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A preliminary study of gravity field in
the Eastern and Southern Carpathians
and the narrow continental rifts in the
Pannonian Basin

~Miroslav Bielik!, Victor Mocanu? Antal Adam®,
Corneliu Dinu? and Robert J. Lillie*

' Geophysical Institute, Bratislava, Slovakia

2 Department of Earth Sciences, Bucharest, Romania

3 Geodetic and Geophysical Institute, Sopron, Hungary
4 Department of Geosciences, Corvallis, Oregon, U.S.A.

Preliminary two-dimensional gravity models are
along a Eastern Carpathian-
Transylvanian basin-Pannonian basin transect and
a Eastern Carpathian-Transylvanian basin-
Southern Carpathian transect. The models are
based on lithospheric cross-section on the Galati-
Chisineu Cris profile, geological crustal cross-
sections, published maps of crustal, lithosperic and
sediment thisknesses, topography and detailed
analysis of the long-wavelength Bouguer anomaly
in Romania by local isostatic equilibrium study. The
results show extensional lithosphere structures of
the Transylvanian and Pannonian basin agree with
the gravity field. Moreover, they indicate a crustal
slab under the Eastern and Southern Carpathians.

The Pannonian basin is very suitable region for
study of the image of the narrow continental rift as
a mode of continental extension tectonics. In order
to constrain the lithospheric structure of the Bks
basin - the most available example of the narrow
rit mode extension - gravimetric and magneto-
telluric studies are presented. The study of the
narrow rifts in the Pannonian basin suggets that an
applied mode of continental extension tectonics
from Buck for the Bk,s basin would be modified.
The modification consists in consideration of
intrusions of the high-density masses within the
crust beneath the deep subbasin. The Bks basin
is characterized by upwelling not only the Moho but
also asthenosphere. In spite of significant thickness
of the sedimentary basin fill the narrow rifts in the
Pannonian basin are followed by relative gravity
highs.

Alpine structure and geodynamic
evolution of the Balkanides

Christo Dabovski', S. Popov?, T. Tzankov' and
Alexander Velev?

' Geological Institute, Bulgarian Academy of Sciences, Sofia
2 Geology and Geophysics, Sofia, Bulgaria

Recent plate tectonics concepts interprete the
Alpine thrust belt on the Balkans as a mosaic of
paleogeodynamic units, some of local and other of
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exotic origin, accreted to the Eurasian continent
during the closure of the Tethys. The Balkanides,
thrusted to the north over the foreland, form the
external parts of the orogen.

The Alpine orogen is divided into two parts by
the Vardar-lzmir-Ankara ophiolite suture - the main
trace of the Tethys ocean which opened probably
in the Middle Jurassic and closed during the Late
Cretaceous or the Middle-Late Eocene. The
northern part of the orogen includes mainly
geodynamic units of the Eurasian continental
margin and the southern one far-travelled
fragments from Africa welded by sutures of
different age and scale.

Parts of two first-order paleogeodynamic units
are identified on the territory of Bulgaria: Moesian
microcraton (foreland of the Alpine orogen) and
deformed continental margin (the orogen itself).

The Moesian microcraton accreted to the
Eurasian margin towards the end of the Paleozoic.
It comprises a 3-5 km thick sequence of dominantly
subhorizontal Mesozoic and Neozoic sediments
overlying a pre-Paleozoic and Paleozoic folded
basement. The cover rocks were deposited in
shallow marine epicontinental basins  with
occasional and short continental depositional
breaks. Major unconformities have been drilled at
the base of the Triassic, Jurassic, Upper
Cretaceous and the Neogene.

The deformed continental margin is a system of
north vergent thrust sheets which contain
fragments of the microcraton; of marginal flysch
basin sediments formed during the Early-Middle
Jurassic, Late Jurassic-Early Cretaceous and Late
Cretaceous; of local, proximal and exotic tectonic
units (or terranes) accreted to the continental
margin during the Late Jurassic and the Early
Cretaceous; of a Late Cretaceous volcanic island-
arc system with recognisable frontal, axial and
back-arc elements, A system of LateTertiary
extensional basins is superimposed upon various
units of the deformed continental margin.

Five stages may be recognised in the Alpine
evolution of the continental margin: Triassic-Middle
Jurassic (stage of passive continental margin in the
northern periphery of the Paleotethys);, Late
Jurassic-Early Cretaceous (stage of passive
continental margin in the northern periphery of the
Neotethys); Late Cretaceous (stage Auf active
continental margin and growth of the Srednogorie
volcanic island-arc); Early Tertiary (collisional
stage); Late Tertiary: (extensional stage).



The Vienna Basin: tectonics,
subsidence and thermal evolution of a
thin-skinned pull-apart

Kurt Decker', Bernhard Grasemann' and Anco
Lankreijer®
! Department of Geology, University Vienna, Austria

2 Institute for Earth Sciences, Vrije Universiteit Amsterdam, The
Netherlands

The sediments of the Vienna pull-apart basin
unconformably overly Alpine-Carpathian thrust
sheets and sediments of an Early Miocene piggy-
back basin which were thrust over the European
(Bohemian) basement between the Eocene the
early Miocene (c. 55 to 17 Ma). The formation of
the pull-apart between the Karpatian (17 Ma) and
the Pannonian stage (c. 8 Ma) coincides with the
transition from post-collisional thrust shortening to
the eastward lateral extrusion of the Alpine units.
During extrusion, a sinistral transform system
evolved which continued from the central Eastern
Alps through the Vienna Basin into the Outer
Carpathian Flysch nappes. The tectonics which led
to Middle Miocene subsidence of the Vienna Basin
between left-stepping segments of this transform
fault can be described as divergent strike-slip
duplexes. Rhomb-shaped duplexes from several
hundred meters length up to the size of the entire
basin are delimited by NE-striking sinistral faults
and by connecting NNE-striking oblique-normal
faults. Such duplexes were mapped along the
basin margins and by 3D-seismic surveys of the
OMV in the basin (Hausler et al., this vol.).
Extension and strike-slip faulting was restricted to
the Neogené sediments and the Alpine-Carpathian
nappes overlying the European basement, i.e., to
the uppermost 10-12 km of the crust.

Paleogegraphic maps show that the pull-apart
basin acquired its outline in less than 1 Ma (within
the Karpatian stage) and that the basin shape did
not change during the Middle Miocene. High total
basement subsidence, high subsidence rates (up
to 5.8 km in 9 Ma), and comparably low finite
extension (20-30%) characterise the duplex-
shaped basin.

The basement subsidence of a divergent strike-
slip duplex mainly is a function of the geometries
and the kinematics of the basin boundary faults.
Strain rate, duplex size, and depths to detachment
determine amount and velocity of subsidence.
Basement subsidence curves computed for a
duplex of constant volume show that subsidence
rates decrease with time, resembling subsidence
curves of the McKenzie rifting/thermal cooling
model. However, unlike in the McKenzie-model,
this decrease is not due to thermal processes
during cooling of the basin. Concave-up
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subsidence curves result from the strain geometry
and from isostatic rebound effects.

The thermal evolution of a thin-skinned
extensional basin which formed by extension of the
uppermost crust has been modelled by finite
difference algorithm. The model was set up for a
100 km thick lithosphere (30 km crustal thickness)
with an initial steady-state geotherm and constant
heat flux at the base of the crust as lower boundary
condition. Crustal temperatures were computed for
a 50 m grid which gives extremely good spatial
resolution. Thin-skinned extension was modelled
by a pure-shear velocity field applied to the
uppermost 12 km of the crust. The resulting ,basin*
was continuously filled with sediments and a
velocity field was constructed which accounted for
synsedimentary  deformation. Models were
computed for 9 Ma subsidence, constant strain
rate, 60% vertical thinning, and different sediment
conductivities. The results show that thin-skinned
extension hardly changes the initial thermal
conditions and that only a very minor downbending
of isotherms occurs. Advective downward transport
of cool crust in the strained area overlaps and is
nearly extinct by heat convection from the base of
the lithosphere to the surface.

In sum it can be shown that subsidence of thin-
skinned extensional basins is a function of strain
geometries, deformation mechanisms, and isostatic
rebound effects which result from the substitution
of basement rocks by the unconsolidated basin-fill
sediments. Thermal processes are not important
for the subsidence of such basins. For the
description of the Vienna pull-apart basin, the
model of a divergent strike-slip duplex with a basal
detachment which coincides with the floor thrust of
the Alpine-Carpathian nappes seems to be most
appropriate.

New geothermal measurements in
Transylvanian Depression. Preliminary
report on a joint cooperation between

the Institute of Geodynamics -
Bucharest, Romania, and the
Geophysical Laboratory - Aarhus,
Denmark

Crisan Demetrescu’, S.B. Nielsen?, M. Ene', N.
Balling?, D. Ivan’, G. Polonic' and M. Andreescu’

! Institute of Geodynamics, Bucharest, Romania
2 Geophysical Laboratory, Aarhus, Denmark

From the heat flow point of view the
Transylvanian Depression is well known as a
remarkable low, in contrast to other Neogene
basins in the Carpatho-Pannonian-Dinaride
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system. A joint cooperation between the institute of
Geodynamics - Bucharest and the Geophysical
Laboratory - Aarhus on the heat flow and
lithosphere evolution in the Transylvanian and
Pannonian basins started in 1996 as a contribution
to the subproject "Paleo Heat Flow and Fluid Flow

- in the Transylvanian and Pannonian Basins" of the

" PANCARDI Project of EUROPROBE. Funding is
provided by the Romanian Academy and the
Danish Natural Science Research Council.

A campaign of borehole temperature
measurements was undertaken in August 1996
and the data from 12 thermally stabilized boreholes
in unsampled areas of the Transylvanian Basin will
be reported in this paper. The logging system built
by the Geophysical Laboratory of Aarhus
University consists of a quartz thermometer, a
winch driven by an electric motor, a two conductor
cable of length 1.5 km, a cable counter for depth
measurement and a PC for data acquisition. The
power is supplied by a generator. The temperature
measurement system is based on the counting of
the frequency of a quartz oscillator. The
advantages of this system over a thermistor based
four conductor system are high stability and the
requirement of only a two conductor cable. The
quartz crystal is cut to produce an almost linear
temperature coefficient of about 1 kHz per degree.
The frequency of the quartz crystal is about 9 MHz.
Because such a high frequency leads to
transmission problems over a long borehole cable
the frequency is divided using a CMOS divider prior
to transmission. At the surface the signal is filtered,
amplified and multiplied to yield a frequency of
about 28 MHz. The power requirements of the
probe is 10 mA which is supplied from the surface
via one of the two conductors. As the boreholes
were only partially filled with water, the system was
used in the continuous logging mode, with a few
stops in the air column to obtain the parameters
characteristic to the heat transfer from borehole to
thermometer. A deconvolution procedure has been
used to derive temperature and gradient variations
with depth.

Neogene magmatism and tectonics in
the Carpatho-Pannonian region

Hilary Downes
Department of Geology, Birkbeck College, London, U.K.

Neogene magmatism in the CPR can be
classified into (a) an earliest phase of highly
siliceous acidic pyroclastic tuffs and ignimbrites, (b)
slightly younger volcanism of calc-alkaline affinity,
identical in its petrography and geochemistry to
subduction-related magmatic rocks worldwide; and
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(c) a generally later phase of alkaline volcanism,
similar to the late Tertiary/Quaternary intraplate
activity elsewhere in Europe. An unsolved problem
is the origin of the widespread early acidic
magmatism which began in several regions 19 Ma
ago. It may be linked with lithospheric delamination,
in which hot asthenosphere was brought into direct
contact with the base of the crust, heating it and
causing melting. Such a hypothesis can be tested
using isotopic and other geochemical methods.

The acid magmatism was followed by the
formation  of  subduction-related  andesitic
stratovolcanoes along the West Carpathian arc at
ca, 16 Ma. The majority of these calc-alkaline
volcanoes were extinct by 10 Ma, an age which
coincides with a major E-W compressional event in
the region, possibly related to the entry of
continental crust into the subduction zone. Thus, if
oceanic subduction were responsible for the calc-
alkaline magmatism, then the subducted slab first
reached the required depth for magma generation
of 100-120 km (the "magma generation window")
simultaneously beneath the whole of the Western
Carpathians around 16 Ma ago and ceased to
generate calc-alkaline magma about 6 Ma later.

However, in the Eastern Carpathians there is
significant calc-alkaline magmatism younger than
10 Ma, showing an age-progression along the
chain from 10 Ma in the north to 0.2 Ma at the
southern end of the chain. If an oceanic slab
subducted beneath the East Carpathians then it
must have reached the magma generation window
at a progressively later and later time. It takes a
finite time for a subducted slab of oceanic crust to
reach the temperature and depth of the magma-
generation window; this time-lag could account for
the gap between the cessation of tectonism and
the onset of magmatism. The time interval between
the beginning of subduction and the arrival of the
subducting slab in the magma generation window
will be a function of the angle of subduction and the
rate of subduction. In the East Carpathians the
narrow volcanic zone and fast progressive
movement of volcanism indicates that the period of
time which the slab spent in the magma generation
window was short. This in turn suggests that the
piece of oceanic crust which was subducted was of
small dimension and sank quickly. Slab
detachment in the East Carpathians followed the
arrival of unsubductible continental crust of the
Tornquist zone or East European Platform at the
trench around 10 Ma ago.

The oldest extension-related alkaline magmas
are about 9-11 Ma old and were erupted just as the
calc-alkaline magmatism was waning. This
indicates a "switch" from a collisional tectonic
regime to an extensional one. After this, alkali
basalts occurred sporadically in time and place up



to post-glacial times. These magmas may be
related to a widespread upwelling of the
asthenospheric mantle beneath Europe. They
could not be erupted from the upwelling
asthenosphere until after the subducting slab had
become detached and had sunk into the
asthenosphere. Such "slab window" alkali basalts
have been observed in other regions of the world
when a subducting slab has been detached.

Pre-Alpine and Alpine metamorphic
history of the Sopron Hills (Burgen-
land, Austria)

Erich Draganits and Bernhard Grasemann
Intitut fir Geologie, University of Vienna, Austria

The Sopron Hills, in the borderland between
Austria and Hungary, represent one of the east-
ernmost occurrences of the Central Alps towards
the Carpatians and in spite of the poor outcrop
situation they play an important part in under-
standing the geology of this area. Andalusite (And)
- bearing lithologies of presumed pre-Alpine age
have been recognised in the Hungarian part of the
Sopron Hills for several years. This work deals with
the continuation of these rocks into the Austrian
part of this crystalline massif. Petrological, geo-
chranological and structural investigations of the
partly well preserved pre-Alpine And-bearing rocks
give major insights in the pre-Alpine metamorphic
history, the Alpine overprint and the post-mid-
cretaceous tectonic exhumation by normal faulting.

Lithologies with a relatively well preserved pre-
Alpine mineralogy, which outcrop predominantly in
the uppermost levels of the Sopron Hills, comprise
the Obrennberg-Kaltes Briindl Series (OKB) con-
sisting of schists and feldspar-rich schists with
varying amounts of kyanite, sillimanite, and locally
preserved andalusite. The rest of the massif with
strong Alpine metamorphic overprint comprise
gneisses and monotonous diaphthoritic mica
schists with varying quartz contents and numerous
rectangular to rhomboic pseudomorphs after
staurolite (Stau), which is called Sopron Series
(SS).

Rb/Sr-mineral-ages in both series show partial
Alpine resetting, although this was much more
effective in the SS than in the OKB, where the old-
est mineral-ages of the Sopron Hills are preserved.

The mica schists of both series are geochemi-
cally relatively similar. According to major- and
traces discrimination diagrams, .shales with an
island-arc-signature are the most probable protolith
for these rocks. Major- and trace-element discrimi-
nation diagrams for the amphibolites point to a
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protolith with ocean-floor-affinity, while the gneis-
ses classify as peraluminous syn-collision granites.

The conditions of the pre-Alpine high-T meta-
morphism in the OKB are estimated at 650° C and
3-5 kbar. There is strong evidence for an Alpine
metamorphism in the SS, with peak-conditions at
550 £ 30° C and 9.5 + 1.5 kbar.

The SS in this area is believed to belong to the
Lower Austroalpine "Grobgneis Unit’, whereas the
OKB show striking similarities to the Strallegger
Gneisses and to the ,Dist-Paramorphosenschiefer”
(Koralpe), which are part of the Middle Austroalpine
Units.

- Although the present tectonic arrangement is
supposed to be partly a result of the large scale
nappe-transport during the Alpine orogeny the
dominant ductile deformation within the myionites
and leucophyllites (shear bands, strain fringes,
scc'-fabric, crystal preferred orientation and shape
preferred orientation of dynamically recrystallised
quartz) indicates a top-to-SE extension. These
micro- and mesoscopic kinematic indicators as well
as the geometric arrangement of the ductile to brit-
tle deformation style and the Alpine metamorphic
overprint suggests extensional exhumation along a
SE-dipping normal fault.

Tertiary tectonic evolution of the
Pannonian basin system and
neighbouring orogens: a new
synthesis of paleostress data

Laszlé Fodor!, Laszlé Csontos?, Gabor Bada',
Istvan Gydrfi® and Laszl6 Benkovics®

' Department of Applied and Environmental Geology, Ebtvos
University, Budapest, Hungary

2 Dept. of General and Historical Geology, E6tvds University,
Budapest, Hungary

3 Dept. of Geophysics, E6tvds University, Budapest, Hungary

* Dept. of Engineering Geology, Technical University of
Budapest, Hungary

The combination of a paleostress data base,
borehole, gravity and seismic data,
paleogeographic and stratigraphic information
suggest that 7 major Tertiary tectonic episodes can
be recognized in the Pannonian basin and
surrounding orogens. The first two episodes
affected two, separated major blocks, the East
Alpine-Western  Carpathian-North ~ Pannonian
(Alcapa) and the South Pannonian-Eastern
Carpathian (Tisza-Dacia) blocks.

A Middle Eocene to Early Oligocene N-S
compression is connected to contractional basin
formation in the foreland and hinterland of the
Alpine-Carpathian orogenic wedge. Due to the
north-westward shift of the Adriatic promontory, the
Alcapa terrane was separted from the Southern

105



Mitt. Ges. Geol. Bergbaustud. Osterr. 41, Wien 1996, 101-148

Alps. This process probably started during latest
Qligocene, and accelerated during the Early
Miocene. The main dextral slip was accommodated
along the Periadriatic and Mid-Hungarian shear
zones. This dextral separation was associated with
the lateral extrusion of the Alcapa wedge. During
and/or after this tectonic episode, within the
Ottnangian the eastern (Pannonian-Carpathian)
part of the Alcapa suffered 50° CCW, the southern
Tisza-Dacia block 60°-80° CW rotations.

The Pannonian basin system was born by rifting
of back-arc style during the late Early and Middle
Miocene time. The tension was oriented initially
eastward, toward the free interface of the
Carpathian subduction front. From the middle
Badenian onward the direction of tension were
controlled both by the retreating subducted slab
and by the gradual cessation of thrusting in the
Western Carpathians. The norheastward drag (NE-
SW tension) was gradually replaced by E-W to SE-
NW tension. After the cessation of thrusting along
the northeastern segment, the whole basin was
slightly compressed and some parts were
inversted. During the Late Miocene, E-W to NE-SW
tension renewed. From the latest Miocene the
compressional tectonism has propagated from the
Southern Alps gradually into the Pannonian basin
and resulted in Pliocene through Quaternary
inversion and uplift.

Miocene tectonic evolution of the
Periadiatic Zone and surrounding area
in Slovenia: repeated dextral
transpression

Laszl6 Fodor!, Bogomir Jelen?, Em¢ Marton?,
Dragomir Skaberne?, Joze Car*, Marko Vrabec*

! Department of Applied and Environmental Geology, E6tvés
University, Budapest, Hungary

2 Geoloski Zavod Ljubljana, Slovenia

3 Estvés Lorand Geophysical Institute, Budapest, Hungary

4 Department of Geology and Paleontology, University of
Ljubljana, Slovenia

Dextral separation of the Periadriatic zone was
postulated by several authors using divers criteria,
but detailed kinematics and timing of movements
were not yet investigated along its whole length.
Stratigraphic and sedimentological study, structural
and paleomagnetic measurements, mapping,
borehole data analysis permitted to unravel the
Miocene-Quaternary tectonic evolution of its
Slovenian segment.

The brittte deformation was characterised by
NNW-SSE (NW-SE to N-S) compression and
perpendicular tension. The prominent style of
deformation within the two main shear zones, the
Periadriatic line-Sostanj fault system and the
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subparallel Sava-Celje fault zone is penetrative
dextral strike-slip faulting associated with folding
and verticalisation of beds. Such dextral
transpression took place in the Early Miocene
(Ottnangian), than during the Karpatian, and
reoccurred several times during the Late Miocene
and Pliocene and lasted up to the Quaternary.
Between the two shear zones, the western
Smrekovec area is characterised by sinistral
transpression, while the eastern Savinja block was
affected by dextral transtension.

The highly strained rocks within the dextral
shear zones show mainly clockwise, sometimes
counterclockwise rotations, variable in amount. The
non-coaxial nature of faulting was detected by the
comparison of paleomagnetic and stress data; NE-
SW compression occurred in sites where important
CW rotation took place. The area of sinistral
transpression could be rotated slightly in clockwise
direction, following domino-type rotation induced by
the boundary dextral shear zones.

Relationship between tectonic zones of
the Albanides, based on results of
geophysical studies

Alfred Frasheri

Faculty of Geology and Mining, Polytechnic University of
Tirana, Albania

The Albanides link the Dinarides and the
Helenides, with which they form the southern
branch of the Mediterranean Alpine Belt. Our
analysis of the Albanides and their extension into
the Adriatic Sea integrates surface geological
observations, well data and results of
seismological, refraction and reflection seismic,
gravity, magnetic and geoelectric surveys.

Evolution of the Albanides began with the
Triassic subsidence of their Hercynian substratum
under a tensional regime, culminating in crustal
separation and opening of the Subpelagonian and
Hellenic-Dinarid oceanic basins. The Alpine
orogenic history of the Albanides spans Late
Jurassic to Quaternary times and can be
subdivided into a Late Jurassic-Early Cretaceous
tectonic, a Mid-Cretaceous to Eocene main-
tectonic, an Oligocene-Miocene late tectonic and
Plio-Pleistocene neo-tectonic cycle.

The Albanides consists of ftwo major
paleogeographical domains. The Internal Albanides
formed part of the oceanic Subpelagonian Trough,
whereas the External Albanides developed out of
the western passive margin and continental shelf of
the Adriatic plate. During the early-tectonic phase,
the ophiolitic Mirdita nape was obducted onto the
margin of the Adriatic plate. This was accompanied
by the development of a flexural foreland basin.



During the main-late and neo tectonic phases,
progressive westward advance of the orogenic
front was coupled with a westwards shift of the
foredeep basin axis to its present location at the
margin of Adriatic Sea. The External Albanides
v/olved out of the lonian Mesozoic shelf
sedimentary prism and the superimposed foredeep
wedge. The Albanides are underlain by
autochtonous continental basement was little
deformed during their evolution.

The ophiolites of the Mirdita nape give rise to
major gravity and magnetic anomalies, indicating
that its thickness ranges between 2 and 14 km.
Reflection seismic and gravity surveys carried out
in the External Albanides and the Adriatic Sea
define distinct structural belts which are related to
different tectono-stratigraphic units.

Structuration of the lonian and Sazani zones
occurred during the late and neo-tectonic phases
The carbonate dominated Late Triassic to Late
Cretaceous series of the lonian, Kruja and Krasta-
Cukali zones contain several rich to very source
rock intervals. In the lonian zone Late Cretaceous,
Paleocene and Eocene carbonates, Oligocene
flysch type sandstone. The Tortonian Pliocene
Molasse type clastics of the Periadriatic
Depression.

Seismotectonic comparison of alpine
collision structures: examples of
recent extrusion in the Eastern Alps
and in Turkey

Georg Gangl
Verbundplan, Donaukraft Engineering, Vienna, Austria

Introduction. The well known comparison of the
movement of India towards the Himaiyas with the
deformation of an indenter against a plate, has
aliready been made by TAPONIER & MOLNAR
twenty years ago. The fault pattern is similar in
different parts of the Alpine chain. Two examples of
»extrusion” are given:

(1) The movement of Arabia agaist Anatolia and
Iran (we focus on the border zone of Arabia near
the East Anatolian Fault and the extrusion of
Anatolia).

(2) The movement of the African promonetory
(Italy) against the Alps (in this part we focus on the
interpretation of earthquake data in Austria and the
Pannonian Basin).

As a consequence, an extrusion of crustal parts
can be observed more or less normal to the
maximum pressure axis. This movement continues
until now.

The following features are discussed: (1)
Earthquake data and length of seismic catalogues.
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(2) Faults from geologic investigation and from
satellite images. Can the activity be checked
properly? (3) Measurement of the velocity of plates.
Magnitudes of velocity can be given by GPS and
SLR measurement which indicate that italy moves
relative to Europe with 0.7 cm/year and that Arabia
moves relative to Anatolia with 3-4 cm/year. (4)
Fault plane solutions. Examples of fault plane
solutions are given to characterize the kind of
motion. The two types of earthquakes can be
distinguished due to fault plane solution: strike slip
movement and thrust-type movement.A tectonic
interpretation is given.

The common inversion of the
seismological and DSS data - New
traveltime tomography method and
results for Europe

Valentin S. Geyko

Institute of Geophysics, National Academy of Sciences of
Ukraine, Kiev

A new method of Taylor approximation of non-
linearity of 3-D problems of seismics based on the
wave equation and eikonal equation solution has
been worked. It is shown that Taylor approximation
of 3-D inverse traveltime problems has the follow-
ing advantages over the linearization method. (1) It
ensures a considerable gain as to the non-linearity
approach accuracy. (2) It is valid with fewer con-
straints imposed on the velocity. (3) It is not need
by the choice of reference velocity approach. (4) It
does result in a problem correct by Tikhonov, in-
stead of an essential incorrect one. (5) It involves
significant reduction in the dimension of the prob-
lem for numerical inversion. (6) It is equally valid for
the solution in Cartesian and spherical coordinates.
The method is easily applied to interpret 3-D data
of seismology and 2-D DSS data as well profile and
spatial CMP data of seismic reflection and refrac-
tion wave exploration.

We describe processing and inversion of the
observed seismic data by new method. The princi-
pled detailing of P-velocity model of the mantle
obtained from the Bulletins of the ISC is only pos-
sible when using following additional data for every
region: (a) the arrival and second times of the P-
wave observed on long-range and DSS profiles, (b)
data (absent in the Bulletins of the I1SC) on the
arrival and second times of the P-wave from a
weak near earthquakes observed by seismic sta-
tions of the regional networks, (c) the second times
of the P-wave in the range of epicentral distances
of 12-25 degree determinate from records of major
earthquakes, (d) the arrival times of the P-wave
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from the Bulletins of the ISC for teleseismic dis-
tances (these data in the theory of inversion that
we use are similar to those of deep foci earth-
quakes or deep reflections). The employment of
the data of points (a) and (b) enables Jetailing of
the structure of lithosphere and asthenosphere and
those of points (c) and (d) ensure specify the depth
and the character of 410 and 670 km discontinui-
ties. The new method provides common inversion
of the main data (from Bulletins of ISC) and data of
points (a)-(d) even in cases when crust and mantle
contain low-velocity zones. The obtained 3-D P-
velocity model of the mantle beneath Europe is
considered.

Paleomagnetic constraints for pale-
ogeographic position of Tatricum and
Fatricum (Central West Carpathians) in
the Late Mesozoic

Jacek Grabowski
Polish Geological Institute, Warsaw, Poland

During last 10 years paleomagnetic data were
obtained from the Mesozoic (Lower Jurassic - Lower
Cretaceous) rocks in the Central West Carpathians
of Poland and Slovakia (Kadzialko-Hofmokl and
Kruczyk, 1987, Kruczyk et al, 1992, Grabowski,
1995). The samples were taken from the KriYna unit
(Fatricum) of the Tatra Mts.,, NiYne Tatry, Choze
Mts., Spiceka Magura and Mala Fatra and from the
Cover unit (Tatricum) of the Tatra Mts. All charac-
teristic directions are of normal polarity, they reveal
predominantly clockwise rotated declinations (except
the directions from the Mala Fatra) and inclinations
corresponding to the expected values for the Euro-
pean Platform. It is very likely that these directions
represent @ remagnetization of Early Cretaceous
age. These data differ significantly from the Middle
Jurassic - Early Cretaceous paleomagnetic direc-
tions from the Apulian realm (Marton & Marton,
1983, Channel, 1992). Comparison of declinations
and inclinations from the Central West Carpathians
and Apulia suggest that an oceanic separation be-
tween them existed at least in the early Cretaceous.
Similarly as the Northern Calcareous Alps, the Cen-
tral West Carpathians did not participate in the
counter-clockwise rotation of Apulia.

Channel J.E.T., Doglioni C., & Stoner J.S., 1992, Jurassic
and Cretaceous paleomagnetic data from the Southern Alps
(Italy). Tectonics, 11, 811-822.

Grabowski J., 1995: Badania paleomagnetyczne w seriach
wierchowych Tatr (Paleomagnetic investigations of the High-
Tatric series in the Tatra Mts.). Przeglad Geologiczny, 43(2),
113-1186.

Kadzialko-Hofmokl M. and Kruczyk J., 1987,
Paleomagnetism of middle-late Jurassic sediments from

Poland and implications for the polarity of the geomagnetic
field. Tectonophysics, 139, 563-66.
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Thermal effects of the exhumation of
metamorphic core complex on syn-rift
sediments - an example from the Re-
chnitz Window (Austria)

Bernhard Grasemann® and Istvan Dunkl?

' Department of Geology, University Vienna, Austria
2 Geological Institute, University of Tuebingen, Germany

The Rechnitz Window is situated at the Al-
pine/Pannonian borderand represents the east-
ernmost Penninc window of the Alps. During the
Miocene the window was exhumed by tectonic
denudation. The Austroalpine crystalline cover was
removed by top-to-ENE normal faulting. This ex-
tension produced the Pannonian basin system
where the earliest sediments of the this deposi-
tional cycle were formed in Middle Miocene. The
sediments of the syn-rift stage are mainly con-
giomerates, fanglomerates and sandstones with
thin coal bands. A high level of the organic matura-
tion (Sachsenhofer, 1991) indicates that the bottom
of the sedimentary sequence suffered a post-
depositional thermal overprint. Heating was able to
anneal the fission tracks (FT) in the detrital apatite
grains of the sediments. The 13.6 million years
average of the FT ages expresses the termination
of the period of an increased heat flow. The aim of
the presented two-dimensional numerical thermal
model is a quantitative qualification of possible
thermal surface heat flow within the hanging wall
during the exhumation of the Rechnitz Window
along normal faults.

As the chosen initial conditions as well as the
boundary conditions clearly influence the results of
such a mathematical model only such parameter
configurations were used, where the program
records of the cooling history fit the actual thermo-
chronological measured data of the footwall of the
Rechnitz Window (Dunkl and Demény, in press).
During the model calculations a chosen sample
within the footwall was exhumed with various
faulting velocities (2.5 - 11.5 mm/a) along normal
faults with various dip angles (10° - 50°). After each
time step the temperature and the location of the
sample were recorded resulting in a calculated
cooling curve of the footwall. All model calculations
reveal a typical convex-concave cooling curve and
suggest an Early Miocene rapid exhumation of
2mm/a of the footwall followed by slow exhumation



of 0.25mm/a. After this period of rapid faulting the
near surface geothermal gradient is increased
dramatically (>50°C/km). In order to investigate the
theoretically possible surface heat flux a parameter
map was calculated showing the surface heat flux
in the hanging wall at a distance of 0-90km to the
fault trace. This plot shows that within 10km to the
fault trace the surface heat flux is increased
distinclty for all faulting angles and faulting
velocities. For high angled normal faults the lateral
cooling effect considered in the two-dimensional
model is too large and the surface heat flux near
the fault trace is about 0.050W/m? less. An
interesting feature is that low angled faults
influence the surface heat flux in the hanging wall
>100km distance to the fault trace, whereas the
influence on the near surface thermal structure
during high angled normal faulting is considerably
reduced (<50km).

The presented model shows that rapid relative
displacement during normal faulting produces a
warming of the adjacent hanging wall and
consequently an increased surface heat flow. This
effect can easily provide the heat necessary for the
resetting of the FT ages in the hanging wall of the
Rechnitz Window without the assumption of a
hidden volcanic body.

Dunkl, I. and Demény, A., in press. Tectonophysics.
Sachsenhofer, R.F., 1991. Maturitat im Steirischen
Tertidgrbecken. Erdél Erdgas Kohle, 107, 12-17.

Gondwana origin of the Tisza-Dacia
Unit? Arguments from paleomagnetism

Ulrich Hambach', Cristian Panaiotu? and Cristina E.
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The origin of the crustal units today forming the
Intra-Carpathian area is still under debate
(CSONTOS 1995). The so called Tisza -Dacia unit
is built up by the Apuseni Mts., the South and the
East Carpathians and is characterized by a com-
mon Tertiary tectonic evolution. The pre-Tertiary
tectonic history of these blocks is hardly known.
Middle Jurassic to Lower Cretaceous sediments
from Piatra Craiului and Bucegi Mts. (SE Carpathi-
ans, Romania) were sampled for a paleomagnetic
study. The sites are situated in the massifs of
Piatra Craiului and Bucegi and in the strongly
faulted area between them.

The Jurassic sediments lie on pre-alpine poly-
metamorphic crystalline basement of the Leaota
massif which is part of the alpine Bukovinian nappe
system. Facies development (fining up) and syn-
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sedimentary tectonics (normal faults) point to a
scenario of extension tectonics presumably lasting
from Middle Jurassic to Early Cretaceous..

At present we are able to isolate a common
component for all sites with identical inclinations (~
62°) and declinations ranging from 20° to 160°. The
scatter of the mean declinations are interpreted as
the result of differential clockwise rotations.

In the Bucegi massif the common component (D
122°/1 62°) is better grouped in geographic than in
stratigraphic co-ordinates pointing to a post-
tectonic remagnetization. The steep inclination
(actual geomagnetic field inclination ~ 64°) indi-
cates a remagnetization event which took place
just before the Early Miocene large scale rotations.

Jurassic limestones reveal shallow reverse
inclinations ( = -30°) at high demagnetization tem-
peratures additionally.

Clockwise rotations of the Apuseni Mts. and the
South and East Carpathians (Tisza-Dacia unit)
were already described by BAZHENOV et al.
(1993) and PATRASCU et al. (1990,1994). Their
investigations of Middle to Upper Cretaceous and
Tertiary sedimentary and volcanic rocks reveal
rotations of more than 80° and a timing of this
movements prior to the Middle Miocene.
PATRASCU et al. (1990) were able to give a well
defined Upper Cretaceous (70-80 Ma) paleolatitude
for the Apuseni Mts. of 21° N. The shallow reverse
inclination from the Jurassic limestones corre-
sponds to a paleolatitude of about 16°. Both the
Cretaceous and the Jurassic paleolatitude are a
convincing argument for the Gondwana origin of
the Tisza-Dacia unit.

The ongoing project focuses on the detection of
primary magnetic remanences of Middle Jurassic
to Early Cretaceous age in the SE-Carpathians.
The reconstruction of the plate tectonic puzzle in
the Carpathian realm will greatly benefit from fur-
ther paleomagnetic research.

Neogene magmatism at the Alpine-
Pannonian transition zone

Szabolcs Harangi

Department of Petrology and Geochemistry, Ebtvds University,
Hungary

Neogene alkaline volcanism developed in two
main stages and formed two volcanic fields (Styrian
Volcanic Field, SVF and Little Hungarian Plain Vol-
canic Field, LHPVF) at the Alpine-Pannonian transi-
tion zone. In the SVF, a Karpatian/Early Badenian
trachyandesitic-latitic volcanism was followed by a
Late Pliocene alkaline basaltic one, whereas in the
LHPVF a Sarmatian/Early Pannonian bimodal
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trachyte-basalt magmatism preceded a Pliocene
alkaline basaltic volcanic activity. This presentation
focuses mainly on the LHPVF.

The Sarmatian trachytes have clear intraplate
affinities and differ from the SVF trachyandesites
and latites. The Early Pannonian basalts generated
in the asthenosphere and show a remarkable
similarity to the basalts of Oberpullendorf and
Pauliberg (western LHPVF). Sr and Nd isotopic
ratios of these volcanic products reflect more
depleted character than the Pliocene alkali basalts of
the central Pannonian Basin. Early Pliocene mafic
volcanics of the southern LHPVF have dominantly
primitive composition and show a wide variability in
chemistry. Trace element and Sr and Nd isotopic
signatures reflect different degrees of partial melting
and a heterogeneous mantle source for the southern
LHPVF magmas. Partial melting could have
occurred either in the garnet stability field or in the
garnet-spinel transiton zone. A two-component
mixing model is suggested for the generation of the
LHPVF mafic volcanics. One of these components
might be located in the asthenosphere or in the TBL
(Thermal Boundary Layer) and has some features of
St Helena-type mantle. The other component might
be located at the lower part of the MBL (Mechanical
Boundary Layer) and is considered to be the result
of aqueous fluid metasomatism related to the
Miocene subduction along the Carpathian arc.

Alkaline volcanism in the LHPVF postdated the
main extensional phase of the Little Hungarian Plain
and is supported predominantly by asthenosphere-
derived melts. The trachytic volcanism occurred at
the centre of the basin during the short-term aborted
narrow-rift stage when 3 could have exceeded 2.
The post-extensional basaltic volcanism might be
related to the moderate raise of the mantle potential
temperature due to an influence of a mantle plume
(‘thinspot’ effect?).

Although geochemistry of the Badenian SVF
latites shows some subduction influence, it cannot
be stated that they have a direct subduction-related
origin. Moreover, a recent study has pointed out a
strong genetical relationship between the Gleichen-
berg latite and the ultrapotassic rocks of Balaton-
maria (central Pannonian Basin). They could be
generated in a syn-rift phase when lithospheric ex-
tension reactivated K-rich metasomatic veins in the
lower part of the MBL and caused decompressional
partial melting.
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Remote sensing, structural geology
and 3D-seismic: an integrated
approach to explore tectonic structures
in the Vienna Basin
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Sperl?
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Tectonic interpretations in the Vienna Basin
and, likewise, in other prospective and hydrocarbon
bearing sedimentary basins are substancially
hindered by the very limited outcrop conditions in
basin areas. The correct evaluation of the
structural geometry and evolution of such basins,
however, is of crucial importance for hydrocarbon
exploration and production, e.g., for assessing
reservoir geometries, for reconstructing fluid
pathways through active or abandoned faults, and
for evaluating the sealing capacity of faults. With
kind permission, technical and finacial support of
OMV, a detailled R&D study is carried out in the
Vienna Basin and its surrounding which integrates
the interpretaton of  multitemporal  and
muitisensoral satellite imagery, 3D-seismic data,
and structural geology.

Remote sensing interpretations use images of
sensors showing different imaging geometries and
spatial resolutions to rule out effects inherent in
satellite data which lead to a suppression of
lineaments parallel to the sensor look direction.
Additionally to data of line scanners, mapping the
visible and infrared electromagnetic spectrum
(SPOT-Panchromatic, LANDSAT Thematic
Mapper), Synthetic Aperture Radar Data (SAR)
operating in the microwave range (ERS-1,
Japanese ERS-1) are interpreted. Due to the high
sensitivity of microwaves to surface roughness and
soil moisture and their capability to penetrate the
surface to a certain extent, they proved to be a
useful tool for the mapping of morphology and
lineaments. The data sets are geocoded using a
digital elevation model (DEM) with a grid spacing of
50 meters to enable the overlay and the synoptic
interpretation of the different data sets (sensor
merge) and to correct for terrain induced geometric
distortions (e.g., foreshortening and layover in
radar scenes which hinder the thematic
interpretation). DEM is also used to create
perspective views to facilitate the extraction of
lineaments. After the execution of atmospheric
corretions in the case of Landsat TM and the
suppression of the speckle noise in the radar
scenes by the application of additive filters (e.g.,
Frost filter), different directional filter kernels have
been used to enhance the edges in the scenes. A



first evaluation of the resulting image products
revealed that the Vienna Basin and the adjacent
areas are characterised by lineaments which
dominantly trend N-S, NE-SW and NW-SE.

OMV's 3D-seismic surveys offer the possibility
to check the significance of lineaments and to
correlate faults to lineaments derived from remote
sensing data. Lineaments correlate to fault patterns
which can be identified in 3D-seismic sections
using advanced software packages for 3D-
visualisation and interpretation. En-echelon N{NE)-
striking faults and connecting NE-striking faults
have been identified in time slices through
Badenian to Pannonian strata (c. 2000 to 400 ms
TWT) in the northern Vienna Basin. In cross
section, faults display significant normal offsets.
Synsedimentary faults are characterised by listric
geometries and the stratigraphic patterns within
fault-bounded blocks show growth strata and
rollover geometries. Coverage of seismic data is
limited to depths below 400 ms TWT (c. 400 m). To
find possible tectonic surface expressions, faults
are traced upwards to check for correlation to
morphologic  features and lineaments. By
comparison to structures in surface outcrops, the
fault patterns mapped in seismics were identified
as oblique-sinistral faults which bound rhomb-
shaped divergent fault duplexes. Arrays of several
such duplexes define major sinistral shear zones
within the basin which were active from the
Karpatian to the Pannonian stage (c. 17-8 Ma).
Microtectonic field observations show that the
divergent sinistral shear zones are cut by
conjugate NW-SE striking normal faults. Older
faults were . overprinted and moved as oblique-
normal faults during correlate NE-SW directed
extension. The NW-striking normal faults have a
marked morphological expression in paralleling the
dominant trend of the drainage system. They are
correlated to NW-SE trending lineaments depicted
by remote sensing data.

The detailed fault geometries revealed by remote
sensing and seismic mapping are combined with
results of structural geology surveys in order to
acess timing and kinematics of faulting in the Vienna
Basin area. Detailed tectonic analyses of surface
outcrops allow to establish a deformational and
paleostress history which, in turn, can be used to
predict the timing and the direction of movements
along subsurface faults.

European Science Foundation - PANCARDI 1996

The lateral extrusion of the Eastern
Alps: fact or fiction?

Ewald Hejl
Institut fir Geologie und Paldontologie, Universitadt Salzburg

During the last decade, many models dealing
with the Neogene tectonics of the Eastern Alps
have postulated an eastward extrusion of the
Central Alps towards the Pannonian Basin. One
main requirement of these models is a large-scale
sinistral displacement along major faults at the
southern margin of the Northern Calcareous Alps.
Such sinistral sense of movement has never been
proven for the Salzach and Ennstal Faults.
Because of the following arguments, even the
opposite seems to be true:

(1) The hydrographical pattern of the Salzach
and Enns fluvial systems is incompatible with a
young sinistral displacement at the northern border
of the Tauern Window.

(2) A hypothetic fault segment at the southern
edge of the Mandling Wedge - as has been
postulated by the extrusion models - does not exist
in nature. Field investigations have shown that the
eastward prolongation of the Salzach fault is
situated exactly Nof that Mandling Wedge and not
S of it. Therefore, the E-W trending Salzach and
Ennstal Faults do not belong to one contious fault
system.

(3) The Tertiary of Wagrain (lower Miocene)
was subjected only to dextral sheer (WANG, pers.
comm.). A post-depositonal sinistral displacement
can be excluded.

(4) Extrusion tectonics should have caused a
counterclockwise rotation of individual segments of
the Northern Calcareous Alps with respect to the
Central Alps. But palaesomagnetic investigations
clearly show that just the opposite did happen.

(5) The assumption of a dextral displacement
along the Salzach-Mandling Fault yields an
explanation of the arcuate structure of Weyer
(Weyerer Bégen) which then was created by an E-
W convergence resulting from the opposite sense
of movement along theSalzach-Mandling Fault to
the W and the Mariazell-Puchberg and Trofaiach
Lines to the E (dextral and sinistral, respectively).

Therefore, any tectonic models which require a
sinistral Neogene displacement along the northern
border of the Tauern Window are simply wrong. A
continuous sinistral SEMP Line (Salzach- Ennstal-
Mariazell-Puchberg) does not exist. If at all, a
lateral extrusion of the Eastern Alps towards the
Pannonian Basin could only occur previous to the
deposition of the Miocene sediments of Wagrain.
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Neotectonics of the Pannonian Basin

Frank Horvath', Gabor Tari?, Ferenc Sikhegyi,
Tamas Téth', Orsolya Magyari', Marco Sacchi* and
Ferenc Marsi®

* Geophysics Dept., Edtvds University, Budapest, Hungary-

Z AMOCO Production Company, Houston, Texas, U.S.A.

3 Hungarian Geological Institute, Budapest, Hungary
4 Geomare Sud, Napoli, ltaly

New data and reinterpretation of old
observations shed light on a very exciting and
largely overlooked problem: the tectonic evolution
of the Pannonian basin from the beginning of
Pliocene to recent time. This period is distinct from
the Miocene, which saw the extensional collapse of
Alpine orogenic wedges, and the formation of the
Pannonian basin system. We think that a new
tectonic regime characterised by an increase of
intraplate  stress  (neotectonic phase) was
established at about 5 to 4 Ma and has continued
up to the Present.

Our tentative model for the neotectonic
evolution of the Pannonian basin suggest that
desiccation of the Mediterranean sea during the
Messinian caused a remarkable water level fall in
the Pannonian Lake. It was associated with a
tectonic uplift of the basin, and a hot-dry clima,
which resulted in desert-like conditions in the
former lake areas. Intensive erosion has started
mostly in western part of the basin ( Transdanubia)
and continued up to the Recent. This led to a major
erosional gap and tectonic discordance at the top
of Pannonian strata, which is locally overlain by
late Pleistocene to Holocene loess in a thickness of
a few to less than 60 m. In contrast, at the western
part of the basin (Great Hungarian Pilain)
subsidence renewed due to intraplate stress
increase, and terrestrial red clays are interfingering
with lacustrine and fluviatile deposits up to a
thickness of 1000 m. Over here, the base of
Quaternary is a paraconformity suggesting
practically continuous sedimentary record with a
cyclicity most probably controlled by the
Milankovitch  climatic cycles. High-resolution
seismic data offer the first spectacular evidence
that folding and/or faulting occurred during this
neotectonic period, and local