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of the Transylvanian plate, simulating the rift push force 
beneath the Pannonian Basin due to litho spheric thinning. 
The model reproduces the first order features of the stress 
field of the last two stages of the collision. That is a homo-

geneous more or less E-W directed stress field in the Tran
sylvanian area and strong deviations from the regional pat
tern in the weakness zones representing the E and S 
Carpathians. 
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Balancing extension in the Pannonian Basin with E
ward translation and shortening in the E-Carpathians shows 
that no significant E-ward escape « 25 km), took place in 
the eastern Alps. We show that passive extension followed 
by active upwelling of the mantle lithosphere is a more 
viable mechanism for during the Panonian Basin formation. 

We model the dynamic interplay between far-field dri
ven passive extension and active thinning of the mantle 
lithosphere by convective up welling beneath the rift zone. 
We predict that time-scales of- and stresses generated by
both processes are comparable. 

We employ a two-dimensional thermo-mechanical fini
te element model with a non-linear visco-elasto-plastic 
rheology. The power law viscous rheology is temperature 
and strain-rate dependent. Brittle behaviour is modelled 
using Mohr-Coulomb plasticity. 

Thermal buoyancy, related to the syn-rift asthenospheric 
doming, drives active up welling in a litho spheric scale con
vection cell. In this way horizontal stresses are generated 
which begin to compete with the far-field intraplate stress. 
In the late syn-rift or early post-rift stage, domal forces may 
dominate and even drive the system, causing a change from 
passive to active rifting mode. If this transition occurs, the 

numerical model predicts: 1) drastic increase of sub-crustal 
thinning beneath the rift zone, 2) lower crustal flow towards 
the rift flanks, 3) the coeval occurrence of tensional stresses 
within and compressive stresses around the up welling re
gion, 4) possible surface uplift. Late post-rift cooling remo
ves the thermal buoyancy forces. At this stage, the far-field 
forces dominate the stress-state again and the lithosphere 
becomes more sensitive to small changes in the intra-plate 
stress field. 

The model predictions may explain several poorly un
derstood observations that characterise the Pannonian Ba
sin. Among others features there are observed strong 
differential thinning, e.g. intermediate crustal extension, 
[1.6-1.8] and strong thinning of the mantle lithosphere 
[8-10], the late (end of syn-rift - early post-rift) shallow 
mantle related ca1c alkaline vo1canics, a second phase of 
extension in the post-rift of the basin, the post-rift surface 
domal uplift, the coeval occurrence of extension in the 
internal basin part and compression in the external parts of 
the system, and late stage acceleration of subsidence caused 
by compressive intraplate stresses. The model predictions 
also suggest that the thickened crustal roots of the Apuseni 
Mts and the Transdanubian Range and related surface uplift 
may be interpreted in terms of rift flank uplift associated, 
with extension of a weak lithosphere (shallow level of 
necking case) and lower crustal flow outwards of the rift 
zone. 
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For the Polish Outer Carpathians (POC) and the Carpathian 
Foredeep directions of the contemporary maximum horizontal 
stress (SHmax) were determined by means of bore hole breako
ut analysis method for 29 wells. Geometry of the borehole wall 
surface was investigated using six-arm dipmeter tool. Digital 
data were processed with SPIDER program. 

The results of stress analysis are presented separately for 
two distinguished regions: western segment of the POC 
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(westward from the Krak6w-Nowy Sctcz-Krynica line) 
characterised by Upper Silesian Massif basement and east
ern segment of the POC (the rest of the area), underlains by 
the Malopolska Massif basement. 

For three wells, in the western segment of the POC, 
systematic counterc1ockwise SHmax rotation with incre
asing depth in the range of 30-60 was determined. Less 
complete profiles of the next 3 boreholes constrained this 
trend of stress distortion. The following SHmax distribution 
is proposed for this region: the Carpathian flysch nappes 
are characterised by NE-SW to N-S-oriented SHmax; un-



folded autochthonous basement which comprises the Mio
cene, Upper Palaeozoic and Precambrian rocks is under 
NNW to NW -directed compression. 

In the eastern segment of the POC, for the Silesian nappe 
and Skole nappe, moderate and low quality data from 3 wells 
indicate SHmax orientation in a range from NNE to NE, thus 
roughly perpendicular to the trend of the nappes. For the 
basement of the nappes good quality data from 9 wells show 
that SHmax varies in the narrow range of azimuths: 5-20. 
Low quality data from the folded and unfolded Miocene 
molasse deposits in front of the orogen reveal SHmax per
pendicular to the front of the orogen. 

Generally, for the basement of the orogen, stress direc
tions create radial, fan-like pattern, with SHmax transversal 

Przeglqd Geologiczny, vo!. 45, nr 10, 1997 

to the general trend of the orogenic arc. Another distinguis
hed feature is systematic counterclockwise SHmax rotation 
with increasing depth in the western segment of the POC. In 
the author's opinion NNE compression in both the nappes 
of the western segment as well as in the autochthonous 
basement of the eastern segment of the POC is produced by 
the Carpatho-Pannonian collision front which is advancing 
towards NNE, stress rotation with depth for the western 
segment of the POC is due to the compensation of Mur-Mu
erz-Zllina fault. NNW to NW -oriented compression in the 
basement of the western segment of the POC is generated 
by the other set of the plate forces acting at the West 
European Stress Province. 
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The Adria or Apulian plate initiated rifting during the 
Middle Triassic. During the Early Jurassic, due to extensio
nal block-faulting in the south Tethyan realm, the Adriatic
Dinaridic Carbonate Platform (ADCP) was individualized 
as one among the numerous carbonate platform settings, 
separated by deeper-water troughs with pelagic sedimenta
tion. 

On the ADCP, the carbonate platform-type deposition 
persisted until into the late Mesozoic, or even Eocene. This 
included a wide array of well-individualized environmental 
and depositional sub-settings. 

Generally, of course, the deposition was taking place in 
very shallow water environment, and therefore, the ADCP 
sedimentary succession consists mostly of small-scale shal
lowing-upward cycles. However, because of the top-flatte-

ned morphology of the ADCP, both eustatic and relative 
sea-level changes produced far-reaching changes in local
to-regional environmental and depositional settings. Where
as minor, high-frequency sea level oscillations were 
reflected in local alternation of shallow subtidal, intertidal 
to supratidal facies, eventually producing a hundreds of 
meters thick layer-cake stacking of deposits, punctuated by 
short-lasting and local emersion surfaces, major (eustatic?) 
sea-level changes, especially if coupled with synsedimenta
ry block-faulting and tilting of blocks, caused intermittent 
drowning of the carbonate platform and killing the shallow 
water platform biota, or, alternatively, regional-scale emer
sions, sometimes with clayey and/or conglomeratic intercala
tions, paleokarstic surfaces with bauxite, etc. Relying on 
biostratigraphic correlation (which is, admittedly, not everyw
here equally precise), those surfaces can be shown to occur 
more or less simultaneously over the entire ADCP and can 
therefore be used as sequence boundaries. 
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The origin of the Carpathian Foredeep is connected with 
the development of the Carpathians and their foreland. This 
foredeep may be recognised as a prolongation of the Outer 
Carpathians formed in final phases of this orogeny. 

During the Lower Miocene the terrigenous deposits 
were formed in front of the Carpathians. In the eastern part 
they are approx. 3000 m thick and their age is determined as 
Eggenburgian-Badenian. In the western part the sedimenta
tion began later, during the Ottnangian-Karpatian stages. 

During the Lower Badenian the sea broke into the fore
deep. The Opolian (Lower Badenian) terrigenous deposits 

were formed, then the Bochenian (Middle Badenian) chemi
cal-evaporite deposits and finally the Grabovian (Upper 
Badenian) over-evaporite sediments with a total thickness 
of approx. 800 m in the south and approx. 30 m in the north. 

Further expension of the basin over a whole area of the 
Malopolska mainland up to Holy Cross Mountains and far 
away to the Ukraine occurred in the Lower Sarmatian. The 
thickness of the Lower Sarmatian, developed as clayey-san
dy sediments, reaches 3500 m. Within the Miocene basin 
two main units have been distinguished on grounds of sedi
mentary character and tectonic setting: 1 - Stebnik unit 
(K. Tolwinski) also called the inner unit (Eggenburgian-Ba
denian stages). Within the territory of Poland this unit covers 
only a small area from the eastern border to the Przemysl 
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