia between the Meliaticum and the Vardar
Ocean (the "Maliak Ocean" of KovÂcs is additionally separated by the continental Pelagonicum), he seemingly regarded the continental crust
between the Cimmerian Ocean and the Transylvanides as an old feature. He indicated the presence
of the Carpathian arc even in his Paleozoic paleogeographic reconstructions (KovÂcs, in EBNER et
al., 1991 ), despite the fact that the Carpathian arc is
a young, largely Tertiary feature related to the subduction of the Outer Carpathians Ocean. Therefore it is easy to understand that he has difficulties
to recognize that the continental crust between the
Meliaticum and the Cimmerian Ocean is the result
of basement nappes (well known from this area)
and of lateral movement of the Moesia block. The
present position of continental crust between the
Meliaticum and all oceanic branches is no argument for exclusion of any of these connections.
Therefore, we have never used the presence of a
huge block of continental crust between the Meliaticum and the Vardar Zone as argument against
that connection. Likewise, the presence of continental crust between the Cimmerian ocean and the
Meliaticum cannot be used as an argument against
the former connection of these ancient oceanic
areas. Decisive is the comparison of the geologic
evolution of the Meliaticum and of the compared
oceans. This evolution is since the Middle Anisian
identical in the Cimmerian Ocean and in the Meliaticum (with the same time of ending of the seafloor-spreading and the same time of the final
closing), but basically different in the Vardar Zone
and in the Pindos Ocean with its Subpelagonian
margin (see above).
KOZUR & MOCK (1987 a, 1988), KOZUR (1991 a,
b) regarded the Transylvanian domain as an oceanic
triple point of the Cimmerian Ocean, one branch
continued in the Pieniny Klippen Belt, the other
branch in the Meliaticum. The Pieniny Klippen Belt
was in Jurassic time involved in the rift system of the
Penninicum that is connected with the opening of
the Atlantic. For this reason, Jurassic rifting in parts
of the Transylvanian nappes would be possible. That
part of the Transylvanian domain that has Kimme-
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ridgean pillow lavas (if really belonging to the Transylvanian domain !) surely was not connected with
the Cimmerian Ocean; but likewise surely not connected with the Meliaticum that also closed in the
Early Oxfordian. However, the Jurassic of the Transylvanian nappes is not well known and parts of the
Transylvanian development are derived from Cretaceous Wildflysch of the Bucovinian Nappe. Dogger
is only known from olistoliths. The view of KovÂcs
that "sedimentation continued throughout the Late
Triassic and Early-Middle Jurassic, without siliciclastic input" (KovÂcs, 1993, p. 345) is an attempt
of KovÂcs (1993) to find an argument against the
connection with the Cimmerian Ocean, but not the
reality. Bajocian sandy limestones and Bathonian
calcareous sandstones are described from the Transylvanian nappes by SÄNDULESCU & BERCIA (1974).
In any case, if no Middle Jurassic flysch would occur
in all Transylvanian nappes and pillow lavas of Kimmeridgian age would be present in all Transylvanian
nappes, then these nappes would neither be connected with the Cimmerian Ocean, nor with the Meliaticum. In this case, the Transylvanian nappes would
be without meaning for the correlation of the Cimmerian Ocean with the Meliaticum.
KovÂcs (1993) used the presence of Middle Jurassic flysch in the Kotel Zone as one of the three
main arguments against the connection of the Meliaticum with the Cimmerian Ocean (and especially
of the Kotel and Strandzha Zones, Strandzhidides
sensu KovÂcs, 1993). But in reality, it is the best evidence for this connection, because also the Meliaticum is characterized by Middle Jurassic flysch and
final closing near the Dogger/Malm boundary. All
the known Triassic is only present as blocks, olistoliths or in melanges of this Middle Jurassic flysch
(like in the Kotel Zone), if it is not involved in salinar melanges at the base of higher nappe units.

Acknowledgements
We thank Prof. A. ROBERTSON, Edinburgh, for
critical reading the manuscript. H. KOZUR thanks
the Deutsche Forschungsgemeinschaft for the
support of his radiolarian investigations.

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996

References
AMODEO, F., D'ARGENIO, B., KOZUR, H., MARSELLA, E. &

F. (1991): Studi stratigrafici sul Triassico e sul
Giurassico del Lagonegrese (Appennino méridionale). Paleopelagos, 1,67-70.
ANDRUSOV, D. (1959): Geolögia Ceskoslovenskych Karpât,
2,188 pp., Bratislava.
MOLISSO,

BAJANI'K, S.,

J., RICOU, L.E., & VRIELYNCK, B. (eds.): Atlas
Tethys Palaeoenvironmental Maps. Explanatory Notes,
307 pp., Paris.

DERCOURT,

IVANICKA, J.,

MELLO, J.,

PRISTAS,

J.,

REICHWALDER, P., SNOPKO, L., VOZÂR, J., VOZÂROVÂ, A.

(1984): Geologickâ mapa Slovenského rudohoria. Bratislava.
BAUMGARTNER, P.O. (1984): A Middle Jurassic -Early Cretaceous low latitude radiolarian zonation based on unitary association and age of Tethyan radiolarites. - Eclogae Geol. Helvetiae, 77,3,729-837.
BAUMGARTNER, P,O. ( 1987): Age and genesis of Tethyan Jurassic radiolarites. -Eclogae Geol. Helv, 80,3,831-879.
BORZA, K. (1966): Litologicko-petrografické Studium meliatskej série. - Geol. prâce, Sprâvy, 40,93-98.
BYSTRICKY, J. (1964): Slovensky kras. 304 pp., Bratislava.
BYSTRICKY, J. (1973): Triassic of the West Carpathians
Mts. - Guide to Excursion D, 10th Congr. CBGA,
137 pp., Bratislava.
CATALANO, R., DI STEFANO, P., GULLO, M. & KOZUR, H.

(1990): Pseudofurnishius (Conodonta) in pelagic Late
Ladinian-Early Carnian sediments of western Sicily and
its stratigraphie and paleogeographic significance. Boll. Soc. Geol. It., 109,91-101.
CATALANO, R., DI STEFANO, P. & KOZUR, H. ( 1991 ): Permian
Circumpacific deep-water faunas from the Western Tethys (Sicily, Italy) - new evidences for the position of the
Permian Tethys. - Palaeogeogr., Palaeoclimatol., Palaeoecol., 87,1-4,75-108.
CATALANO, R., DI STEFANO, P. & KOZUR, H. (1992): New
data on the Permian and Triassic stratigraphy of western
Sicily.- N. Jb. Geol. Paläont., Abh., 184,1,25-61.
CEKALOVÄ, V. (1954): Geologicke pomery zâpadnej casti
Juhoslovenského krasu. - Geol. prâce, Sprâvy, 1,48-^9.
CHANNELL, J.E.T., D'ARGENIO, B. & HORVÂTH, F (1979):
Adria, the African promontory. - Earth Sei Rev., 15,
213-291.
CLIFT, P.D. & ROBERTSON, A.H.F. (1990): Deep-water basins within the Mesozoic carbonate platform of Argolis,
Greece. - Journ. Geol. Sei., London, 147,825-836.
CSONTOS, L., DOSZTÀLY, L. & PELIKAN, P. (1991): Radiolariâk a Bükk hegysegböl. - MÂFI Évi Jel., 1989,357-381.

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996

DUMITRICÄ, P. & MELLO, J. (1982): On the age of the Me-

liata group and the Silica Nappe radiolarites (localités
Drûkovce and BohüÜovo, Slovak Karst, CSSR). Geol. prâce, Sprâvy, 77, 17-28.
EBNER, F., KovÄcs, S. & SCHÖNLAUB, H. P. (1991): Das klassische Karbon in Österreich und Ungarn - ein Vergleich
der sedimentären fossilführenden Vorkommen. - Jubiläumsschrift 20 Jahre Geologische Zusammenarbeit
Österreich-Ungarn, 1,263-294.
GOCHEV, P.M. (1991): Triassic paleogeography and Cimmerian orogeny in SE Bulgaria and on the adjacent territories. -Acta Geol. Hungarica, 34,1-2,3-14.
GORICAN, S. (1994): Jurassic and Cretaceous radiolarian biostratigraphy and sedimentary evolution of the Budva
Zone (Dinarides, Montenegro). - Mém. Géologie, 18,
120 pp.
GRILL, J. & KOZUR, H. (1986): The first evidence of the
Unuma echinatus radiolarian zone in the Rudabânya
Mts. (northern Hungary). - Geol. Paläont. Mitt. Innsbruck,, 13,11,239-256.
GULLO, M. & KOZUR, H. (1991): Taxonomy, stratigraphie

and paleogeographic significance of the Late Ladinian Early Carnian conodont genus Pseudofurnishius. - Palaeontographica, Abt. A, 218,1-3,69-86.
HORVÂTH, F., VÖRÖS,A. &ONUOHA, K.M. (1977): Plate tectonics of the western Carpato-Pannonian region: A working hypothesis. -Acta Geol. Acad. Sei. Hungar., 21, 4,
207-221.
HOVORKA, D, JAROS, J., KRATOCHVIL, M. & MOCK, R.

( 1984): The Mesozoic ophiolites of the Western Carpathians.-Krystal., 17,143-147.
ILAVSKA, Z. (1965): K otâzke veku meliatskej série. - Spr.
Geol. Vysk., 1964,2, 31-32.
KAYA, O., WIEDMANN, J. & KOZUR, H. (1986): Preliminary
report on the stratigraphy, age and structure of the so-called Late Paleozoic and/or Triassic "mélange" or "suture
zone complex" of northwestern and western Turkey. Bull. Earth Sei., Appl. Res. Centre Hacettepe Univ., 1-16.
KovÄcs, S. (1982): Problems of the "Pannonian Median
Massif and the plate tectonic concept. Contribution
based on the distribution of Late Paleozoic-Early Mesozoic isopic zones. - Geol. Rdsch., 71,2,617-640.
KovÂcs, S. (1984): North Hungarian Triassic faciès types: A
review. - Acta Geol. Hungarica, 27,3-4,251-264.

105

KovÂcs, S. (1993): Tethys "western ends" during the Late
Paleozoic and Triassic and their possible genetic relationships. - Acta Geol. Hungarica, 35(4), 329-369.
KovÂcs, S., CSASZÂR, G., GALÂCZ, A., HAAS, J., NAGY, E. &
VÖRÖS, A. (1989): The Tisza Superunit was originally
part of the North Tethyan (European) margin. - In:
RAKÛS, M., DERCOURT, J. & NAIRN, A.E.M. (eds.): Evolution of the northern margin of Tethys, 2. - Mem. Soc.
Géol. France, N.S., 154,81-100.
KovÂcs, S. & KOZUR, H. (1980): Stratigraphische Reichweite der wichtigsten Conodonten (ohne Zahnreihenconodonten) der Mittel- und Obertrias. - Geol. Paläont.
Mitt. Innsbruck, 10,2,47-78.
KOZUR, H. (1979): Einige Probleme der geologischen Entwicklung im südlichen Teil der Inneren Westkarpaten. Geol. Paläont. Mitt. Innsbruck, 9,4,155-170.
KOZUR, H. (1984): New Radiolarian taxa from the Triassic
and Jurassic. - Geol. Paläont. Mitt. Innsbruck, 13, 2,
49-88.
KOZUR, H. (1985): The radiolarian genus Eoxitus n.gen.
from the Unuma echinatus zone (Bajocian) of northern
Hungary. - Proc. Kon., Nederl. Akad. Wetensch., Ser. B,
88,2,211-220.
KOZUR, H. (1989 a): Microfossils (conodonts, radiolarians
and ostracods) of the Permian "Lercara Formation" from
Western Sicily and their biofacial value. - 1 ° Centenario
Mem. Giuseppe Seguenza Nat. Paleont., Program, Abstracts. Field-trip book, 7, Messina.
KOZUR, H. (1989 b): Evolution of the Meliata-Hallstatt rift
and its significance for early evolution of Alps and Western Carpathians. - 28th Int. Geol. Congr., Abstracts, 2,
220, Washington.
KOZUR, H. ( 1989 c): Unter-, mittel- und oberpermische pelagische zirkumpazifische Tiefwasserfaunen in Westsizilien und ihre paläogeographische Bedeutung. - 50. Jahrestagung Paläontologische Gesellschaft. Programm, Zusammenfassungen, Teilnehmer, 51, Bonn.
KOZUR, H. (1990 a): Deep-water Permian in Sicily and its
possible connection with the Himalaya-Tibet region. V. Himalaya-Tibet Karakorum Workshop, 27, Milano.
KOZUR, H. (1990 b): The evolution of the Meliata Ocean
and its importance for the Early Mesozoic evolution of
the Western Carpathians and Eastern Alps. - In: Alpine
tectonic evolution of the Pannonian Basin and surrounding mountains. - International Workshop Balatonszabadi, Hungary, 11-17 September, 1990, 16—18,
Budapest.

106

H. (1990 c): Die Evolution des Meliata-HallstattOzeans - Kimmerische Orogenèse in den Westkarpaten
und Ostalpen? - TSK III, 3. Symposium für Tektonik,
Strukturgeologie, Kristallingeologie im deutschsprachigen Raum, Kurzfassungen der Vorträge und Poster,
122-125, Graz.

KOZUR,

KOZUR, H.

( 1991 a): The geological evolution at the western
end of the Cimmerian Ocean in the Western Carpathians
and Eastern Alps. - Zbl. Geol. Paläont., Teil'1,1991, 1,
99-121.
KOZUR, H. (1991 b): The evolution of the Meliata-Hallstatt
ocean and its significance for the early evolution of the
Eastern Alps and Western Carpathians. - Palaeogeogr.,
Palaeoclimatol.Palaeoecol.,87,1-4, 109-135.
KOZUR, H. (1991 c): Biostratigraphic and paleoecologic
studies in the Permian of Western Sicily (Italy). - The
Second International Congress on Paleoecology. Summaries of papers, 223-224, Nanjing.
KOZUR, H. (1992 a): The pelagic Permian andTriassic deepwater sequence of western Sicily and its continuation in
the Eastern Mediterranean area. - 6th Congr. Geol. Soc.
Greece and 5th Field Meeting IGCP Project No. 276,
19-20, Athens.
KOZUR, H. (1992 b): New stratigraphie, paleoecologic and

paleogeographic results in the Permian and Triassic of
the Western Tethys. - 29th Intern. Geol. Congr., Kyoto,
Japan, Abstracts, 1,117, Kyoto.
KOZUR, H. (1993 a): The paleogeographic importance of the
pelagic Permian and Triassic of Sicily. - In: Carboniferous to Jurassic Pangea, Program and Abstracts, 171, Calgary.
KOZUR, H. (1993 b): Upper Permian radiolarians from the
Sosio Valley area, western Sicily (Italy) and from the uppermost Lamar Limestone of West Texas. - J b . Geol. B.A.Bö, 1,99-123.
KOZUR, H. (1993 c): First evidence of Pseudofurnishius
(Conodonta) in the Triassic of Hungary. - Jb. Geol. B.-A.
136,4,783-793.
KOZUR, H., MAHLER, H. & SELL, J. (1993): Stratigraphie and
paleobiogeographic importance of the latest Olenekian
and Early Anisian conchostracans of Middle Europe. In:
LUCAS, S. G. & MORALES, M. (eds.): The nonmarine Triassic. - New Mexico Mus. Nat. Hist. & Sei., Bull., 3,
255-259.
KOZUR, H. & KAYA, O. (1994): First evidence of pelagic Late
Permian conodonts from NW Turkey. - N. Jb. Geol.
Paläont. Mh., 1994,6,339-347.

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996

KOZUR, H. & KRAHL, J. (1987): Erster Nachweis von Ra-

diolarien im tethyalen Perm Europas. - N. Jb. Geol.
Paläont., Abh., 174,3,357-372.
KOZUR, H. & MOCK, R. (1973 a): Die Bedeutung derTrias-

Conodonten für die Stratigraphie und Tektonik der Westkarpaten. -Geol. Paläont. Mitt. Innsbruck, 3,2,1-14.
KOZUR, H. & MOCK, R. (1973 b): Zum Alter und zur tektonischen Stellung der Meliata-Serie des Slowakischen Karstes. - Geol. Zborn., Geol. Carpathica, 24,2,365-374.
KOZUR, H. & MOCK, R. (1977): Conodonts and Holothurian
sclerites from the Upper Permian and Triassic of the
Biikk Mountains (North Hungary).-ActaMin.-Petr., 23,
1,109-126.
KOZUR, H. & MOCK, R. (1985): Erster Nachweis von Jura in
der Meliata-Einheit der südlichen Westkarpaten. - Geol.
Paläont. Mitt. Innsbruck, 13,10,223-238.
KOZUR, H. & MOCK, R. (1987 a): Deckenstrukturen im südlichen Randbereich der Westkarpaten (vorläufige Mitteilung). - Geol. Paläont. Mitt. Innsbruck, 14,6,131-155.
KOZUR, H. & MOCK, R. (1987 b): Remarks to the occurrence
of "Germanic Triassic" in the Mecsek Mts. (Southern
Hungary) and to the relations between the Germanic and
Carpathian Keuper. -Mineralia slov., 19,6,481-497.
KOZUR, H. & MOCK, R. (1988): Deckenstrukturen im südlichen Randbereich der Westkarpaten und Grundzüge der
alpidischen Entwicklung in den Karpaten. - Acta Geol.
Geogr. Univ. Comen., Geol., 44,5-100.
KOZUR, H. & MOSTLER, H. (1992): Erster paläontologischer
Nachweis von Meliaticum und Süd-Rudabanyaicum in
den Nördlichen Kalkalpen (Österreich) und ihre Beziehungen zu den Abfolgen in den Westkarpaten. - Geol.
Paläont. Mitt. Innsbruck, 18,87-129.
KOZUR, H. & RÉTI, ZS. (1986): The first paleontological evidence of the Triassic ophioütes in Hungary. - N. Jb. Geol.
Paläont. Mh., 1986,5,284-292.
KRAHL, J., EBERLE, P, EICKHOFF, J., Förster, O. & KOZUR, H.
(1982): Biostratigraphical investigations in the PhylliteQuarzite Group on Crete Island, Greece. - International
Symposium on the Hellenic Arc and Trench (H.E. A.T.),
Proc, 1,306-323, Athens.
KRAHL, J., KAUFFMANN, G., KOZUR, H., RICHTER, D., FÖR-

O. & HEINRITZI, F. (1983): Neue Daten zur Biostratigraphie und zur tektonischen Lagerung der PhyllitGruppe und der Trypali-Gruppe auf der Insel Kreta
(Griechenland). -Geol. Rdsch., 72,3,1147-1166.
STER,

KRAHL, J., KAUFFMANN, G. RICHTER, D., KOZUR, H., MÖLLER, I., FÖRSTER, O., HEINRITZI, F. & DORNSIEPEN, U.

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996

(1986): Neue Fossilfunde in der PhyHit-Gruppe Ostkretas (Griechenland). - Z . dt. geol. Ges., 137,523-536.
KRAINER, K., KOZUR, H. & MOSTLER, H. (1993): Zur Sedimentologie permischer Tiefseeablagerungen („Lercara
Formation") von Roccapalumba/Sizilien. - In: AMLER,
M.R.W. & TIETZE, K.-W. (eds.): Sediment 93, Kurzfassungen von Vorträgen und Postern. - Geologica et Palaeontologica, 27,51, Marburg 1993.
MAHEL', M. (ed.) (1986): Geologickâ stavba ceskoslovenskych Karpât. Paleoalpinske jednoty, 1, 503 pp.,
Bratislava.
MAHEL', M., BUDAI, T., CICHA, I., FUSAN, O:, HANZLÎKOVÂ,
E., CHMELIK, F, KAMENICKY, J., KORÀB, T., KUTHAN,
M., MATEJKA, A., NEMCOK, J., PI'CHA, F., RPOTH, Z.,
SENES, J., SCHEIBNER, E., STRÄNIK, Z., VASKOVSKY, I. &

ZEBERa; K. (1968): Regional geology of Czechoslovakia. Part II. The West Carpathians. 707 pp., Praha.
MANDL, G. W. (1992): Part II. Excursions. Stop No. 5/4. Location Florianikogel. - Mitt. Österr. Geol. Ges., 85,
Guidebook, 232 pp.
MANDL, G. W. & ONDREJICKOVÂ, A. (1991): Über eine triadische Tiefwasserfazies (Radiolarite, Tonschiefer) in
den Nördlichen Kalkalpen - ein Vorbericht.- Jb. Geol.
B.-A.,134,2,309-318.
MARSELLA, E., KOZUR, H. & D'ARGENIO, B. (1993): Monte
Facito Formation (Scythian-Middle Carnian). A deposit
of the ancestral Lagonegro Basin in the Southern Apennines.-Boll. Serv. Geol. Italia, 110,1991,225-248.
MOCK, R. (1980): Triassic of the West Carpathians. - In:
Guide-book, ECOSII, 129-144, Vienna-Prague.
NAGAI, H. & MIZUTANI, S. (1992): Jurassic (Bathonian) radiolarians from the Snowshoe Forasmtion, east-central
Oregon, North America. - News of Osaka Micropaleontologists, Spec. Vol., 8,47-61.
OBRADOVIC, J. & GORICAN, S. (1988): Siliceous deposits in
Yugoslavia: Occurrences, types, and ages. - In: HEIN, J.
R. & OBRADOVIC, J. (eds.): Siliceous deposits of the Tethys and Pacific regions, 51-64, New York (SpringerVerlag).
O'DOGHERTY, L., SANDOVAL, J., MARTTN-ALGARRA, A. &

P.O. (1989): Las faciès con Radiolarios
del Jurasico Subbetico (Cordillera Betica, Sur de
Espana). -Rev. Soc. Mex. Paleont., 2,1,70-77

BAUMGARTNER,

PATRULIUS, D., BLEAHU, M., ANTONESCU, E., BH, A., BOR-

DEA, S, BORDEA, J., GEORGHIAN, D., lORDAN, M.,
E., PANIN, S. POPA, E. & TOMESCU, C. (1979):
The Triassic formations of the Bihor Autochthon and
MIRÄUTÄ,

107

Codru nappe-system (Apuseni Mountains). - Hid. Triassic Colloquium of the Carpatho-Balkan Geological Association 2-7 October 1979, Guidebook to Field Trips,
32 pp., Bucharest.

ROBERTSON, A.H.F., CLIFT, P.D. DEGNAN, PJ. & JONES, G.

A. (1986): Classification of Jurassic Nasselarians (Radiolaria).- Palaeontographica, Abt. A, 195, 1-3,
29-74.
TOLLMANN, A. (1988): Neue Wege in der Ostalpengeologie
und die Beziehungen zum Ostmediterran. - Mitt. Österr.
Geol. Ges., 80,47-113.
WIEDMANN, J., KOZUR, H. & KAYA, O. (1992): Faunas and
age significance of the pre-Jurassic turbidite-olistostrome unit in the western parts of Turkey - Newsl. Stratigr., 26,2/3,133-144.
YAMAMOTO, H., MIZUTANI, S. & KAGAMI, H. (1985): Middle
Jurassic radiolarians from the Blake Bahama Basin, West
Atlantic Ocean.-Bull. Nagoya Univ. Mus., 1,25-49.
YAO, A. ( 1979): Radiolarian fauna from the Mino Belt in the
northern part of the Inuyama area, Central Japan. Part II:
Nassellaria 1. - Journ. Geosci., Osaka City Univ., 22, 2,
21-72.

(1991): Palaeogeographic and palaeotectonic evolution
of the Eastern Mediterranean Neotethys. - Palaeogeogr.,
Palaeoclimatol., Palaeoecol., 87,289-343.
SÄNDULESCU, M. & BERCIA, I. (1974): The East Carpathians.
- In: MAHEL', M.: Tectonics of the Carpathian Balkan regions, 240-253, Bratislava.
SENGÖR, A. M. C. (1984): The Cimmeride orogenic
system and the tectoncis of Eurasia - Geol. Soc. Amer.
Spec, paper, 195, 82 pp., Boulder.

Authors 'addresses:
Dr. sc. Heinz W. Kozur, Rézsii u. 83, H-1029 Budapest, Hungary;
Dr. Rudolf Mock, Karloveskâ 53, SK-84104 Bratislava ; Dr. Ladislava Ozvoldovâ, Department of Geology and Paleontology, Faculty of Natural Sciences, J.A. Comenius University, Mlynskadolina, SK-842 12 Bratislava, Slovakia.

PESSAGNO, E. A., BLOME, CH. D., MEYERHOFF HULL, D. &

Six, W. M. (1993): Jurassic Radiolaria from the Josephine ophiolite and overlying strata, Smith River subterrane (Klamath Mountains), northwestern California and
southwestern Oregon. - Micropaleontology, 39, 2,
993-166.
PEYBERNES, B., TCHOUMATCHENCO, P., DERCOURT, J., IVANOV, Z., LACHKAR, G., ROLANDO, J.P., SURMONT, T. &

J. (1989): Donées nouvelles sur les flyschs jurassiques de la zone de Luda Kamcija (Balkanides orientales, Bulgarie): conséquences paléogeographiques. C.R.Acad.Sci.,II,309,115-124.
THIERRY,

108

TAKEMURA,

Geol. Paläont. Mitt. Innsbruck, Band 21, 1996

Explanation of plates

109

Plate 1
Early Callovian radiolarians from sample M 7 of locality E (Meliata type locality).
Fig. 1 : Archaeodictyomitra exigua BLOME, X 500, rep.-no. 0546.
Fig. 2: Archaeodictyomitra sp., x 600, rep.-no. 0554.
Fig. 3: Canoptum ? kamoensis (MIZUTANI & KIDO), X 350, rep.-no. 0537.
Fig. 4: "Stylocapsa oblongula " KOCHER, X 500, rep.-no. 0535.
Fig. 5 : Eoxitus sp. aff. E. hungaricus KOZUR, x 300, rep.-no. 0551.
Fig. 6: Eucyrtidellum unumaense (YAO), X 500, rep.-no. 0534.
Fig. 7: Striatojaponocapsa conexa (MATSUOKA), X 380, rep.-no. 0548.
Fig. 8: "Stichocapsa " robusta MATSUOKA, X 280, rep.-no. 0536.
Fig. 9: Protunuma cf. turbo MATSUOKA, X 400, rep.-no. 0557.
Fig. 10: Semihsuum cf. brevicostatum (OZVOLDOVÂ), x 300, rep.-no. 0528.
Fig. 11 : Eucyrtidellum semifactum NAGAI & MIZUTANI, X 550, rep.-no. 0526.
Fig. 12: Williriedellumsp. B, x 350, rep.-no. 0533.
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Plate 2
Middle Jurassic radiolarians from distal turbidites of the Meliaticum in the type section (locality E, figs. 1-11, 14) and from
locality B (figs. 12, 13).
Fig. 1 : Cinguloturris carpatica DUMITRICÄ, X 280, rep.-no. 0183, sample M 103 B, Late Callovian.
Fig. 2: Obesacapsula morroensis PESSAGNO, X 175, rep.-no. 2805, sample M 3/3, Early Callovian.
Fig. 3 : Semihsuum brevicostatum (OZVOLDOVÂ), x 250, rep.-no. 2801, sample M 3/3, Early Callovian.
Fig. 4: Semihsuum sp., x 300, rep.-no. 2810, sample M 3/3, Early Callovian.
Fig. 5 : Indeterminable proximal part of a multicyrtid Nassellana, x 300, rep.-no. 2795,, sample M 3/3, Early Callovian.
Fig. 6: Canoptum ? kamoensis (MIZUTANI & KiDO), x 300, rep.-no. 2788, sample M 3/3, Early Callovian.
Fig. 7: Striatojaponocapsaplicarum (YAO), X 400, rep.-no. 3998, sample M 3, Early Callovian.
Fig. 8: Pseudodictyomitrella hexagonata (HEITZER), X 400, rep.-no. 4038, sample M 3, Early Callovian.
Fig. 9: Praezhamoidellum sp. aff. yaoi KOZUR, x 300, rep.-no. 4004, sample M 7 G, Early Callovian.
Fig. 10: Williriedellum sp. A MATSUOKA, 1983, x 400, rep.-no. 4006, sample M 7 G, Early Callovian.
Fig. 11 : Praezhamoidellum sp., x 350, rep.-no. 1125, sample M 3, Early Callovian.
Fig. 12: Striatojaponocapsa conexa (MATSUOKA), X 300, rep.-no. 3671, sample M 13 N, Callovian.
Fig. 13: Tetracapsa sp., x 300, rep.-no. 3670, sample M 13 N, Callovian.
Fig. 14: Williriedellum sp. B, x 300, rep.-no. 4054, sample M 9 H2, Bathonian.
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Plate 3
Late Callovian radiolarians of sample M103 B from the lower part of a 1.30 m thick radiolarite interalation at the top of the distal Callovian turbidites of the Meliata type locality (locality E).
Fig. 1 : "Stichocapsa " robusta MATSUOKA, X 330, rep.-no. 0215.
Fig. 2: Striatojaponocapsa conexa (MATSUOKA), X 390, rep.-no. 0233.
Fig. 3. Archaeospongoprunum imlayi PESSAGNO, X 240, rep.-no. 0190.
Fig. 4: Ristola altissima (RUST), x 175, rep.-no. 0186.
Fig. 5 : Diacanthocapsa cordis (KOCHER), X 500, rep.-no. 0225.
Fig. 6: Praewilliriedellumcf. cephalospinosum KOZUR, x 300, rep.-no. 0215.
Fig. 7: ArchaeodictyomitrarigidaPESSAGNO, X 350, rep.-no. 0179.
Fig. 8 : Pseudodictyomitrella hexagonata (HEITZER), X 400, rep.-no. 0180.
Fig. 9: Semihsuum sourdoughense PESSAGNO, BLOME & HULL, X 330, rep.-no. 0214.
Fig. 10: Eucyrtidellumunumaense.(YAO),x490,rep.-no.0239.
Fig. 11: "Stylocapsaoblongula"KOCHER,X500,rep.-no.0240.
Fig. 12: Praezhamoidellum sp., x 330, rep.-no. 0215.
Fig. 13 : Eucyrtidellum cf.ptyctum (RIEDEL & SANFILIPPO), X 420, rep.-no. 0185.
Fig. 14: Quarticella ? sp., x410, rep.-no. 0185.
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Plate 4
Unless otherwise noted, Late Callovian radiolarians from thin, gray radiolarite in gray, partly graded, carbonate-free shalysilty turbidites; sample G 6, locality Guba.
Fig. 1 :
Fig. 2:
Fig. 3 :
Figs. 4,5:
Fig. 6:

Acanthocircus variabilis (SQUINABOL), X 300, rep-no. 2039.
Angulobracchia sp., x 150, rep.-no. 2677.
Acanthocircus variabilis (SQUINABOL), X 300, rep-no. 2684.
Protunuma ? sp. A, x450, rep.-no. 2667; fig. 4: lateral view, fig. 5: oblique lateral-lower view.
Striatojaponocapsa plicarum (YAO), X 400, x 400, rep.-no. 1972, sample H-22108, locality F (Hâmor), Late Bajocian or Early Bathonian gray radiolarite (olistolith ?) in greenish-gray, carbonate-free, shaly-silty turbidites.
Fig. 7 : Eoxitus ? dhimenaensis (B AUMGARTNER), X 390, rep.-no. 2661.
Fig. 8 : Archaeodictyomitra rigida PESSAGNO, X 330, rep.-no. 2674.
Fig. 9:
Spongocapsulapalmerae PESSAGNO, X 290, rep.-no. 2688.
Fig. 10: Semihsuum ex gr. maxwelli (PESSAGNO), X 280, rep.-no. 2685.
Fig. 11 : Semihsuum maxwelli (PESSAGNO), X 280, rep.-no. 2670.
Fig. 12: Eoxitus cf. hungaricus Koz\jR,x 410, rep.-no. 2692.
Fig. 13: Striatojaponocapsa conexa (MATSUOKA), x 410, rep.-no. 2047.
Fig. 14: Tetracapsa leiostraca (FOREMAN), X 380, rep.-no. 2680.
Fig. 15: Eucyrtidellumptyctum (RIEDEL & SANFILIPPO), X 400, rep.-no. 2041.
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Plate 5
Archicapsa sp., x 320, rep.-no. 2699, sample G 6, locality A (Guba), Late Callovian thin, gray radiolarite in gray,
partly graded, carbonate-free shaly-silty turbidites.
Fig. 2
Protunuma cf. costata (HEITZER), X 390, rep.-no. 2683, sample G 6 (see fig. 1 ).
Fig.3
Protunumalsp.A, x 500, rep.-no. 2690, sample G 6 (seefig.1).
Fig. 4
Cinguloturris carpatica DUMITRICÄ, x 410, rep.-no. 1954, sample H-22092, locality F (Hâmor), Callovian variegated (greenish, gray and reddish) radiolarite within greenish-gray, carbonate-free, shaly-silty turbidites,
Fig. 5
Unuma latusicostata (ATTA), X 400, rep.-no. 2691, sample G 6 (seefig.1).
Fig. 6
Protunuma ochiensis MATSUOKA, X 400, rep.-no. 2659, sample G 6 (seefig.1 ).
Fig. 7
Praezhamoidellum convexus (YAO), X 390, rep.-no. 2040, sample G 6 (seefig.1).
Fig. 8
Praezhamoidellum buekkense KOZUR, x 520, rep.-no. 1971, sample H-22108, locality F (Hâmor), Late Bajocian or
Early Bathonian gray radiolarite (olistolith ?) in greenish-gray, carbonate-free, shaly-silty turbidites.
Fig. 9
Praewilliriedellum n. sp. (= "Tricolocapsa" sp. cf. "T. " parvipora TAN sensu YAO, 1979), x 550, rep.-no. 1973,
sample H-22108 (seefig.8).
Fig. 10: Praezhamoidellum sp., x 460, rep.-no. 1965, sample H-22108 (seefig.8).
Fig. 11: Pseudodictyomitrella wallacheri GRILL & KOZUR, X 580, rep.-no. 1963, sample H-22108 (seefig.8).
Fig. 12: "Stichocapsa" sp. A, x 550, rep.-no. 1960, sample H-22108 (seefig.8).
Fig. 13: „Stichocapsa" sp. B, x 420, rep.-no. 1948, sample H-22109, locality F (Hâmor), gray Middle Jurassic radiolarite in
greenish-gray, carbonate-free, shaly-silty turbidites.
Fig. 1
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Plate 6
Figs. 1,2: Lupherium ? sp. (cf. Nassellaria in NAGAI & MIZUTANI, 1992, pi. 6, fig. 5), x 290, rep.-no. 0564; fig. I : lateral view;
fig. 2: oblique lower view. Sample M 13 N, Callovian gray thin-bedded radiolarite with reddish stripes within greenish-gray, carbonate-free shaly-silty turbidites, locality B.
Fig. 3 :
Very badly preserved Striatojaponocapsa conexa (MATSUOKA), X 423, rep.-no. 0565, sample M 13 N (see fig. 1 ).
Fig. 4:
Praezhamoidellum cf. yaoi KOZUR, x 390, rep.-no. 0569, sample M 13 N (see fig. 1 ).
Fig. 5:
Eucyrtidellum unumaense (YAO), X 488, rep.-no. 0570, sample M 13 N (seefig.1).
Fig. 6:
Very badly preserved Tetracapsa sp., probably Tetracapsa tetragona (MATSUOKA), X 325, rep.-no. 4705, sample M
2 Dl, 2 cm thin gray radiolarites in greenish-gray, shaly-silty carbonate-free turbidites, locality C (Meliata village,
behind house No. 72).
Fig. 7:
Podobursa cf. triacantha (FisCHLi), x 125, sample Me 37, top of the uppermost radiolarite intercalation in the Jurassic turbidites at the boundary between the distal and proximal turbidites, Early Oxfordian, locality E (Meliata type
locality); re-figured from KOZUR & MOCK (1985).
Fig. 8:
Urocyrtis sp. (= "Syringocapsa" sp.), x 100, sample Me 37 (seefig.7).
Fig. 9:
Pseudoeucyrtis n. sp., x 170, sample Me 37 (seefig.7).
Fig. 10: Archaeospongoprunum imlayi PESSAGNO, X 130, sample Me 37 (seefig.7).
Fig. 11 : Pseudoeucyrtis sp. J CONTI & MARCUCCI, X 140, sample Me 37 (seefig.7).
Fig. 12: Tritrabs sp. 1, x 140, sample Me 37 (seefig.7).
Fig. 13: Paronaella sp. l,x 150, sample Me 37 (seefig.7).
Fig. 14: PentactinocarpusfiisiformisDUMITRICÄ, apical and antapical spine broken away, x 260, rep.-no. 2817, sample
MTP-20/12, red Ladinianribbonchert of locality E (Meliata type locality).
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