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Abstract: The Dinaridic Ophiolite Belt of western and southwestern Serbia is made of ophialites
and wide-spread mélanges containing different components up to nappe-size, now interpreted as
radiolaritic-ophiolitic trench fill in front of advancing nappes. The matrix of the components and
blocks consists mainly of fine- to partly coarse-grained, radiolaritic, ophiolitic siliciclastics, further of
shales, radiolaritic marls and rare radiolarites. Westnorthwest of Sjenica in the central Dinaridic
Ophiolite Belt occur an albite granite olistolith together with ophiolitic material, spilite olistoliths,
Late Triassic radiolaritic olistoliths, and various carbonate components. From the radiolaritic matrix,
which is in the surrounding of the albite granite olistolith, we isolated a radiolarian fauna of Middle
Jurassic age. The Middle Jurassic age of these matrix radiolarites proves directly the sedimentary
emplacement of the different blocks. The age range of the Sjenica mélange and the sedimentary
emplacement of the olistoliths in the Dinaridic Ophiolite Belt seems to be similar to the radiolaritic-
ophiolitic wildflysch in the Mirdita Ophiolite Zone of Albania to the south and the ophiolitic
mélange areas in Medvenica and Kalnik Mts. to the northwest.
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Ocean.

Introduction

The Dinaridic Ophiolite Belt (DivitrueviC 2001;
DimiTrEVIC et al. 2003; KARAMATA et al. 2000;
KaramaTa 2006) with its widespread mélange areas
is an important link within the Alpine-Dinaridic-Al-
banic-Hellenic orogenic system. The Dinaridic Ophio-
lite Belt, as northward continuation of the Mirdita
ophiolites from northern Albania into Kosovo and
Serbia through Bosnia to Croatia forms together
with the Western Hellenic ophiolites in Greece and
southern Albania a relatively continous ophiolitic belt
(= western ophiolite zone in Fig. 1 A).
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The geological history of these relatively poorly
investigated and therefore unknown mélanges is im-
portant for the understanding of the Triassic-Jurassic
paleogeography and the tectonic evolution of the
northwestern Neotethys realm. This western ophiolite
zone is controversially discussed as remnant of an in
situ oceanic basin (DIMITRUEVIC 1997; DIMITRUEVIC
& SIKOSEK 1997; DimitrueviCc et al. 2003; KARA-
MATA 2006 with references), which may correlate with
the independent Pindos Ocean between Pelagonia
(and equivalents) to the east and Apulia to the west
(e.g. RoBerTsoN & SHaLLo 2000; StamprLr et al,
2001; Diek & Frower 2003; Csontos & VOROS
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Fig. 1. A. Regional geological setting showing the external zones, the western ophiolite zone (Dinaridic, Mirdita, Hellenic
ophiolites), the internal zones (Korabi-Pelagonian Microcontinent = Pelagonian zone, Korab zone, Drina-Ivanjica Element)
and the eastern ophiolites (Vardar zone). For details, e.g. AuBOUIN 1973; SMiTh & Spray 1984: DiMiTrUEVIC 1997, 2001
CHANNELL & Kozur 1997; StamprLi et al. 2001; Karamara 2006. B. Locations of the investigated parts of the Sjenica
mélange in the central Dinaridic Ophiolite Belt area, indicated by black stars. C. Tectonic units and terranes of part of
the Balkan Peninsula in the sense of KaAramara et al. (2000) and KArRAMATA (2006). SMU = Serbian-Macedonian Unit,
MVZ = Main Vardar Zone, KBRU = Kopaonik Block and Ridge Unit, VZWB = Vardar Zone Western Belt, JB = Jadar
Block, DIE = Drina-Ivanjica Element, DOB = Dinaridic Ophiolite Belt, EBDU = East Bosnian-Durmitor Unit.
D. Northwestward view to the albite granite olistolith with the radiolaritic matrix in the surrounding (SCG 84 = sample
point),

2004; KaramAaTa 2006; StamprLl & Kozur 2006;
DiLek et al. 2005, 2007), or as ophiolite nappe
overthrusted by westward obduction in Jurassic times
from the Vardar segment (BortoLoTTi et al. 2005;
GawLick et al. 2006a, 2008; SCHLAGINTWEIT et al.
2008; Scumip et al. 2006, 2008). The Dinaridic

Ophiolite Belt of Serbia may resemble the geo-
dynamic history of the Mirdita ophiolites, where west-
ward thrusting in late Middle Jurassic times over the
Pelagonian units is newly discussed (BorToLoTTI
et al. 2004, 2005; BortoLoti & Princier 2005;
Gawiick et al. 2006a, 2008). Jurassic and ?Creta-
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ceous subduction processes, which are related to the
partial closure of the Neotethys Ocean are indicated
by trenches, filled with radiolaritic-ophiolitic alloch-
thonous material up to nappe size. Nearly contempo-
raneous tectonic overprint and incorporation of the
trench fills in the accretionary prism led to mélange
formation. Younger structural and metamorphic over-
prints as well as westward directed tectonic move-
ments led to further tectonic shortening in the ob-
ducted accretionary prism as well as in the over-
thrusted units. Due to this process the possibility of
tectonically incorporated slivers scraped off the foot-
wall, i.e. Pelagonia, should be another feature of these
meélanges (ScHMID et al. 2008). However, these com-
plex processes formed in line with the mélanges are
not understood, and are still under discussion (e.g.
Karamata 2006; GawLick et al. 2008; SCHLAGINT-
WEIT et al. 2008; Scamip et al. 2008). Important
reasons for this relatively unknown plate tectonic
arrangement during the mentioned processes are: 1) the
overprint of the area by younger tectonic movements
(Cretaceous to Neogene), 2) lack of knowledge on the
existence of a continuous oceanic suture zone, and 3)
a lack of detailed investigations of different mélanges
associated with the ophiolite suite. A direct age for
these matrix-sediments in the Dinaridic Ophiolite Belt
is missing.

In the Dinaridic Ophiolite Belt, most conspicuous
features include a Jurassic ophiolitic mélange with
large gravity slides and different olistoliths. The
emplacement of partly huge ultramafic masses is
characterized by a metamorphic sole on their base
(KArRAMATA 2006). According to DIMITRUEVIC (1997)
and DIMITRUEVIC & SIKOSEK (1997) this mélange was
deposited over Late Triassic (?platform) carbonates or
cherty hemipelagic limestones followed by a thin
succession of Early Jurassic platy limestones with
cherty nodules or by hemipelagic sedimentary rocks
of Ammonitico Rosso facies. The mélange was for-
med in the first stage by the deposition of huge olisto-
stromes with a mostly argillaceous or sandy matrix,
seldom by deposition of cherty limestones, cherty
shales or radiolarites. Triassic limestones and radio-
larites, as well as gabbros, pillow lavas, ultramafics
and radiolarites, which derived from an originally
complete ophiolitic sequence through oceanic upper-
most mantle and crust, as well as some exotic granites
(e.g. albite granite or completely mysterious blocks of
the Straza Granite with an established age of 315 Ma),
are chaotically intermixed components and olisto-
liths in the mélange (DiMITRUEVIC & DIMITRUEVIC

1973: DimiTRUEVIC 1997; KARAMATA et al. 1980;
Karamata 2006). These components were actually
interpreted as: 1) remnants of an ocean, which opened
in the Dinarides since the Middle Triassic and closed
at the end of the Late Jurassic (DIMITRUEVIC &
DimMrTrUEVIC 1973; DIMITRUEVIC 1997; KARAMATA
2006), and 2) as re-sedimented primary Triassic-
Jurassic sedimentary cover of the Drina-Ivanjica
Element (DIE — in Fig. 1C) (e.g. DIMITRUEVIC et al.
2003; KARAMATA 2006).

The beginning of the closure of this oceanic domain
in the late Early to Middle Jurassic (around 180 Ma
to 150 Ma, Karamata 2006 with references) is in-
dicated by the age of the metamorphic sole beneath
the obducted ophiolites as a first expression of
tectonic compression. This means, the formation of
the mélange with a complex history of the primary
sedimentary emplacement and the younger tectonic
incorporation of different blocks should not have
started before the Late Jurassic due to the final
closure of this ocean. A comparison with the sedi-
mentological and stratigraphic results of similar
ophiolitic mélanges in adjacent areas (e.g. in Croatia:
HarLamic et al. 1999; BABIC et al. 2002; GORICAN et
al. 1999b, 2005; or in Albania: GawLIck et al. 2005,
2006c. 2008; ScHLAGINTWEIT et al. 2008) clearly
show an incomplete information of the formation of
the mélanges of the Dinaridic Ophiolite Belt and mis-
sing information of the palacogeographic derivation
of the different clasts and ?tectonic slivers in the
mélanges. This confusing complexity of the Dinaridic
Ophiolitic Belt zones belongs to both, the lack of
biostratigraphic data of the partly radiolaritic matrix,
and the lack of detailed analysis of olistolith-com-
ponents at regional scale in the mélange areas. Only
scarce data exist from different blocks and ?tectonic
slivers in the mélange areas (e.g. KARAMATA et al.
2000; DmviTruEVIC 1997; GoriCan et al. 1999a;
DiMiTrRUEVIC et al. 2003). Different Triassic radio-
larites present as blocks in the mélange indirectly
prove a Triassic age of the oceanic crust (e.g. OBRA-
povIC & GORICAN 1988; GORICAN et al. 1999a),
whereas a Jurassic age is known so far only from
different blocks (DiMITRUEVIC et al. 2003).

The aim of this paper is to present the first results
of age analysis of the Jurassic matrix radiolarites in
the area of Sjenica (NW Serbia; Fig. 1B, D), based on
biostratigraphic data. In the surrounding of an albite
granite olistolith of Abesko Brdo (Fig. 2), radiolarites
occur as matrix of this mélange in the central
Dinaridic Ophiolite Belt. Here we present the first



296 H.-d. Gawlick

radiolaritic ophiolitic (wild)flysch (= ophiolitic mélange)

- Upper Triassic carbonates of the Dachstein carbonate platform

- Lower Jurassic shallow-water and hemipelagic limestones
Middle to Upper Jurassic radiolarites with intercalated microbreccias

E different siliceous rocks: radiolarites, cherts, silicified siltstones etc.

Fig. 2. Modified section of the Geological map of Republic Serbia 1: 50000, Prijepolje 2, (surroundings of Sjenica town,
SW Serbi; Rapovanovic et al. 2004). 1 = Site of the sample SCG 91 from the radiolarite matrix above the Triassic-
Jurassic/?Lower Cretacous tectonic window of Krs Gradac section 8 km west of Sjenica, 2 = sites of the samples SCG 84
and SCG 85 from the radiolarite matrix near the albite granite olistolith of the Abesko Brdo, 3 = sites of the samples
SCG 82 and SCG 83 from the Upper Triassic radiolaritic olistolith.

direct radiolarian dating of the argillaceous/sandy-
silty to partly radiolaritic matrix of the mélange.
Additionally, in the vicinity of the mentioned locality
we reinvestigated a Late Triassic radiolaritic block in
the ophiolite mélange (first decribed by GoriCaN et
al. 1999a) to get more precise information on the
facies and age of this block. Also the Upper Triassic
to Upper Jurassic/?Lower Cretaceous section Kr
Gradac (Figs. 2-3) is revisited.

Geological setting

Most deposits developed in the ophiolitic mélange
occur in the western and northwestern region of
Sjenica, besides Neogene limnic material (Fig. 2). In
argillaceous/sandy/silty to radiolaritic, partly sheared
matrix, sedimentary rocks occur as different clasts,
blocks and slides together with tectonic slices of
various size (dm to km), forming this mélange.
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Fig. 3. Locality of the Upper Triassic to Upper Jurassic/?Lower Cretaceous Kr§ Gradac section overthrusted by the Middle
Jurassic radiolaritic-ophiolitic mélange in ?Lower Cretaceous times. Sample SCG 91 comes from a radiolaritic-ophiolitic
fissure filling in the Upper Triassic (Rhaetian) lagoonal Dachstein Limestone (Fig. 4).

In the locality Kr§ Gradac 8 km west of Sjenica
(Fig. 2, point 1; coordinates: x 4794921, y 7414369), a
tectonic slice occurs below the Middle to early Late
Jurassic meélange.

In an old quarry of Abesko Brdo (Fig. 1D; Fig. 2,
point 2; coordinates: x 4793454, y 7416424), occurs an
olistolith with a length of 100 m, which consists of
albite granite with a narrow rim of metamorphosed
basaltic rock.

This granite which is composed of albite to oligo-
clase, quartz, and subordinate chloritized ?hornblende
is fully consistent with the plagiogranites of the ophio-
litic association, Locally, epidotization occurs at rims.
The chemical characteristics of this extremely sodic
granite (5.09 % NayO) show a high content of SiO»
(67.56 %) and very low contents of KyO (0.94 %)
and CaO (2.77 %) in relation to the Na,O contents
(KARAMATA 1958).

The investigated radiolarites surround the north-
western part of the albite granite olistolith (Fig. 1D,
Fig. 2), and are part of this widespread mapable radio-
laritic-ophiolitic mélange in the area of Sjenica
(Fig. 2). These radiolarites are part of the argilla-
ceous/sandy to silty, and partly cherty to shaly sedi-
mentary sequence with frequent and typical ophiolite
detritus. The contact of the radiolarites with the
mentioned olistolith is primary stratigraphical, but is
partly highly sheared with fracturing due to polyphase
tectonic overprints after deposition near the contact of
the olistolith. The block-in-matrix structure, formed
by a sedimentary input is primarily a sedimentary

feature which later experienced younger strong
tectonic overprint.

Along a small local road and south of the main road
(Fig. 2, point 3; coordinates: x 4793447, y 7416431)
occurs a Late Triassic radiolaritic olistolith slightly
sheared on its rim and surrounded by olistostromal
material. This olistolith consists of a 11 m thick radio-
laritic succession of reddish to greenish, bedded (beds
up to several cm thick) radiolarite partly with thin
interlayers of siliceous shales. This radiolarite con-
tains a radiolarian association of latest Carnian to late
Middle Norian age (GoriCAN et al. 1999a). The age
determination of this radiolaritic olistolith proves the
existence of an Late Triassic oceanic basin in the
provenance area of the blocks and slides in the Dina-
ridic Ophiolite Belt.

Stratigraphic results
Krs Gradac

The mélange, which occurs also in fissures in the
Upper Triassic shallow-water carbonates (equivalent
to lagoonal Dachstein Limestone), contains Middle
Triassic radiolarians (Fig. 4) beside the Jurassic radio-
larians Stylocapsa oblongula KocHer, Williriedellum
crystallinum DumiTRICA and ?Gongylothorax sp. (Fig.
4). For example in the Northern Calcareous Alps,
these radiolarians indicate a Middle to early Late
Jurassic age, W crystallinum is a typical species of
Callovian to Oxfordian cherty rocks (e.g., Suzuki et
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Fig. 4. Lower Ladinian and Middle to Upper Jurassic radiolarians from fissure fillings in Upper Triassic shallow-water lime-
stones of the radiolaritic-ophiolitic matrix of the Sjenica mélange (Kr§ Gradac, sample SCG 91). 1. Annulotriassocampe
sulovensis (Kozur & Mock, 1981) in Kozur & MosTLER, 1981. 2. Capnuchosphaera sp. 3. Poulpus sp. 4. Pseudo-
stylosphaera cf. goestlingensis (Kozur & MosTLER, 1979). 5. Triassocampe brevis (Kozur & MOSTLER, 1994). 6. Triasso-
campe sp. 1. Yeharaia cf. annulata Nakaseko & NISHIMURA, 1979. 8. ?Gongylothorax sp. 9. Styvlocapsa oblongula KOCHER,

1981. 10. Williriedellum crystallinum DumiTrICA, 1970,

al. 2001; Suzukl & GawLick 2003 b; Missoni et al.
2005). The Middle Triassic radiolarian fauna consists
of Annulotriassocampe sulovensis (Kozur & Mock
in Kozur & MOSTLER), Pseudostylosphaera cf. goest-
lingensis (Kozur & MOSTLER), Triassocampe brevis
(Kozur & MOSTLER), Yeharaia cf. annulata Naka-
SEKO & NISHIMURA, Triassocampe sp., Capnucho-
sphaera sp. and Poulpus sp. According to Kozur &
MosTLER (1994), the age of the typical Annulotriasso-
campe species like A. sulovensis ranges from middle
Fassanian to Late Triassic. The stratigraphic age range
of ¥. annulata is Early to Middle Fassanian according
to Kozur & MosTLER (1994), and Late Anisian to
Early Ladinian (Fassanian) according to SuGiyama
(1997). Capnuchosphaera sp. ranges in age from
Early Ladinian to Norian (DE WEvVER et al. 2001).
Thus, the age determination of these Triassic radio-
larian fauna is Early Ladinian (Fassanian).

The tectonic slice below the mélange (Fig. 3) is
made of the following stratigraphic sequence: upper-
most Triassic platform carbonates of the Dachstein
Formation are followed by Lower Jurassic shallow-
water carbonates and later (late Lower Jurassic) hemi-
pelagic sedimentary rocks (LEDEBUR 1941; GruBiC
1980) on top of the drowned Upper Triassic — Lower
Jurassic platform (Ammonitico Rosso facies — Kr$§
Gradac Formation in the sense of RADOVANOVIC et al.
2004). Also Middle to Late Jurassic radiolarites are
present (for comparison: Zlatar Formation, RADOVA-
NOVIC et al. 2004) as well as Middle/Upper Jurassic
to ?Lower Cretaceous shallow-water organisms in
the intercalated microbreccias (RampNoux 1969,
Rapoici¢ in Ciric 1984).

In this area (Fig. 2), also fragments from the
oceanic crust are present with overlying sediments
that had originally formed a complete ophiolitic
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sequence through oceanic uppermost mantle and
crust, beside different types of radiolarites, cherts and
silicified siltstones (e.g. GruBiC 1980; CIr1C 1984).
Our data confirm GrusiC (1980), who interpreted the
melange as overthusted over the Upper Triassic to
Upper Jurassic/?Lower Cretaceous succession of Kr
Gradac. We contrast, however, his interpretation, that
these radiolarites with the intercalated microbrec-
cias/allodapic layers should belong to the mélange,
with new biostratigraphic data by means of radio-
larians from fissures in the Upper Triassic (Rhaetian)
lagoonal Dachstein limestone. We confirm Ramp-
Noux (1969), that the Upper Triassic (Rhaetian) to
Upper Jurassic/?Lower Cretaceous sedimentary suc-
cession is a complete section with a hardground on top
of the Ammonitico rosso facies. Contrary to other sites
in the western ophiolite zone with ophiolite obduction
in the early Upper Jurassic (GAawLick et al. 2008:
SCHLAGINTWEIT et al. 2008; ScuMID et al. 2008), this
thrusting is younger and must belong to a younger
(?Lower Cretaceous; GAWLICK et al. 2006b) tectonic
event. We interpret the Upper Triassic to Upper Juras-
sic/?Lower Cretaceous succession of Krs Gradac,
therefore, as a tectonic window (Fig. 2) or as a tec-
tonically incorporated sliver scraped off the footwall
due to younger tectonic shortening.

Abesko Brdo

Westnorthwest of Sjenica in the central Dinaridic
Ophiolite Belt occurs an albite granite olistolith
together with ophiolitic material, spilite olistoliths,
Late Triassic radiolaritic olistoliths, and various very
small but still undeterminable carbonate components.
The described Middle Jurassic radiolarian assemblage
derived from a single section at Abesko Brdo (sample
SCG 84, see Figs. 1D and 2 for the location of the
sample).

In any case, considering the microfacies of the
radiolaritic sediments (see Fig. 5), it must be kept in
mind that due to mobilization and resedimentation
processes their stratigraphic classification might be
misinterpreted. However, regarding the fragility of the
subjects and the rough resolution of the radiolarian
biostratigraphy, the probability of receiving radio-
larians of substantial older stratigraphic levels seems
to be neglectable. The partly sheared, mostly grey but
partly greenish-reddish radiolaritic matrix consists of
relatively homogeneous, bioturbated and therefore not
laminated wackestones to packstones without any
older component.

Overall, 38 individual species and 4 taxa defined
on the open nomenclature from the mentioned SCG
84 sample have been determined (Fig. 6): Archaeo-
dictyomitra amabilis ATA, Archaeodictyomitra mitra
DumiTrICA, Archaeodictyomitra rigida PESSAGNO,
Archaeodictyomitra sp. B sensu WEGERER, Suzuki &
GawLIck, Dictyomitrella kamoensis Mizutant &
Kipo, Eucyrtidiellum  circumperforatum CHIARI,
MaArcucct & PrELA, Eucyrtidiellum  semifactum
(NAGAT & Mizutant), Eucyrtidiellum unumaense
dentatum BAUMGARTNER, Eucyrtidiellum unumaense
pustulatum BAUMGARTNER, Eucyrtidiellum unuma-
ense unumaense (YAO), Eucyrtidiellum unumaense
(YAO), Hsuum maxwelli PESSAGNO, Helvetocapsa cf.
matsuokai (SASHIDA), Hemicryptocapsa sp. A, Hisco-
capsa magnipora (CHIARI, Marcucct & PRELA),
Lithocampium sp. E, Parvicingula spinata (VINASSA),
Praezhamoidellum aff. buekkense Kozur, Praezha-
moidellum buekkense Kozur, Praezhamoidellum cf.
parvipora (TAN), Praezhamoidellum sp. C, Protunu-
ma lanosus OzvoLDOVA in SYKORA & OZVOLDOVA,
Protunuma ochiensis MATSUOKA, Protunuma turbo
MATSUOKA, Pseudodictyomitra cf. venusta (CHIARI,
Correse & Marcucct), Quarticella ovalis TAKE-
MURA, Spongocapsula krahsteinensis Suzuki &
GawLick in GAwLICK et al., Stichocapsa convexa
Yao, Stichocapsa japonica Yao, Striatojaponocapsa
cf. conexa (MATSUOKA, Striatojaponocapsa cf. syn-
conexa O’DOGHERTY et al., Tetracapsa himedaruma
(Ar1A), Tricolocapsa aff. fusiformis Yao, Tricolo-
capsa fusiformis Yao, Tricolocapsa sp. S sensu BAUM-
GARTNER et al., Tricolocapsa tetragona MATSUOKA,
Triversus hungaricus (Kozur), Unuma gordus HulL,
Williriedellum dierschei Suzuxki & GAWLICK in
GawLick et al., Williriedellum mareuecciae CORTESE,
and Zhamoidellum exquisitum HuLL. For taxonomy
see e.g. BAUMGARTNER et al. (1995b), Suzuki &
GAWLICK (2003 b), O’DoGHERTY et al. (2006), Suzuki
& GawLick (2009),

The Unitary Assoziation Zonation of BAUMGART-
NER et al. (1995a) is not applicable for the radiolarian
age determination. There are no overlapping age ran-
ges (U.A.-Zones) of the individual species in sample
SCG 84, e.g. Eucyrtidiellum unumaense dentatum —
U.A.-Zone 6-7, Tricolocapsa sp. S — U.A.-Zone 4-5,
Tricolocapsa tetragona — U.A.-Zone 5-5, Quarticella
ovalis — U.A.-Zone 4-4. To define their age is not
possible. Only the combination of both, the Unitary
Assoziation Zonation of BAUMGARTNER et al. (1995a)
and the revisited age ranges (e.g. SuzuKl & GAWLICK
2003a, b; BEccaro 2004, 2006; O’DOGHERTY et al.
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Fig. 5. Microfacies of the Middle Jurassic matrix of the Sjenica mélange (Abesko Brdo, sample SCG 85-2). A. Greenish-
reddish radiolarite. Relatively homogenous, not laminated radiolarian wackestone to packstone. Width of the photo
= 0.9 cm. B. Radiolarian packstone. Most radiolarians are recrystallized and filled with quartz. Only few radiolarians
are well preserved. Width of the photo = 0.5 cm.

2006; Gawrick et al. 2007; Suzuki & GAWLICK Because of the occurring Dictyomitrella kamoensis
2009) of different species forms a base for the age and Eucyrtidiellum unumaense dentatum the age of
determination. On the base of the Jurassic radiolarian  this radiolarian fauna is can roughly be determined as
zonation according to Suzuki & GawLick (2003a)the  (Bathonian) to Callovian (compare BAUMGARTNER et
age of the sample SCG 84 should be Callovian. al. 1995a). Especially Protunuma lanosus occurring
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together with the other species is characteristic for
the Callovian, e.g. for the Northern Calcareous Alps
in the Protunuma lanosus subzone of Suzukr &
GAawLICK (2003a). However, Zhamoidellum ovum as
indicative species for the Callovian and younger ages
in the Northern Calcareous Alps, is missing in the
sample SCG 84. Instead, in the sample SCG 84 were
found Tricolocapsa fusiformis, Tricolocapsa aff.
Susiformis, Striatojaponocapsa cf. conexa and Striato-
Jjaponocapsa cf. synconexa, which are characteristic
for the Striatojaponocapsa plicarum to S. conexa zone
of Japan (e.g. MATSUOKA 1983; HATAKEDA et al.
2007). Further, a radiolarian fauna comparable to
sample SCG 84 was recently described by Suzuki &
Gawrick (2009) from below the Hallstatt salt mine
in the Northern Calcareous Alps (sample BNU),
which corresponds with the boundary between the
Striatojaponocapsa plicarum and Striatojaponocapsa
conexa zones. But in contrast to sample SCG 84 the
sample BNU from the Northern Calcareous Alps con-
tains the radiolarian species Tricolocapsa fusiformis,
Striatojaponocapsa conexa, Striatojaponocapsa pli-
carum, Zhamoidellum ovum, Gongylothorax favosus
among others indicating a Lower to Middle Callovian
age.

Due to the missing of Zhamoidellum ovum and
Gongylothorax favosus in the sample SCG 84 we
suggest for this radiolarian fauna an age of (Late)
Bathonian to Early/Middle Callovian.

A second radiolarian assemblage studied here
derived from the Late Triassic radiolaritic block south
of the road Sjenica-Prijepolje (SCG 82, see Fig. 2).
Completing former stratigraphic results from this
radiolaritic olistolith (GoriCAN et al. 1999a), the
present study precises the age of the whole block.

The radiolarian sample, SCG 82, contains the fol-
lowing radiolarian taxa (Fig. 8): Canesium cf. lentum
BLomE, Capnuchosphaera cf. crassa Yen, Capnu-
chosphaera lea DE WEVER, Capnuchosphaera cf.
triassica DE WEVER, ?Ferresium sp., Nakasekoellus
cf. pessagnoi (NAKASEKO & NISHIMURA), Paronaella
cf. trammeri (Kozur & MOSTLER), Pseudostylo-
sphaera cf. japonica (NAKASEKO & NISHIMURA),
?Risella sp., Sarla cf. robusta TEKIN, Syringocapsa
turgida BLOME, Triassocampe sp., Weverella sp.,
Xiphothecaella longa (Kozur & Mock in Kozur &
MosTLER) and Xiphothecaella sp.

This bioturbated radiolarite (Fig. 7) is rich in
Capnuchosphaera, which proves an Early Carnian
to Middle Norian age (SuGiyama 1997). Capnucho-
sphaera lea DE WEVER has been known from the

Upper Carnian to Lower Norian only (TEKIN 1999).
Xiphothecaella longa (Kozur & MoSTLER) and Syrin-
gocapsa turgida BLOME, are also frequent in the
Upper Carnian to Lower Norian, but range in age to
the ?late Middle Norian (TEkIN 1999). According to
TEKRIN (1999) Capnuchosphaera crassa YEH had their
last occurrence in the Lower Norian. The age of the
assemblage is therefore Late Carnian to Early Norian.

The occurrence of Ferresium and Risella is not
consistent, because these genera are regarded to be
somewhat younger forms (Late Norian to Rhaetian).
The specimens found in sample SCG 82 would, there-
fore, be older than known so far or represent pre-
cursor forms.

In the Upper Anisian to Lower Carnian, radiolarites
are widespread not only in the oceanic realm. They
occur also in the distal shelf areas of the Neotethys
realm (Meliata facies = continental slope). This facies
belt is also characterized by Bodvalenke-type Hallstatt
successions, which occur also as slide blocks in the
mélange, with reddish, cherty limestones to red cherts
in the Middle Triassic to Lower Carnian (e.g. KovAcs
et al. 1989; DiMITRUEVIC et al. 2003). In contrast,
Upper Triassic radiolarites are — as expected — un-
known from the distal continental shelf margins
towards the Neotethys Ocean (GAawLICK et al. 1999,
2008). Highstand shedding from the late Middle and
Upper Triassic shallow-water carbonate ramps and
platforms transport a huge amount of micrites to the
distal shelf and partly to the oceanic domain
(GawLIcK & Bonm 2000). These radiolarites can only
be expected in distal oceanic areas (GAWLICK et al.
2008). For this reason, Late Triassic radiolarites are of
special interest: they indicate fragments of the Neo-
tethys oceanic realm in the source area.

Regional comparisons and correlations

Lack of stratigraphic data from contact areas with
ophiolites feed the actual controversial discussion
about the tectonic interpretation of the ophiolites and
the mélanges point. Formation and paleogeographic
position of the Middle Jurassic mélanges as well as the
derivation of the components are still unknown. Only
comparisons with other areas in the Dinaridic-Helle-
nic and East Alpine realm can assist in understanding
the palaeogeographic situation.

According to actual results the age of the mélange
in the Dinaridic Ophiolite Belt is similar to the radio-
laritic carbonate-clastic trench fills situated in front of
advancing nappes in the Northern Calcareous Alps
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(?Bajocian/Bathonian-Oxfordian; GawLICK & FriscH
2003; Missoni et al. 2001, 2005; GawLick et al. 2007;
AUER et al. 2009), and in the Middle Jurassic of the
Western Carpathians (e.g., Kozur & Mock 1985, 1995;
Kozur et al. 1996). Here, the mélange formation
(Hallstatt Meélange in the Eastern Alps, Meliata
Mélange in the Western Carpathians) is interpreted as
to be a result of the partial closure of the Neotethys
(Meliata) Ocean (e.g., Kozur 1991; CHANNELL &
Kozur 1997; Csontos & VORrROs 2004; GAWLICK et
al. 1999; Friscu & Gawrick 2003). Similar ?Early/
Middle Jurassic (late Early Jurassic to Bajocian in
BaBic et al. 2002; Bajocian-Callovian in HALAMIC et
al. 1998, 1999) mélanges as those in the Dinaridic
Ophiolite Belt occur in Croatia (e.g. HaLAMIC et al.
1999;: BasiC et al. 2002), Bosnia and Herzegovina
(Hrvatovic 2006), Albania (BortoLotT! et al. 2005;
GawLick et al. 2008) or Greece (STAMPFLI et al. 2003;
BortorotT! et al. 2004), as well as in the Darné unit
of Hungary (KovAcs et al. 2008).

Especially in the Mirdita zone reddish radiolarites
of Upper Carnian to Lower Norian age were found as
primary cover of ocean floor basalt below the Middle
Jurassic radiolaritic-ophiolitic trench fill (GawLICK
et al. 2008). These radiolarites correspond in facies
and radiolarian fauna to the radiolaritic block in the
Sjenica mélange. Triassic radiolarites and remnants of
ophiolite sequence of Middle and Late Triassic age
occur in the Mirdita zone (CHiARI et al. 1996; BorTO-
LoTTI et al. 2006; GawLick et al. 2006a, 2008) in a
Bajocian to Oxfordian matrix (e.g., CHIARD et al.

2004; Gawrick et al. 2008). Late Triassic ocean
floor is also known from the Vardar zone in Serbia
(OBRADOVIC & GORICAN 1988). Comparable are also
occurrences of Middle and Late Triassic radiolarites
on top of the ocean floor basalts in the Kalnik
Mountain of Croatia (GORICAN et al. 2005).

Biostratigraphic data collected by means of radiola-
rians confirm that a continuos belt of a Triassic
oceanic lithosphere existed from Croatia over Albania
to southern Greece. This implies that a Triassic Ocean
(since late Anisian, GawLicK et al. 2006a), charac-
terized by MORB magmatism, was located between
Adria-Apulia and Asia (BortoLotT! et al. 2005, 2006;
BorroLorr: & Princier 2005). Remnants of this
Middle to Late Triassic ocean floor were also found in
the Western Carpathians (Kozur et al. 1996; KovAcs
et al. 2008). Moreover, Middle to Late Triassic radio-
larites occur together with ophiolite components also
as components in Upper Cretaceous sedimentary
rocks (Gosau) in the Northern Calcareous Alps
(Suzuki et al. 2007; SCHUSTER et al. 2007).

Discussion and conclusions

The Dinaridic Ophiolite Belt separates the Drina-
Ivanjica Element (DIE, Fig. 1C) from the East Bos-
nian-Durmitor Unit (EBDU, Fig. 1C), continuing into
the Mirdita Ophiolite zone in Albania. Triassic to
Jurassic ocean floor is also documented in the Vardar
segment of the Neotethys (= Vardar) Ocean to the east
(Pamic et al. 2002; KaramaTA 2006). Besides, from

Fig. 6. Bathonian to Early or Middle Callovian radiolarian fauna of the radiolaritic matrix of the Sjenica mélange (in
alphabetic order) (Abesko Brdo, sample SCG 84). 1. Archaeodictyomitra amabilis AITA, 1987. 2. Archaeodictyomitra
mitra DUMITRICA, 1997 in DumiTricA et al, 1997. 3. Archaeodictyomitra rigida PEsSAGNO, 1977, 4. Archaeodictyomitra
sp. B sensu WEGERER, Suzukl & GawLick, 2001. 5. Dictyomitrella kamoensis Mizutani & Kino, 1983. 6. Eucyrtidiellum
circumperforatum Ciiarl, Marcucct & PreLa, 2002, 7. Eucyrtidiellum semifactum (Nacar & Mizutant, 1990).
8. Eucyrtidiellum unumaense dentatum BAUMGARTNER, 1995 in BAUMGARTNER et al. 1995b. 9. Eucyrtidiellum unumaense
pustulatum BAUMGARTNER, 1984, 10. Eucyrtidiellum unumaense (Yao, 1979). 11. Eucyrtidiellum unumaense unumaense
(Yao, 1979). 12. Hsuum maxwelli PEssaGNoO, 1977, 13. Helvetocapsa cf. matsuokai (SAsHIDA, 1999) in SAsHIDA et al. 1999,
14. Hemicryptocapsa sp. A. 15. Hiscocapsa magnipora (CHIARI, MARCUCCI & PRELA, 2002). 16. Lithocampium sp. E.
17. Parvicingula spinata (VINassSA, 1899). 18. Praezhamoidellum aff. buekkense Kozur, 1984. 19. Praezhamoidellum
buekkense Kozur, 1984, 20. Praezhamoidellum cf. parvipora (Tan, 1927). 21. Praezhamoidellum sp. C. 22. Praezhamoi-
dellum sp. C. 23. Protunuma lanosus OzvoLpova, 1996 in Sykora & OzvoLpova, 1996. 24. Protunuma ochiensis
Matsuoka, 1983. 25. Protunuma turbo Marsuoka, 1983, 26. Pseudodictyomitra cf. venusta (CHIARI, CORTESE &
Marcucct, 1997). 27. Quarticella ovalis TAKEMURA, 1986. 28. Spongocapsula krahsteinensis Suzuki & GAwWLICK, 2004 in
GawLick et al. 2004. 29. Stichocapsa convexa Yao, 1979, 30. Stichocapsa japonica Yao, 1979. 31. Striatojaponocapsa
cf. conexa (MATSUOKA, 1983). 32. Striatojaponocapsa cf. synconexa O’ DOGHERTY et al., 2006. 33. Tetracapsa himedaruma
(Arta, 1987). 34. Tricolocapsa aff. fusiformis Yao, 1979, 35. Tricolocapsa fusiformis Yao, 1979. 36. Tricolocapsa sp.
S sensu BAUMGARTNER et al., 1995 in BAUMGARTNER et al. 1995b. 37. Tricolocapsa tetragona MATSuoka, 1983.
38. Triversus hungaricus (Kozur, 1985). 39, Unuma gordus HuLL, 1997. 40. Williriedellum dierschei Suzukl & GAWLICK,
2004 in GawLick et al. 2004, 41. Williriedellum marcucciae CORTESE, 1993, 42. Zhamoidellum exquisitum HuLL, 1997.
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Fig. 7. Microfacies of the Late Carnian to Early Norian red radiolarite of a block in the Sjenica mélange (sample SCG 83).
A) Bioturbated radiolarian packstone, slightly sheared. In the massive radiolaritic part, the radiolarians are recrystallized
to quartz and not well preserved. Width of the photo = 1.25 cm. B) Enlarged detail from a more sheared part of SA.
The radiolarians are partly filled with massive quartz. Only few radiolarians are well preserved. Width of photo = 0.5 em.

the Vardar Zone (Kopaonik Mountain, southern The dating of the radiolaritic matrix of the Sjenica
Serbia) Late Triassic cherty metamorphosed lime- mélange is the first direct dating in the central Dinari-
stones overthrusted by ophiolite complexes have been  dic Ophiolite Belt. It proves that different blocks were
reported in SUDAR & KovAcs (2006), emplaced in Middle Jurassic times.
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These results are in good agreement with known
situations from other areas in the Alpine-Dinaridic-
Hellenic mountain chain. This mélange in the Dina-
ridic Ophiolite Belt is a syntectonic sequence re-
flecting the Middle to Late Jurassic orogeny in the
Neotethys realm and is interpreted as deep-water
chaotic sediment that was deposited in a trench-like
basin in front of advancing and rising ophiolitic nap-
pes with lateral chaotic infill in sense of PICKERING
et al. (1989). The block of Carnian-Norian radiolarite
in the mélange derived from the Triassic Neotethys
ocean floor.

That a Middle Jurassic age was substantiated for
the ophiolitic-radiolaritic wildflysch in the Dinaridic
Ophiolite Belt is consistent with the time span of the
radiolaritic carbonate-clastic trench fills (wildflysch)
in the Northern Calcareous Alps, the Western Carpa-
thians as well as to the ophiolitic-radiolaritic trench
fills (wildflysch) in the Mirdita zone. The situation
in the Dinaridic Ophiolite Belt confirms that of the
Albanides (,,Mirdita mélange*) and the Medvednica
and Kalnik Mountains in Croatia.

To clearify the paleogeographic derivation of
different blocks and the time span of their emplace-
ment in detail, widespread further investigations in a
larger regional scale are necessary. Only a detailed
component analysis of the “mélange” with dating of
the matrix should allow a reconstruction of the source
area.

Acknowledgements

The use of the SEM at the University Tiibingen (Dr.
HartMmuT SchuLz) is gratefully acknowledged. We thank
Prof. Dr. WoLFGANG FriscH (Tiibingen), Dr. SANDOR
KovAcs (Budapest) and Prof. Dr. STEFaN ScHmin (Basel)
for discussions. Per JEisEcKE (Tiibingen) prepared the
thin sections of the radiolarites. The research of the authors
from Serbia was supported by the Ministry of Science
and Tecnological Development of the Republic of Serbia,
Project No. 146009. The critical reviews of Prof. Dr. Luis
O’DoGHERTY (Cadiz) and Dr. SPELA GORIEAN (Ljubljana)
are gratefully acknowledged.

References

Arra, Y. (1987): Middle Jurassic to Lower Cretaceous
Radiolarian biostratigraphy of Shikoku with reference to
selected sections in Rombardy Basin and Sicily. —
Tohoku University, Science Report, 2nd Serie (Geo-
logy), 58: 1-91.

AuUBOUIN, J. (1973): Des tectoniques superposées et leur
signification par rapport aux modeles géophysiques:
I'exemple des Dinarides; paleotectonique, téctonique,
tarditectonique, neotectonique. — Bulletin de la Société
géologique de France (7), 15 (5-6): 426-460.

AUER, M., GawLIick, H.-J., ScHLAGINTWEIT, F. & Suzuki,
H. (2009): Spatial and temporal development of shallow
water-carbonate platform and siliceous basin sedi-
mentation in the Late Jurassic Northern Calcareous
Alps. — Facies 55: 63-87 (Springer). DOI 10.1007/s
10347-008-055-3

Basi¢, L., Hochurr, P. A, & Zupanic, J. (2002): The
Jurassic ophiolitic mélange in the NE Dinarides: Dating,
internal structure and geotectonic implications. —
Eclogae Geologicae Helvetiae, 95: 263-275.

BAaumMGARTNER, P O. (1984): A Middle Jurassic-Early
Cretaceous low-latitude radiolarian zonation based on
Unitary Associations and age of Tethyan radiolarites. —
Eclogae Geologicae Helvetiae, 77: 729-837.

BAUMGARTNER, P. O., BARTOLINI, A., CARTER, E. S., ConTl,
M., Cortese, G., DaNELIAN, T., DE WEVER, P,
DumiITRICA, P, DUMITRICA-JUD, R., GORIEAN, S., GUEX,
L, Hure, D. M., Kito, N., MArcucct, M., MATSUOKA,
A., MURCHEY, B., O’DOGHERTY, L., SAvARY, J.. VIsSH-
NEVSKAYA, V., WDz, D. & Yao, A. (1995a); Middle
Jurassic to Early Cretaceous radiolarian biochronology
of Tethys based on Unitary Associations. — In: Baum-
GARTNER, P. O.,, O’DoGHEerty, L., GORIEAN, S,
UrQuuart, E., PiLLEVUIT, A. & DE WEVER, P. (Eds):
Middle Jurassic to Lower Cretaceous radiolaria of
tethys: occurrences, systematics, biochronology. —
Mémeires de Géologie (Lausanne), 23: 1013-1048.

BAUMGARTNER, P. 0., O’DoGHERTY, L. GORICAN, S.,
Dumitrica-Jup, R., Dumitrica, P, PiLLEvUIT, A.,
UrQUHART, E., MATSUOKA, A., DANELLIAN, T, A..
BARTOLINI, A., CARTER, E. S., DE WEVER, P, Kito, N.,
Marcuccr, M. & Steiger, T. (1995b); Radiolarian
catalogue and systematics of Middle Jurassic to Early
Cretaceous Tethyan genera and species. — [n: Baum-
GARTNER, P. O., O'DoGHerTY, L., GORICAN, §.,
UrQuHART, E., PiLLEVUIT, A. & DE WEVER, P. (Eds):
Middle Jurassic to Lower Cretaceous radiolaria of
tethys: occurrences, systematics, biochronology. —
Mémoires de Géologie (Lausanne), 23: 37-685.

Beccaro, P. (2004): Upper Jurassic radiolarians from Inici
Mountain area (Northwestern Sicily, Italy): biochrono-
logy and calibration by ammonites. — Rivista Italiana di
Paleontologia e Stratigrafia, 110 (1): 289-301.

— (2006): Radiolarian correlation of Jurassic siliceous

successions of the Rosso Ammonitico Formation in the
Southern Alps and Western Sicily (Italy). — Eclogae
Geologicae Helvetiae, 99 (Supplement 1): 21-33.

BromME, D. C. (1984): Upper Triassic Radiolaria and radio-
larian zonation from western North America. — Bullettin
of American Paleontology, 85: 1-88.

BortoLorT, V., CHIARI, M., MARCUCCI, M., MARRONI, M.,
PANDOLFI, L., PRINCIPL, G. & Saccant, E. (2004): Com-
parison among the Albanian and Greek ophiolites: in
search of constraints for the evolution of the mesozoic
Tethys Ocean. — Ofioliti, 29; 13-35.

BortoLoTTi, V., MARRONI, M., PANDOLFL, L. & PrRiNCIPL, G.
(2005): Mesozoic and Tertiary tectonic history of the
Mirdita ophiolites, northern Albania. — The Island Arc,
14: 471-493.

BorroLorTl, V. & Principr, G. (2005): Tethyan ophiolites
and Pangea break-up. — The Island Arc, 14: 442-470.



308 H.-J. Gawlick

BortorLorTi, V., CHiarl, M., Kobra, A., Marcucct, M.,
MARRONI, M., MusTAFa, F., PRELA, M., PaxDOLFI, G. &
Saccant, E. (2006): Triassic MORB magmatism in the
southern Mirdita zone (Albania). — Ofioliti, 31; 1-9.

CHannNELL, L. E. T. & Kozur, H. W, (1997). How many
oceans? Meliata, Vardar, and Pindos oceans in the Meso-
zoic Alpine paleogeography. — Geology, 25: 183-186.

CHiARI, M., Marcuccr, M., CorTESE, G., ONDREJICKOVA,
A. & Kopra, A. (1996); Triassic radiolarian assem-
blages in the Rubik area, and Cukali zone, Albania. —
Ofioliti, 21: 77-84

CHiarl, M., CortrESE, G., Marcucc, M. & NozzoLl, N.
(1997): Radiolarian biostratigraphy in the sedimentary
cover of the ophiolites of South-Western Tuscany,
Central Italy. — Eclogae Geologicae Helvetiae, 90 (1):
55-77.

Cuiarl, M., Marcuccr, M. & Prera, M. (2002): New
species of Jurassic radiolarians in the sedimentary cover
of ophiolites in the Mirdita area, Albania. — Micro-
paleontology. 48 (Supplement 1): 61-87.

— (2004): Radiolarian assemblages from the Jurassic

. cherts of Albania: new data. — Ofioliti, 29: 95-105.

Ciric, B. M. (1984): Complexe ophiolithique et formations
comparables dans les Dinarides. — Memoires du Service
Geologique et Geophysique, XXIII: 1-44.

Cortesg, G. (1993): Radiolarian biostratigraphy of the
Tuscan Cherts (Tuscan Succession) from Val di Lima,
Tuscany, Northern Apennines. — Paleopelagos, 3: 169-
189,

Csontos, L. & VORrROs, A. (2004): Mesozoic plate tectonic
reconstruction of the Carpathian region. — Palacogeo-
graphy, Palaeoclimatology, Palacoecology, 210: 1-56.

DE WEVER, P, SANFILIPPO, A., RIEDEL, R.W. & GRUBER, B.
(1979): Triassic radiolarians from Greece Sicily and Tur-
key. — Micropaleontology, 25 (1): 75-110.

DE WEVER, P, DumiTrICA, P., CAULET, J.-P. & CARIDROIT,
M. (2001): Radiolarians in the sedimentary record. —
533 pp.; Amsterdam (Gordon and Breach).

DiLek, Y. & FLowgRr, M. F. J. (2003): Arc-trench rollback
and forearc accretion: 2. A model template for ophiolites
in Albania, Cyprus, and Oman. — In: Diek, Y. &
Rosinson, P T. (Eds.): Ophiolites in earth history. —
Geological Society, London, Special Publications, 218:
43-68.

Diek, Y., Snacco, M. & Furnes, H. (2005): Rift-Drift,
seafloor spreading, and subduction tectonics of Albanian
ophiolites. — International Geology Review, 47: 147-
176.

Dicek, Y., Furnes, H. & SuarLro, M. (2007): Suprasub-
duction zone ophiolite formation along the periphery of
Mesozoic Gondwana. — Gondwana Research, 11: 453-
475.

Divrtruevic, M. D. (1997): Geology of Yugoslavia. —

187 pp.; Geological Institute Gemini, Special Pub-
lication.
(2001): Dinarides and the Vardar Zone: a short review of
the geology. — In: Downes, H. & Vaserrl, O. (Eds.):
Tertiary magmatism in the Dinarides. — Acta Vulcano-
logica, 13 (1-2): 1-8.

DiviTrEVIC, M. D. & DiMitruEVIE, M. N. (1973): Olisto-
strome mélange in the Yugoslavian Dinarides and Late
Mesozoic plate tectonics. — Journal of Geology, 81: 328-
340.

DimitruEvIC, M. D. & SikoSek, B. (1997): Yugoslavia. —
In: Moores, E. M. & FareripGe, R. W. (Eds.): En-
cyclopedia of Europaean and Asian regional geology,
783-789; London (Chapman & Hall).

Divrrruevic, M. N., DivmiTriEVIE, M. D., KARAMATA, S.,
Supar, M., GeErziNa, N., Kovacs, S., TDoszrALy, L.,
GurAcst, Z., PELIKAN, P & Less, Gy. (2003): Olisto-
strome/mélanges — an overview of the problems and
preliminary comparison of such formations in Yugo-
slavia and Hungary. — Slovak Geological Magazine, 9
(1) 3-21.

Dumirrica, P. (1970): Cryptocephalic and cryptothoracic
Nasselaria in Mesozoic deposits, Romania. — Revista
Roumaine de Geologia Geophysica Geognosia (series
Geologia), 14: 45-124,

DumitricA, P, IMMENHAUSER, A. & DumiTricA-JuD, R.
(1997): Mesozoic radiolarian biostratigraphy from
Masirah ophiolite, Sultanate of Oman. Part I: Middle
Triassic, uppermost Jurassic and Lower Cretaceous
Spumellarians and Multisegmented Nassellarians.
Bulletin of the National Museum of National Science
(Taiwan), 9: 1-106.

Friscu, W. & GawLick, H.-J. (2003): The nappe structure
of the central Northern Calcareous Alps and its dis-
integration during Miocene tectonic extrusion — a contri-
bution to understanding the orogenic evolution of the
Eastern Alps. — International Journal of Earth Sciences,
92: 712-727.

GawLIcK, H-J. & Boum, F. (2000): Sequence and isotope
stratigraphy of Late Triassic distal periplatform lime-
stones — an example from the Northern Calcareous Alps
(Kilberstein Quarry, Berchtesgaden Hallstatt Zone). —
International Journal of Earth Sciences, 89: 108-129,

Gawrick, H.-J. & FriscH, W. (2003): The Middle to Late
Jurassic carbonate clastic radiolaritic flysch sediments in
the Northern Calcareous Alps: sedimentology, basin
evolution and tectonics — an overview. — Neues Jahrbuch
fiir Geologie und Paldontologie, Abhandlungen, 231:
163-213.

GawLick, H.-J.,, SchLacintwert, F. & Suzuki, H. (2007):
Die Ober-Jura bis Unter-Kreide Schichtfolge des Ge-
bietes Sandling-Hoherstein (Salzkammergut, Oster-
reich) — Implikationen zur Rekonstruktion des Block-
Puzzles der zentralen Nordlichen Kalkalpen, der Glie-
derung der karbonat-klastischen Radiolaritflyschbecken
und der Entwicklung der Plassen-Karbonatplattform.
Neues Jahrbuch fiir Geologie und Paldontologie, Ab-
handlungen, 243 (1): 1-70.

GawLick, H.-J.,, SchLacintwert, E, EsLy, O, & Suzuki, H.
(2004): Die Plassen-Formation (Kimmeridgium) des
Krahstein (Steirisches Salzkammergut, Osterreich) und
ihre Unterlagerung: neue Daten zur Fazies, Biostratigra-
phie und Sedimentologic. — Zentralblatt fiir Geologie
und Paldontologie, Teil 1, 2003 (3/4): 295-334.

GawLick, H.-I., DumiTrIicA, P, Missont, S. & HoxHa, L.
(2006a): The Steinmann trinity of the Triassic Miraka
section in the Mirdita Zone (Albania) evidenced by late
Anisian rifting in the Neotethys Ocean. — In: SUDAR, M.,
Ercecovac, M. & Grusic, A. (Eds.): Proceedings
XVIIIth Congress of Carpathian-Balkan Geological
Association (Belgrade, 2006), 155-158,; National com-
mittee of the Carpathian-Balkan Geological Association;
Serbian Geological Society, Belgrad.



Upper Triassic and Middle Jurassic radiolarians from the Dinaridic Ophiolite Belt

309

Gawrick, H.-J., Frisc, W., VEcsEl, A., STEIGER, T. &
Bonm, F. (1999): The change from rifting to thrusting in
the Northern Calcareous Alps as recorded in Jurassic
sediments. — Geologische Rundschau, 87: 644-657.

GawLick, H.-l., ScuLaGintwerT, F, Missoni, S., FriscH,
W. & HoxHa, L. (2006¢): Component analysis of mass-
flow deposits as a tool to solve paleogeographic
questions and to reconstruct the early geodynamic
history of the Albanides — clasts of cement rich Middle
Triassic reefal limestones from Late Jurassic mass-flows
of the Mirdita Zone of Albania (Kurbnesh area) and
their palaeogeographical significance. — In: SUDAR, M.,
ErcEGovac, M. & Grusic, A. (Eds): Proceedings of the
XVIIT" Congress of the Carpathian-Balkan Geological
Association (Belgrade, 2006), 175-177; National com-
mittee of the Carpathian-Balkan Geological Association,
Serbian Geological Society.

Gawrick, H.-J., ScaLagintwerr, F, Hoxua, L., DUMITRI-
ca, P, Missont, S. & FriscH, W. (2005): Analysis of the
Perlat-Kurbnesh ophiolitic melange — new insights in
geology of the Albanides (Albania) on the base of radio-
larian dating, detection of Late Jurassic reef carbonates
and determination of thermal overprint of Triassic carbo-
nates by Conodont Colour Alteration Index data. — In:
Haas, H., RAMSEYER, K. & SCHLUNEGGER, F. (Hrsg.):
Sediment 2005, Schriftenreihe der Deutschen Gesell-
schaft fiir Geowissenschaften, 38: 63-64.

GawLick, H.-), ScuLacivrwerr, E, LN, R., Misson, S.,
Depa, T. & Hoxta, L. (2006b); The Munella carbonate
platform in the central Mirdita Zone (Albania): an
example for carbonate platform growth in a convergent
tectonic regime. — In: Subpar, M., ErcEGOvAC, M. &
Grusic, A. (Eds.): Proceedings XVIIIth Congress of
Carpathian-Balkan Geological Association (Belgrade,
2006), 167-170; National committee of the Carpathian-
Balkan Geological Association: Serbian Geological
Society, Belgrad.

Gawrick, H.-J, Friscu, W.,, Hoxua, L., DumiTRICA, P,
KrysTyN, L., LEIN, R., Missont, S. & SCHLAGINTWEIT,
F. (2008): Mirdita Zone ophiolites and associated sedi-
ments in Albania reveal Neotethys Ocean origin. — Inter-
national Journal of Earth Sciences, 97: 865-881.

GoRICAN, S., KARAMATA, S. & BATOCANIN-SRECKOVIE, D,
(1999a): Upper Triassic (Carnian-Norian) Radiolarians
in Cherts of Sjenica (SW Serbia) and the time span of
the oceanic realm ancestor of the Dinaridic Ophiolite
Belt. — Bulletin de I’Académie serbe des sciences et des
arts, Classe des sciences mathématiques et naturalles,
Sciences naturelles tome 119, 39: 141-149.

Gorican, 8., Stovenec, D. & KoLar-JURKOVSEK, T.
(1999b): A Middle Jurassic radiolarite-clastic succes-
sion from the Medvednica Mt. (NW Croatia). — Geo-
logia Croatica, 52: 29-57,

Gorican, S., Havamic, I, Grcasovie, T. & KoLAR-
JURKOVSEK, T. (2005): Stratigraphic evolution of Triassic
arc-backarc system in northwestern Croatia. — Bulletin
de la Société géologique de France, 176 (1): 3-22.

GruBi, A. (1980): Yugoslavia, an outline of geology of
Yugoslavia and excursions 201 5 and 202¢. — 26" Inter-
national Geological Congress, Paris 1980, Guide-Book,
Livret Guide 15: 1-97.

Havamic, J., Stovenec, D. & KovLArR-JURkOVSEK, T.
(1998): Triassic pelagic limestones in the Oresje quarry
near Gornja Bistra, Medvednica Mt. (NW Croatia). —
Geologica Croatica, 51: 33-45.

Havamic, I, Gorican, S., SLovenec, D. & KoLar-
JurkovSek, T. (1999): A Middle Jurassic radiolarite-
clastic succession from the Medvednica Mt (NW
Croatia). — Geologica Croatica, 52: 29-57.

Harakepa, K., Suzuki, N. & Marsuoka, A. (2007): Quan-
titative morphological analysis and evolutionary history
of the Middle Jurassic polycystine radiolarian genus
Striatojaponocapsa Kozur. — Marine Micropaleonto-
logy, 63: 39-56.

Hrvatovic, H. (2006): Geological Guidebook trough
Bosnia and Herzegovina. — Geological Survey of Federa-
tion Bosnia and Herzegovina, Sarajevo: 1-172.

HuLr, D. M. (1997): Upper Jurassic Tethyan and southern
boreal radiolarians from western North America, —
Micropaleontology, 43 (Supplement 2): 1-202,

Karamara, S. (1958): Albit-Granit von Sjenica. — Neues

Jahrbuch fiir Mineralogie, Monatshefte, 1958 (6): 137-
142,
(2006): The geological development of the Balkan
Peninsula related to the approach, collision and com-
pression of Gondwanan and Eurasian units. — In:
RoBerTsON, A. H. E & Mountrakis, D. (Eds.): Tec-
tonic development of the eastern Mediterranean region;
Geological Society, London, Special Publications, 260:
155-178.

KARAMATA, S., MAIER, V. & Pamic, 1. (1980): The ophio-
lites of Yugoslavia. — In: Roccl, G. (Ed.): Tethyan ophio-
lites, Ofioliti, 1: 170-189.

KARAMATA, S., DIMITRUEVIC, M. D., DiMiTRUEVIE, M. N. &
MiLovanovic, D. (2000): A correlation of ophiolitic
belts and oceanic realms of the Vardar Zone and the
Dinarides — In: Karamarta, S. & Jankovié, S. (Eds.):
Proceedings of the International Symposium ,,Geology
and Metallogeny of the Dinarides and the Vardar Zone”,
Academy of Sciences and Arts of the Republic of
Srpska, Collections and Monographs, 1, Department of
Natural, Mathematical and Technical Sciences, 1: 61-69.

KocHer, R. N. (1981): Biochronostratigraphische Unter-
suchungen oberjurassischer Radiolarienfithrender Ge-
steine, insbesondere der Siidalpen. — Mitteilungen Geo-
logisches Institut der E. T. H. und Universitit Ziirich,
Neue Folge, 234: 1-184.

Kovacs. 8., Less, G, Pros, O, RiT, Z, & Roth, L.
(1989): Triassic formations of the Aggtelek-Rudabdnya
Mountains (Northeastern Hungary). — Acta Geologica
Hungarica, 32 (1-2): 31-63.

Kovaics, S., Gawirick, H.-J., Haas, I, Missoni, S.,
Ozsvart, P. & Suzuki, H. (2008): New Triassic and
Jurassic biostratigraphic constraints for precision of
the age of Darné ophiolitic melange (NE Hungary). —
Journal of Alpine Geology, 49: 57.

Kozur, H. (1984): New radiolarian taxa from the Triassic
and Jurassic. — Geologisch-Paliontologische Mitteilun-
gen Innsbruck, 13: 49-88,

— (1985): The radiolarian genus Foxitus n. gen. from the
Unuma echinatus zone (Bajocian) of the northern
Hungary. — Proceedings of the Koninklijke Nederlandse
Akademie van Wetenschappen, Series B, 88: 211-220.



310 H.-J. Gawlick

Kozur, H. (1991): The evolution of the Meliata-Hallstatt
ocean and its significance for the early evolution of the
Eastern Alps and Western Carpathians. — Palaeogeo-
graphy, Palaeoclimatology, Palacoecology, 87: 109-135.

Kozur, H. & Mock, R. (1985): Erster Nachweis von Jura
in der Meliata-Einheit der siidlichen Westkarpaten. —
Geologisch-Palidontologische Mitteilungen Innsbruck,
13: 223-238.

— (1995): First evidence of Jurassic in the Folkmar Suture
Zone of the Meliaticum in Slovakia and its tectonic
implications. — Mineralia Slovaca, 27: 301-307.

Kozur, H. & MosTtLEr, H. (1978): Beitrige zur Er-
forschung der mesozoischen Radiolarien. Teil I1I: Ober-
familie Trematodiscacea Harcker 1862 emend. und
Beschreibung ihrer triassischen Vertreter. — Geologisch-
Paldontologische Mitteilungen Innsbruck, 8: 123-182.
(1979): Beitrdge zur Erforschung der mesozoischen
Radiolarien. Teil III: Die Oberfamilien Actinommacea
HAECKEL 1862 emend., Artscacea HAECKEL 1882,
Multiarcusellacea nov. der Spumellaria und triassische
Nassellaria. — Geologisch-Paldontologische Mitteilun-
gen Innsbruck, 9: 1-132.

— (1981): Beitrige zur Erforschung der mesozoischen
Radiolarien. Teil 1V: Thalassosphaeracea HAECKEL,
1862, Hexastylacea HarckeL, 1882 emend. und weitere
triassische Lithocycliacea, Trematodiscacea, Actinom-
macea und Nassellaria. — Geologisch-Paliontologische
Mitteilungen Innsbruck, Sonderband, 208 pp.

— (1994): Anisian to Middle Carnian radiolarian zonation
and description of some stratigraphically important
radiolarians. — Geologisch-Paldontologische Mitteilun-
gen Innsbruck, 3: 39-255.

Kozur, H., Mock, R. & OzvoLpova, L. (1996): New bio-
stratigraphic results in the Meliaticum in its type area
around Meliata Village (Slovakia) and their tectonic and
paleogeographic significance. — Geologisch-Paldonto-
logische Mitteilungen Innsbruck, 21: 89-121.

LepEBUR, K. H. (1941): Stratigraphie und Tektonik Jugo-
slawiens zwischen Lim und Ibar. — Neues Jahrbuch fiir
Mineralogie Abteilung B, Beilage-Band, 85: 463-506.

MaTsuoka, A. (1983): Middle and Late Jurassic radiolarian
biostratigraphy in the Sakawa and adjacent areas,
Shikoku, Southwest Japan. — Journal of Geosciences,
Osaka City University, 26 (1): 1-48.

Missoni, S., SteiGER, T. & Gawrick, H.-J. (2001): Das
Gschirrkopffenster in den Berchtesgadener Kalkalpen
(Deutschland) und seine Interpretation: Neuergebnisse
auf der Basis von stratigraphischen und faziellen Unter-
suchungen. — Mitteilungen der Gesellschaft der Geo-
logie- und Bergbaustudenten in Osterreich, 45: 89-110.

Missont, S., Gawrick, H.-J., Suzuki, H. & DIERSCHE, V.
(2005): Die paldogeographische Stellung des Watzmann
Blockes in den Berchtesgadener Kalkalpen — Neuergeb-
nisse auf der Basis der Analyse der Trias- und Jura-Ent-
wicklung. — Journal of Alpine Geology (Mitteilungen
der Gesellschaft der Geologie- und Bergbaustudenten in
Osterreich), 47: 169-209.

Mizutant, S. & Kipo, S. (1983): Radiolarians in Middle
Jurassic siliceous shale from Kamiaso, Gifu Prefecture,
Central Japan. — Transactions and Proceedings of the
Palaeontological Society of Japan, New Series, 132:
253-262.

NaGal, H. & Mizutanty, S. (1990): Jurassic Eucyrtidiellum
(Radiolaria) in the Mino Terrane. — Transactions and
Proceedings of the Palaecontological Society of Japan,
New Series, 159; 587-602.

Nakaseko, K. & NisHIMURA, A. (1979): Upper Triassic
Radiolaria from southwest Japan. — Scientific Report,
College of General Education, Osaka University, 28 (2):
61-109. I

OBRADOVIC, J. & GORICAN, S. (1988): Siliceous deposits in
Yugoslavia: occurrences, types and ages. — In: HE, J.
R. & OBrapovic, J. (Eds.): Siliceous deposits of the
Tethys and Pacific regions, 51-64; New York (Springer).

O’DoGHERTY, L., BiLL, M., GORICAN, S., DUMITRICA, P. &
Masson, H. (2006): Bathonian radiolarians from an
ophiolitic mélange of the Alpine Tethys (Gets Nappe,
Swiss-French Alps). — Micropaleontology, 51 (6): 425-
485,

Pamic, J., Tomrienovic, B. & Baren, D. (2002): Geo-
dynamic and petrogenetic evolution of Alpine ophiolites
from the central and NW Dinarides: an overview. —
Lithos, 65: 113-142.

PessacNo, E. A, Ir. (1977). Upper Jurassic radiolaria and
radiolarian biostratigraphy of the California Coast
Ranges. — Micropaleontology, 23: 56-113.

PickerING, K. T., HiscoTT, R. N. & HEIN, E J. (1989): Deep
marine environments. Clastic sedimentation and tec-
tonics. — 416 pp.; London (Unwin Hyman).

RADOVANOVIC, Z., NASTIC, V. & PopEvIC, A. (2004): Geo-
logical map of Republic Serbia, 1:50000, Sheet Prije-
polje 2. — Ministry of Science and Environment Pro-
tection, Directorate for the Environmental Protection,
Belgrade.

RampNoUX, L-P. (1969): Sur la geéologie du Sandjak: mise
en évidence de la nappe du Pester (confins serbo-
monténégrins, Yougoslavie). — Bulletin de la Societé
géologique de France, 7 (11): 881-893.

ROBERTSON, A. & SHALLO, M. (2000): Mesozoic-Tertiary
tectonic evolution of Albania in its regional Eastern
Mediterranean context. — Tectonophysics, 316: 197-
254,

SAsHIDA, K., MUNASRI, ADACHL, S. & KaMmaTta, Y. (1999):
Middle Jurassic radiolarian fauna from Rotti Island,
Indonesia. — Journal of Asia Earth Sciences, 17: 561-
572.

ScHLAGINTWEIT, F., GawLick, H.-J., Missoni, S., HoxHA,
L., LemNn, R. & FriscH, W. (2008): The eroded Late
Jurassic Kurbnesh carbonate platform in the Mirdita
Ophiolite Zone of Albania and its bearing on the Jurassic
orogeny of the Neotethys realm. — Swiss Journal of
Earth Science, 101: 125-138.

ScHMID, S. M., FUGENSCHUH, B., MATENCO, L., SCHUSTER,
R., TiscHLer, M. & Ustaszewskl, K. (2006): The
Alps-Carpathians-Dinarides-connection: a compilation
of tectonic units — In: SUDAR, M., ERCEGovac, M. &
GruUBIC, A. (Eds.): Proceedings of the XVIII™ Congress
of the Carpathian-Balkan Geological Association
(Belgrade, 2006), National committee of the Carpa-
thian-Balkan Geological Association, Serbian Geo-
logical Society, 535-538.

Scumip, S. M., FUGeNscHUH, B., MaTteNco, L., SCHEFER
S., Scruuster, R., TiscHLER, M. & Ustaszewski, K.
(2008): The Alps-Carpathians-Dinarides-connection:



Upper Triassic and Middle Jurassic radiolarians from the Dinaridic Ophiolite Belt

311

a correlation of tectonic units. — Swiss Journal of Geo-
sciences,101:139-183. D01 10.1007/s00015-008-1247-3.

ScHUSTER, R., KOLLER, F. & Frank, W. (2007): Pebbles of
upper-amphibolite facies amphibolites of the Gosau
Group from the Eastern Alps: relics of a metamorphic
sole? — 8th Workshop on Alpine Geological Studies,
Abstract Volume: 74; Davos.

SMmITH, A. G. & SprAY, . G. (1984): A half-ridge transform
model for the Hellenic-Dinaric ophiolites. — In: Dixon,
J. E. & RoOBERTsON, A. H. F. (Eds): The geological evo-
lution of the Eastern Mediterranean. Geological
Society, London, Special Publications, 17: 629-644.

StamprLl, G. M. & Kozur, H. (2006): Europe from the
Variscan to the Alpine cycles. — In: Geg, D. G. &
STEPHENSON, R. A. (Eds.): Europaean lithosphere dyna-
mics.— Geological Society Memoir, 32: 57-82.

StamprLl, G. M., BoreL, G. D., Cavazza, W.,, Mosar, I. &
ZIEGLER, P. A. (2001): The Paleotectonic Atlas of the
PeriTethyan Domain. — CD-rom, European Geophysical
Society.

StamprLL, G. M., Vavassis, 1., DE BoNo, A., ROSSELET, F,,
Martti, B. & BELLINI, M. (2003): Remnants of paleo-
tethys oceanic suture-zone in the western Tethyan area. —
Bollettino della Societa Geologica Italiana, Special
volume, 2:1-23.

Subar, M. & KovAcs, S. (2006): Metamorphosed and
ductilely deformed conodonts from Triassic limestones
situated beneath ophiolite complexes: Kopaonik Moun-
tain (Serbia) and Biikk Mountains (NE Hungary)-a
preliminary comparison. — Geologica Carpathica, 57:
157-176.

SuaGivama, K. (1997): Triassic and Lower Jurassic radio-
larian biostratigraphy in the siliceous claystone and
bedded chert units of the southeastern Mino Terrane,
Central Japan. — Bulletin of the Mizunami Fossil
Museum, 24: 79-193.

Suzuki, H., WEGERER, E. & GawLick, H.-I. (2001): Zur
Radiolarienstratigraphie im unteren Callovium in den
Nordlichen Kalkalpen — das Klauskogelbachprofil west-
lich von Hallstatt. — Zentralblatt fiir Geologie und
Paldontologie, 2000 (1/2): 167-184.

Suzukl, H. & GawLrick, H.-J. (2003a): Die jurassischen
Radiolarienzonen der Nordlichen Kalkalpen. — Gmund-
ner Geo-Studien, 2: 115-122.

— (2003b): Biostratigraphie und Taxonomie der Radio-
larien aus den Kieselsedimenten der Blaa Alm und nord-
lich des Loser (Nordliche Kalkalpen, Callovium-
Oxfordium). — Mitteilungen der Gesellschaft der Geo-
logie- und Bergbaustudenten in Osterreich, 46; 137-228.
(2009): Jurassic radiolarians from cherty limestones
below the Hallstatt salt mine (Northern Calcareous Alps,
Austria). — Neues Jahrbuch fiir Geologie und Palionto-
logie, Abhandlungen, 251: 155-197.

Suzukl, H., ScHusTER, R., GawLick, H.-J, LEN, R, &
FaupL, P. (2007): Neotethys derived obducted ophiolite
nappes in the Eastern Alps: informations from radio-
larite pebbles in the Gosau Group. — 8th Workshop on
Alpine Geological Studies, Abstract Volume: 79-80,
Davos.

S¥kora, M. & OzvorLpova, L. (1996): Lithoclasts of
Middle Jurassic radiolarites in debris flow sediments
from Silica Nappe (locality Bleskovy pramen, Slovak
Karst, Western Carpathians). — Mineralia Slovaca, 28
(1): 21-25.

TakemUrA, A. (1986): Classification of Jurassic nassel-
larians (radiolaria). — Palacontographica, (A), 195:29-74.

Tan, 8. H. (1927): Over de samenstelling en het onstaan van
krijt- en mergelgesteenten van de Molukken. — Jaarboek
van het Mijnwezen in Nederlandsch Oost-Indig, 55:
5-165.

TekiN, U. K. (1999): Biostratigraphy and systematics of late
middle to late Triassic radiolarians from the Taurus
Mountains and Ankara Region, Turkey. — Geologisch-
Paliontologische Mitteilungen Innsbruck, 5: 1-297.

Vinassa DE ReGNy, P. E. (1899): I radiolari delle ftaniti
titoniane di Carpena (Spezia). — Palacontographia Italia,
4: 217-238.

WEGERER, E., Suzuki, H. & Gawrick, H.-J. (2001): Zur
stratigraphischen Einstufung von Kieselsedimenten im
Bereich des Sandling (Nordliche Kalkalpen, Callovium-
Oxfordium). — Mitteilungen der Gesellschaft der Geo-
logie- und Bergbaustudenten in Osterreich, 45: 67-85.

Yao, A. (1979): Radiolarian fauna from the Mino belt in
the northern part of the Inuyama area, central Japan,
part II: Nasselaria 1. — Journal of Geosciences, Osaka
City University, 22: 21-72.

Yen, K. (1990): Taxonomic studies of Triassic Radiolaria
from Busuanga Island, Philippines. — Bulletin of the
National Museum of Natural Sciences, Taiwan, 2: 1-63.

Manuscript received: April 15, 2008.
Modified version received: September 8, 2008.
Accepted by the Greifswald editor: November 5, 2008.

Addresses of the authors:

Hans-JORGEN GawLICK (corresponding author) and SIGRID
Missoni, University of Leoben, Department for Applied
Geosciences and Geophysics, Prospection and Applied
Sedimentology, Peter-Tunner-Strasse 5, 8700 Leoben,
Austria;

e-mail: hans-juergen.gawlick@mu-leoben.at;
s.missoni(@daad-alumni.de

MiLan Subar and NEVENKA DEeriC, University of Bel-
grade, Faculty of Mining and Geology, Department of
Palacontology, Kamenicka St. 6, P.O. Box 227,

11000 Belgrade, Serbia;

e-mail: sudar@eunet.yu; djeranen@eunet.yu

HisasHi Suzuki, Otani University, Koyama-Kamifusa-cho,
Kita-ku, Kyoto 603-8143, Japan;

hsuzuki@res.otani.ac.jp

RicHARD LEIN, University of Vienna, Centre for Earth
Sciences, Althanstrasse 14, 1090 Vienna, Austria;

e-mail: richard.lein@univic.ac.at

Drvna Jovanovic, Geological Institute of Serbia, Rovinjska
St. 12, 11000 Belgrade, Serbia;

e-mail: djdivna@gmail.com



	sjenica 01
	sjenica 02
	sjenica 03
	sjenica 04
	sjenica 05
	sjenica 06
	sjenica 07
	sjenica 08
	sjenica 09
	sjenica 10
	sjenica 11
	sjenica 12
	sjenica 13
	sjenica 14
	sjenica 15
	sjenica 16
	sjenica 17
	sjenica 18
	sjenica 19

