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sets of cross-fold joints striking NNE (I) and NNW (H) and 
two sets of fold-parallel joints striking ENE (Ill) and ESE 
(IV). Joints of sets I and H occurred before folding, whereas 
joints of sets III and IV occurred during and/or after folding. 

Numerous set I and set Il joints are filled by mineral 
veins, up to 2 cm thick. These are simple veins comprising: 
(1) columnar calcite, (2) blocky calcite and blocky quartz 
and, (3) drusy calcite, as well as composite veins (4) com­
prising columnar calcite at the margins and blocky calcite 
and blocky quartz in central part. No fluid inclusions are 
preserved in calcite crystals, whereas numerous inclusions 
were observed in quartz crystals. Some quartz crystals show 
zonal texture. Inclusions within different zones show that 
during growth of the crystals PIT conditions changed from 
1.1-2.0 kb and 200-210oC to 0.8-1.8 kb and 160-175°C. 
Mineral veins (less than 1 cm thick) filling set III and set IV 
joints are less common. These veins contain exclusively 
columnar calcite (1). 

Mineralization formed in four successive stages (i-iv). 
In the first stage (i) columnar calcite (in veins 1 and 4) filled 
set I and set Il joints. This took place during a period of 
strike-parallel extension, when the host strata were still in 
horizontal position. In the second stage (ii) columnar calcite 
veins (1) filled set III and set IV joints. This occurred due to 
cross-fold extension during and/or after folding. In the third 
stage (iii) blocky calcite and blocky quartz mineralization 
(in veins 2 and 4) occurred. The last stage (iv) resulted in 
drusy calcite veins (3). Stages (iii) and (iv) occurred due to 
fold-parallel extension after completing of folding. 

Cathodoluminescence indicates that composition and/or 
temperature of fluids during formation of the columnar 
calcite veins (1) were different for the phases (i) and (ii). It 
appears that the high T blocky quartz mineralization (in 
veins 2 and 4) as well as advanced diagenesis of the host 
strata may be related to Miocene andesite intrusions cutting 
the discussed part of the Magura nappe. 
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The Dinarides, as a part of the Alpine orogenic system have 
passed since the Triassic through the divergent plate tectonic 
evolution that led to the formation of the Mediterranean oceanic 
realms. At that time the Dinarides, as a part of Apulian microplate, 
existed as a minor crustal entity between Africa and Eurasia. 

Continental convergence, starting from the Late Jurassic 
was first expressed with the obduction of the ophiolites onto 
the eastern Apulian passive continental margin. During Creta­
ceous time the ophiolitic masses, together with the underlying 
Paleozoic, Triassic and Jurassic rocks started to override conti­
nental shelf, creating the Inner Dinaridic thrust belt with flexural 
foredeep basin (Jurassic-Cretaceous Bosnian flysch) and broad 
shallow carbonate platform as its foreland on the west. 

Subduction of the oceanic lithosphere (Tisia megaunit 
of the present day Pannonian Basin) under the Northern 
Dinarides during the Late Cretaceous-Palaeogene is docu­
mented by the relict of an ancient volcanic arc, back -arc 
trench and accretionary wedge deposits. Assuming that Ad­
ria was during the Mesozoic separated from the Dinarides 
by semicontinental or even oceanic Budva basin, the conc­
lusion can be inferred that at the same time the Adria 

enclosed to the Dinarides from the south-west. That caused 
the uplift of the western margin of the Dinaridic carbonate 
platform which lasted till Early Eocene time. Re-established 
shallow marine conditions terminated in the Middle Eocene. 
The advanced compression created the External Dinaridic 
thrust belt, but also affected the already existing Inner Dinaridic 
thrust belt and its foredeep flysch deposits. A large foredeep 
flexural basin was created in front of the leading edge of the 
external Dinaridic thrust belt. The broad aprons of flysch 
deposits, stretching from the Bay of Trieste into Albania, 
prograded also westwardly through the Late Eocene and Oli­
gocene. They marked the polyphase collision of Adria and 
Dinarides on the west and they are coeval with the subduc­
tion processes on the northern margin of the Dinarides. 

The strong Miocene compression resulted in the inde­
ntation of Adria towards the Southern Alps, in uplift of an 
elongated megastructure along the medium part of the Ad­
riatic sea, considered as the suture zone between Adia and 
Dinarides, and in extension processes and escape tectonics 
which created the Pannonian Basin. Inside the Dinaridic thrust 
belt it is reflected as a system of transtension and transpression 
structures related to the strike and oblique slip faulting. 

After the Miocene, the compression was transmitted 
further west, underthrusting Adria toward the Apennines. 
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The Orava Basin is an intramontane basin, superimposed 
upon the boundary between the Inner and Outer Carpathians, 
which is filled by fresh-water Neogene molasses and Qu­
aternary sediments. A part of the basin fill is the Upper 
Miocene-Pliocene Domanski Wierch series, more than 220 m 
thick. Within the series, clasts (up to 1.3 m in diameter) are 
commonly fractured. In particular exposures, these fractures 
occur either as a single set of extensional joints or as two sets 
of shear fractures conjugated under small dihedral angle. 
The fractures were formed due to regional stress field with 
the maximum stress axis horizontal and trending NE to 
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NNE. It follows from the analysis of tectonic deformation 
in the Orava Basin substratum that a similarly oriented stress 
field occurred in the area during Middle Miocene time. 
Moreover, the results of break out analyses in that part of the 
West Carpathians indicate that similarly oriented stress field 
occurs there at Present. We conclude, therefore, that the 
stress arrangement within the Orava Basin region has not 
undergone significant rotations since the Middle Miocene. 
Such an arrangement has been characterised by the horizon­
tal maximum stress axis, trending NE to NNE. 
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Mt. Medvednica, which has been for a long time treated 
as a part of the Northwestern Dinarides, is included in the 
Croatian part of the Mid-Transdanubian zone and positioned 
along the ZZL. However, Mt. Medvednica differs from the 
Dinarides with its mixed Alpine and Dinaridic lithologies 
which can be separated in to 4 groups. 

1) Paleozoic-Triassic metamorphic complex composed 
of mainly black metasediments, interlayered with orthogre­
enschists derived from tholeiitic basalts. Its older part is 
Silurian to Permian and the younger part is spanned between 
Scythian and Carnian. The magmatic sedimentary complex 
was affected by very low- and low-grade synkinematic 
metamorphism which took place during the Early Cretaceo­
us (122-110 Ma). Based on this Early Alpine metamorp­
hism, this unit bears elements of the Eastern Alps. 

2) Dinaridic ophiolite melange is overthrust by the Pa­
leozoic-Triassic metamorphic unit. This is the Jurassic/Early 
Cretaceous olistostrome melange, which was subsequently 
strongly tectonized; includes fragments of predominant nati­
ve graywacke with basalt, diabase, gabbro, peridotite, shale, 

chert and exotic, stratigraphicaly and environmentally varied 
limestones, which are embedded in a pervasively sheared 
shaly-silty matrix. This complex has the typical Dinaridic 
affinity. 

3) Campanian-Maastrichtian-Paleocene flysch sedi­
ments are represented by conglomerate, sandstone, shale, calcite 
shale and limestone. They unconformably overlie the Paleozoic­
Triassic metamorphic complex and Dinaridic ophiolites. 

4) Triassic platform limestone and dolomite, in some 
places underlain by Scythian sediments, represent the ea­
sternmost extension of the Sava nappe and display the 
Southern Alps affinity. 

Final emplacement of Mt. Medvednica along the ZZL 
took place during Pliocene and Quaternary times. These 
youngest tectonic movements strongly obliterated mutual 
primary relations between the main lithologies originated in 
different parts of the Tethys. The Dinaridic ophiolites were 
probably displaced along the ZZL in Miocene time from the 
Dinaridic Ophiolite Zone. The Triassic carbonate platform 
fragments of the Southern Alps affinity, originally included 
in the Sava nappe, were probably transported in its position 
by escape tectonics. The most enigmatic is the origin of 
Paleozoic-Triassic metamorphic complex of the Eastern 
Alps affinity. Our data suggest that the ZZL could be treated 
as the northwestern boundary of the Dinarides. 
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Mesozoic igneous rocks are widespread on the south 
slope of the Ukrainian Carpathians (Chivchin mountains, 
Rahiv zone, U golka river, Trostianets and Vulhovchik stre-

ams) and in the basement of the Transcarpathian depression. 
At the first stage of investigation we subdivided them, 
according to territorial principle, into five complexes: Trans­
carpathian (basalts, diabases, picritic tuffs), U glia (diaba­
ses), Rahiv-Chivchin (basalts, diabases), Trostianets 
(basalts, basaltic andesites and trachytes) and Vulhovchik (tra-
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