
ching, and by repeated events of horizontal extension. Struc
tural analyses of some 70 outcrops revealed the following 
kinematic evolution: (1) NNW -directed thrusting affected 
the entire nappe pile of the Outer Carpathians. Consistent 
data come from the Andrych6w Klippen, from the floor 
thrusts of the Subsilesian, Silesian, Fore-Magura, and Ma
gura nappe, as well as from the Siare, Racza and Bystrica 
slices within the Magura nappe. Soft -sediment deformation 
structures in Oligocene flysch sediments and regional com
parison indicate that NNW -directed thrusting lasted from 
the Eocene/Oligocene up to the Early Miocene. 

(2) Thrust faults formed by NNW -directed shortening 
were reactivated as normal faults during subsequent NW -di
rected extension. Close to the Molasse basin, NW -directed 
normal faulting towards the foreland dominated. Prominent 
NW -dipping listric faults and rollovers indicate that exten
sion roots in an unknown detachment horizon. 

(3) NNW -directed thrust faults and related folds were 
overprinted and refolded during NE-directed shortening as 
already described by Pawel Aleksandrowski. During the 
same event, the floor thrust of the Fore-Magura nappe, the 
thrust contact of the Silesian and Magura nappe, and the 
floor thrust of the Bystrica slice within the Magura nappe 
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were reactivated as sinistral wrench faults. These faults 
contain convergent strike-slip duplexes forming tectonic 
windows. Examples are the Fore-Magura windows in the 
Magura nappe east of Zywiec, and slices of Cretaceous 
flysch which were squeezed up along the reactivated floor 
thrust of the Bystrica slice. We propose that sinistral faulting 
along the Silesian-Magura contact linked up with NE-direc
ted out-of-sequence thrusts farther east. There, a number of 
Subsilesian windows crop out in front of the NE-directed 
floor thrust of the Magura nappe. Regional comparison 
suggests Middle Miocene age for sinistral faulting and NE
directed thrusting. 

(4) The youngest event recorded by fibrous slickensides 
is NE-SW -directed extension. NW -SE-trending grabens 
cut thrusts and wrench faults. Important normal faults may 
account for vertical throw in the scale of one kilometer. 
Regional comparison shows that extension affected both the 
overthrust units and the autochthonous foreland. The absen
ce of rollovers indicating planar faults which do not root in 
some detachment horizon corroborates this interpretation. 
Extension likely occurred in the Late Miocene to Pliocene 
as the structures are comparable to the graben of Gottwaldov 
in Moravia which is filled by sediments of corresponding age. 

Thermal and rheological structure and evolution of the Iithosphere 
clues of tectonic interactions in the Carpatho-Pannonian area 

Crisan Demetrescu1, M. Andreescu1, G. Polonic1 & M. Ene1 

IInstitute of Geodynamics, 19-21 1.L. Calderon, R-70201, 
Bucharest-37, Romania 

The temperature field of the lithosphere and, consequ
ently, the mechanical state, in particular its rheology, are 
strongly dependent on the past or ongoing tectonic proces
ses involving the entire lithosphere or parts of it. The paper 
presents the rheological consequences of tectonic processes 
for areas in the Carpathian system. It is shown that the 
pre-Miocene subduction of an oceanic lithosphere followed 
by a Miocene continental collision leading to the Moldavi-

dic tectogeneses responsible for the present day structure of 
the Eastern Carpathians is a major thermal event, creating a 
characteristic temperature field ofthe lithosphere, persist
ent for a few tens of million years, with certain volumes 
in which intermediate-depth earthquakes can occur. The 
thermal and rheological structure is discussed in connec
tion with the seismic structure as revealed by tomographic 
studies of the area. The extension of the Pannonian litho
sphere since the Badenian, and the complex evolution of 
the Transylvanian Basin since the Senonian are discussed 
as well. 

The shallow Iithospheric mantle beneath the Carpathian·Pannonian 
region: evidence from ultramafic xenoliths 

Hilary Downes1, Orlando VasellP & Marge Wilson3 

IDepartmentofGeology, Birkbeck College, London Univer
sity, Malet Street, London, WC1E 6BT, UK 
2 Department of Earth Sciences, University of Florence, Via 
G. La Pira 4, 50121 Florence, Italy 
3Department of Earth Science, Leeds University, Leeds 
LS291T, UK 

The nature of the shallow litho spheric mantle beneath 
the Carpathian-Pannonian region has been investigated via the 
study of several suites of mantle-derived ultramafic xenoliths 

which occur in the widespread Tertiary/Quaternary mafic 
alkaline magmatism of the region. Localities of mantle 
xenoliths include the Balaton Highlands, Graz Basin, Little 
Hungarian Plain, Nograd-Filakova and Persani Mountains, 
so geographical coverage is wide. Most of the xenoliths are 
anhydrous spinel peridotites, with harzburgites, dunites, py
roxenites and hornblendites being much less common. 

The mineralogical and chemical variations of xenolith 
suites found in most Carpatho-Pannonian localities are very 
similar, reflecting the operation of similar processes in the mantle 
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beneath the different localities. The most important mantle 
processes are: (1) depletion of the mantle to varying extents 
by partial melting - this event is much more ancient than the 
subsequent events; (2) enrichment of the lithospheric mantle by 
the introduction of mafic melts from the deeper asthenosphere. 

Most of the mantle enrichment is related to alkaline 
magmatism, including Late Cretaceous lamprophyric and 
carbonatitic magmas, and Neogene alkaline basaltslbasani
tes. The resulting cryptic metasomatism (indicated by 
LREE-enrichment in the constituent clinopyroxenes) and 
modal metasomatism (indicated by the presence of intersti-

tial hydrous phases and formation of amphibole veins) 
shows isotopic and REE similarities to the host alkali basal
tic magmas. 

Despite close proximity to regions of subduction-related 
magmatism, infiltration of subduction-related fluids or melts 
into the litho spheric mantle of the Carpathian-Pannonian 
region is not easily detected in REE and most isotopic 
compositions. High 87Sr/86Sr ratios and unusual enrich
ments in Pb isotopes in some xenoliths from the Balaton 
Highlands are the main indication of such subduction-rela
ted infiltration. 

IlIite/smectite diagenesis in the Carpathian Foredeep; preliminary results 
and comparison with the East Slovak and Vienna basins 

Teresa Dudekl 

1 Institute of Geological Sciences, Polish Academy of Sciences, 
Senacka 1,31-002 Krak6w, Poland 

The conversion of smectite to illite has been studied in 
the Miocene shales of the eastern part of the Carpathian 
Foredeep in Poland. The basin, whose Neogene evolution 
was affected by the final stages of subduction of the North 
European platform under the Carpathians, is characterised 
by relatively cool thermal conditions. 

The transformation of smectite to illite through mixed
layer intermediates is the most important mineral indicator 
of diagenetic evolution of sedimentary basins. 

The investigated samples of shales were taken from the 
three boreholes: 

Jod16wka-4: the Miocene sediments are buried under 
the 1345m thick Carpathian overthrust; 

Buszkowiczki-4: the well is located at the front line of 
the Carpathian overthrust; 

Zalazie-2: the well is situated about 15 km north of the 
front line of the Carpathian overthrust. 

Illitization of smectite has been studied in <0.2 !-lm fractions 
of shales by X -ray diffraction techniques of Jan Srodon. 

In the three boreholes, diagenetic evolution of mixed-

layer illite/smectite has been observed as a general trend of 
decreasing % smectite in mixed-layer minerals with depth. 
However, in Jod16wka-4 this process advances at slower 
rates (measured in ~ % smectitell 00 km below the onset of 
illitization) than in the other two boreholes. These differen
ces are interpreted as related to the variations in thermal 
conductivity in different parts of the basin which, in turn, are 
due to variations in lithology (thermal conductivity is higher 
in psarnmitic than pelitic rocks). The Miocene of lod16wka-
4 is covered by the Carpathian rocks which have lower clay 
content than the Carpathian Foredeep sediments, therefore 
geothermal gradient and the degree, of diagenesis in this 
region are lower than in more northern parts of the basin. 

The illitization of smectite in the Miocene of Carpathian 
Foredeep has been compared with the data from the East 
Slovak and Vienna Basins which are intramountain depres
sions of the Alpine-Carpathian orogenic belt. The trends of 
diagenesis reflect general variations in thermal conditions 
between the basins. The degree of diagenesis in the Carpat
hian Foredeep and Vienna Basin is comparable as the basins 
are characterised by similar, relatively low geothermal gradient. 
The conversion of smectite to illite in the East Slovak Basin 
progresses much faster because the basin has very high heat flow. 

The 300-km-Iong Innsbruck-Salzburg-Amstetten (ISAM) fault system: 
A major displacement line in the northern Eastern Alps 

H. Eggerl & Herwig Peresson2 

1 Geological Survey of Austria, Wien, Austria 
2Institute of Geology, University of Vienna, Wien, Austria 

Detailed mapping in the Flysch zone and micro tectonic 
survey allow to trace a large scale shear zone in the northern 
Eastern Alps between Innsbruck (Tyrol) and Amstetten 
(Lower Austria). Mosaicking the different fault segments to 
a continuous shear zone adds another order displacement 
line to the Miocene lateral extrusion of the Eastern Alps. 
This over 300-km-long fault system crosses the Northern 
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Calcareous Alps (NCA), the Flysch zone, the Ultrahelvetic 
units and finally the Molasse zone. Minimum cumulative 
sinistral offset in the Flysch and Molasse zone is 48 km. The 
IS AM-fault therefore is of similar importance as the well 
known Salzach-Ennstal fault system which also originated 
during eastward lateral extrusion of the central Eastern Alps. 

The NE-striking IS AM-fault is kinematic ally linked 
with the N-S trending Brenner normal fault which merge 
together near Innsbruck. Normal dispalcement of the Bren
ner line during unroofing of the Tauern window was trans-


