
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 

Przeglqd Geologiczny, vol. 45, nr 10, 1997 

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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chydolerites). Later we discovered, that they have distincti­
ve major and trace element characteristics, as the result of 
their different origin. 

Basalts and diabases of the Transcarpathian, U glia and 
Rahiv-Chivchin complexes are similar to each other in their 
major element compositions, with 49-51 wt.%Si02, 1.5-2.5 
wt.% Ti02, 18.2-18.8 wt.% A120 3, 12 wt.% FeO (total Fe 
expressed as FeO), 4-6 wt. % MgO, 8-11 wt. % CaO, 3-4 wt. % 
Na20, 0.4-1.35 wt.% K20, 0.4-0.6 wt.% P20 S• They cor­
respond to sub-alkaline tholeiitic rocks of oceanic floor. The 
majority of rocks normalised to MORB show low concen­
trations of Cr, Sc, Co, Ni and are slightly enriched in V, Zn, 
Pb, U and lithophile elements - Rb, Sr, Zr, Th, Ba, Nb. We 
consider them to be fragments of dismembered Mesozoic 
ophiolitic sequences. However, the distribution of trace 
elements (enrichment in lithophile and depletion in ferric 
elements) indicates that these rocks are not directly related 
to mid-ocean ridge, and were formed from non-evolved 
mantle in the narrow trough with oceanic crust. 

Picritic tufts of the Transcarpathian complex corre­
spond to sub-alkaline melanocratic rocks. In terms of 
trace elements they characterised by normal distribution 

of Sc, Co, I (in comparison with pi critic standard), low 
concentrations of Cr and Ni, and are strongly enriched in Pb 
and lithophile elements - Sr, Ba, Rb, Zr, Nb, Th. Geoche­
mical features suggest the interplate origin of picritic tuffs. 
From our point of view they mark the initial stage of conti­
nental crust destruction in this region. 

Magmatic rocks of Trostianets complex, in comparison 
with the basaltic rocks described above, have decreased 
FeO (10 wt.%), MgO (3.1 wt.%), increased Na20 (4.6 wt.%) 
and K20 (2 wt. %) content and correspond to magmatic 
formations of continental crust. These rocks much more deple­
ted in Fe-group elements, especially V and Cr, and enriched in 
lithophile elements (Ba, Rb, Nb). High content of U is chacteri­
stic. Probably, they were formed in conditions of intracontinental 
rifting. 

Trachydolerites of Vulhovchik complex correspond to 
alkaline rocks. They are characterised by high potassium con­
tent (3-6% ) and belong to continental formations. With respect 
to other magmatic complexes they are strongly depleted in Cr, 
Ni, Sc and enriched in Sr, Zr Nb and Ba. The origin of 
trachydolerites is closely connected with the pre-existing con­
tinental block, which separated two oceanic troughs. 
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The Mio-Pleistocene calc-alkaline and alkaline volca­
nism in the Carpatho-Pannonian Region (CPR) has provo­
ked an intense hydrothermal activity which is partially 
reflected in the present occurrence of numerous natural gas 
manifestations and mineral and thermal water springs. The 
easternmost sector of the Carpathian chain has a remarkable 
number of gas seeps and spontaneous mineral springs, emer­
ging from both the volcanic terrains of the Hargita Mts and 
the Paleogene flysches and, partly, in the Vrancea zone. The 
recently established joint project between the CNR of Flo­
rence and the Romanian Geological Survey has permitted us 
to collect 22 gases analysed for both main (e.g. CO2, N2, 
CH4) and minor (e.g. He, Hb H2S, Ar) components. Isotopic 
composition of carbon in CO2 and He has also been deter­
mined in selected samples. Generally speaking, setting aside 
those gas manifestations located in the Vrancea zone and 
characterised by CH4 95%, most of the eastern Carpathian 
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gases are CO2 - rich (80%) with carbon isotopes ranging 
from -10 to -2 per mil (PDB), indicating an origin of CO2 
mainly derived from either deep sources (mantle) or thermo­
genic reactions (crustal). In order to solve this problem, the 
3He/4He isotopic ratios (usually referred as rationed to the 
atmospheric ratios: RlRA) have been used, since they offer a 
quite unique opportunity to identify juvenile components in 
natural fluids. 3He is, in fact, exclusively released from the 
mantle, since its trapping during the formation of the primor­
dial nebula and its present formation in the atmosphere is 
virtually neglegible. The investigation of 3He excess has 
been extensively adopted to recognise those areas which are 
suffering a tectonomagmatic activation and the Alpine re­
gion has offered this opportunity to several researchers. 
However, no 3He/4He data are available for the area where 
the youngest volcanic activity in the whole CPR occurs. The 
He isotopic data gathered vary from RlRA = 0.01 (crus tal) to 
4.42 (50% of mantle origin), with a clear tendency to incre­
ase in the area around the Ciomadul volcano and Hargita Bai, 
the former being the volcano, where the last eruptive event was 
at about 35 ka. Further more, these data agree well with the heat 
flow data. Although the main reservoirs, such as crust and 
atmosphere, play an important role in the composition of the 
Eastern Carpathian gases, a contribution by mantle degassing 
being relatively significant. 




