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hydrofracture veins (alternately filled by ore-rich fluids, quartz
and calcite), cross-cut the footwall and fault-rock-zone lithologies.
While the high-angle normal fault system is characterized by two
distinct oriented sets, acting as weakening zones and fluid
migration pathways, the subvertical hydrofracture veins pre-
dominantly occur in the footwall.
Field based and microstructural studies of the Otzias Bay
Detachment reveal that aseismic frictional-viscous creep is
interspersed with periods of velocity weakening.
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Im Jahr 2005 hat die EU im Rahmen von Forest Focus eine erste
Wiederholungsaufnahme des europäischen Waldboden-
Monitorings beauftragt - das Projekt BioSoil. Europaweit wer-
den rund 5000 Flächen beprobt, 139 davon liegen in Österreich.
Ende 2009 soll das Projekt abgeschlossen sein.
Vorrangiges umweltpolitisches Ziel dieser europaweiten Erhebung
ist, den aktuellen Zustand der europäischen Waldböden zu erfas-
sen und ihre nur langsam ablaufenden Veränderungen zu verfolgen
wie beispielsweise:
• die Wirkung bereits erfolgter Maßnahmen (Luftreinhaltung,

Waldbodenmelioration, naturnaher Waldbau) zum Schutz und
zur Stabilisierung von Waldökosystemen zu überprüfen,

• den Stickstoffstatus von Waldböden und deren Empfindlichkeit
gegenüber Stickstoffeinträgen zu untersuchen,

• die Kohlenstoffspeicherung und die Änderung des Kohlenstoff-
vorrates von Waldböden (Klimawandel, Kyoto-Protokoll) ab-
zuschätzen und

• die Belastung von Böden mit Schadstoffen (z. B. Schwermetal-
len) zu bewerten.

Außerdem sollen die vorhandenen Arbeitsanleitungen und Vor-
schriften des ICP Forests für ein europaweit harmonisiertes Vor-
gehen beim Waldboden-Monitoring erprobt und verbessert wer-
den. Eine Reihe offener Fragen ist dazu zu beantworten:
• Kann eine Wiederholungsaufnahme nach 10-20 Jahren Verände-

rungen einzelner Bodenparameter erfassen?
• Sind mögliche Veränderungen statistisch signifikant?
• Sind Veränderungen aus Ursachen-Wirkungsbeziehungen erklär-

bar?
• Können die vorliegenden Methoden im europäischen Maßstab

angewandt werden?
• Sind die Ergebnisse spezieller Methoden reproduzierbar?
• Sind die Ergebnisse zwischen den einzelnen Mitgliedsstaaten

vergleichbar?
• Sind die Ergebnisse in ein größeres europäisches Bodeninfor-

mationssystem integrierbar?
Es werden die methodischen Grundlagen der Geländearbeit und
der Laboranalysen erläutert sowie die Möglichkeiten der Qualitäts-
sicherung und der Qualitätskontrollen besprochen. Erste Zwi-
schenergebnisse aus Österreich betreffend die lokale Variabilität
chemischer Parameter von Waldböden und deren Veränderungen
nach 20 Jahren werden präsentiert. Zusätzlich wird das Problem
des Vergleichs neuer Analysedaten mit alten Analysedaten disku-
tiert, welches durch die Nachanalyse alter Proben teilweise beho-
ben werden kann.
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Permian to Lower Triassic siliciclastic successions and their
petrographic composition of conglomerate, breccias and sandstones
of central southern sectors of the Northern Calcareous Alps have
been studied in order to reveal their geodynamic setting. These
successions exhibit a spatially variable sequence of new-defined
formations, which are separated along strike by new detected
low-angle normal faults (e.g. the Halm fault). A halfgraben-type
siliciclastic infilling includes a ca. 1.5-2 km thick sequence starting
with the Filzmoos Conglomerate containing coarse polymict breccia
and quartz conglomerate, thick Alpine Verrucano, and the Gerzkopf
Fm. representing a thick quartz arenite at the top. These are
overlain by the shallow marine Werfen Formation. Only in light-
coloured sandstones intercalated within purple siltstones, some
trace fossils have been found. The Alpine Verrucano Formation
also contains a layer of pure green sericite slates interpreted to
represent a completely transposed acidic tuff. The entire sequence
is interpreted to represent the transition from desert climate to
shallow marine barriere sandstones during prograding extension
within a syn-rift geodynamic setting. Overlying siliciclastic
sediments are interpreted to monitor changes between terrestrial
and marine environments until a full marine environment was
established in upper parts of Lower Triassic in a post-rift tectonic
setting. The thick graben infill is juxtaposed to relatively thin
successions deposited on horst structures. These lack coarse clastic
formations and are dominated by fine-grained sandstones.
A higher tectonic unit of the Werfen Imbricate zone comprises
similar clastic-dominated but thinner formations as the underlying
thick successions. This succession also includes deformed shales
of the Haselgebirge Formation underlying the Lower Triassic
Werfen Formation.
The new data show that main portions of the siliciclastic base of
the Northern Calcareous Alps can be interpreted as a rift succession
and that it monitors syndepositional extension. We correlate the
units of central southern base Northern Calcareous Alps with
recently studied Permian to Lower Triassic units of Lower
Austroalpine Quartzphyllite nappe, which represent another syn-
rift graben infill.
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The Alpine-Balkan-Carpathian-Dinaric (ABCD) orogenic belt
resulted from two stages of closure of two ocean basins (Meliata-
Vardar, Penninic) and two, Cretaceous and Eocene-Neogene, stages
of plate collision between the European/Moesian plates in the
foreland and the Adriatic microplate in the hinterland. Here, we
discuss the presence and structural and palaeogeographic relation-
ships of similar Upper Cretaceous collapse basins, which are
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commonly known as Gosau basins in the Eastern Alps, in all
parts of the ABCD belt. Similar collapse basins occur all along the
northern, Alpine-Carpathian-Balkan strand as well as in Dinarides.
Common features include: (1) age postdating oceanic, Meliata -
Vardar, closure; (2) an age postdating the formation of the
Cretaceous-aged nappe stack and peak conditions of the Early
Alpine metamorphism; (3) synchroneity with exhumation of
metamorphic orogenic wedge and exhumation of metamorphic
core complexes as well as of previously subducted continental
crust; and (4) deposition of high proportions of siliciclastic mate-
rial reflecting relief, exhumation and denudation of metamorphic
crust. In the eastern part of the Carpathian-Balkan strand, these
Gosau basins are associated with a linear belt of calcalkaline
volcanic and shallow-plutonic successions known as Banatite
Suite. A lateral diachroneity in onset is observed.
A summary of existing and new own Ar-Ar single-grain age data
from these Gosau basins covering the entire ABCD-belt reveals a
direct connection with exhuming metamorphic crust. The pro-
portion of Cretaceous-aged white mica is high in the west, and
low in the existing reflecting the exhumation of the high-pressure
belt in Alps and Apuseni Mountains.
The Meliata/Vardar oceanic basin started to close during the
Middle Jurassic. The final closure of the Meliata basin occurred
during the Early Cretaceous with the formation of a deep sea
trench. The overall process is A-subduction and high-pressure
metamorphism of the distal Austroalpine continental margin, and
subsequent exhumation of high-pressure rocks and in overall
transpressional setting. Geochronologic data monitor continuous
footwall accretion of cover and basement/cover nappes between
120 and 50 Ma. Late Cretaceous Gosau basins seal the Meliata
suture and nappe stacking structures. Formation of these basins
in the Eastern Alps was associated with sinistral wrenching,
northward tilting of the orogenic wedge, normal faulting at shallow
crustal levels and exhumation of eclogite-bearing crust within
Austroalpine units. A model with trench retreat of the subducting
Austroalpine/Penninic lithosphere can explain exhumation of high-
pressure rocks, accretion of subducting material and subsidence
in the upper plate, where Gosau-type basins formed.
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The Styrian basin, the westernmost sub-basin of the Pannonian
basin system, is located at the eastern margin of the Eastern
Alps. The majority of the studied samples were revealed by
drilling cores in the southeastern part of the Styrian Basin. The
rest of the samples have been collected from quarries.
The rocks are high-K calc-alkaline (andesites and dacites) and
alkaline (latites and shoshonites). K/Ar-ages range from 16.3 to
13 Ma with high-K calc-alkaline rocks representing the oldest
suite. A striking petrographic difference between both groups is
that the calc-alkaline rocks are amphibole bearing and lack of
clinopyroxene. Some zoned clinopyroxenes from the alkaline
rocks have magmatic corroded cores overgrown by more basic
rims suggesting basic magma reflux.
In the spiderdiagrams all the samples show remarkable negative
Nb and Ta troughs and high contents of LILE. Additionally the
clalc-alkaline rocks have negative P anomaly. However, the calc-
alkaline rocks are characterized by low contents of LILE and
HFSE when compared to the alkaline rocks.
The calc-alkaline rocks from Styria are similar to those from the

Carpathian-Pannonian area that have long been recognized as
being typical for subduction related-magmas (SEGHEDI et al. 2004).
They can be modelled by an AFC-process controlling the
composition of an IAB-magma with F=0.6 and r=0.4. As
contaminant is proposed the upper continental crust.
While high-K calc alkaline rocks can be explained by an AFC-
process the composition of the alkaline rocks (latites and shosho-
nites) seems to be a consequence of batch melting processes of a
pre-enriched mantle, which can be derived by mixing of primitive
lithospheric mantle with material from the continental crust.
Model calculations reveal that the fraction of continental materi-
al in the mixture was 4% and the batch melting process took
place in the stability field of spinel-lherzolite at 5%.
From the geodynamical point of view, the calc-alkaline lavas can
be seen as a consequence of the subduction of the Rhenodanubian-
flysch or the subduction of the West-Carpathian-Flysch. This
subduction was related to the N-S convergence of Africa and
Europe in the Early Miocene. In contrast the alkaline magmatism
was the result of decompressional melting of a metasomatic pre-
enriched mantle. The process of decompresional melting may be
related to the extension that characterizes the western margin of
the Pannonian Basin during the Middle Miocene (SEGHEDI et al.
2004).

SEGHEDI, I., DOWNES, H., SZAKACS, A., MASON, P.R.D., THIRWALL, M.F.,
ROSU, E., PECSKAY, Z., MARTON, E. & PANAIOTU C. (2004): Neogene-
Quaternary magmatism and geodynamics in the Carpathian-
Pannonian region: a synthesis. - Lithos, 72: 117-146.

Multiple Particle Interactions

O’CONNOR, A.1 & MULCHRONE, K.2

1Department of Geodynamics and Sedimentology, Universität
Wien, Austria, Alhanstrasse 14, 1090 Wien; 2Department of

Applied Mathematics, University College Cork, Ireland;
a.oconnor@ucc.ie, k.mulchrone@ucc.ie

A mathematical model is developed to account for the rotational
disturbances of rigid ellipsoids caused by interactions between
neighbours. The equations of motion of rigid particles in isolation
are adapted via the Kuramoto model which implements synchroni-
sation among the set of interacting particles. The orientation of
the ellipsoids is determined by three angles (the Euler angles)
which in turn determine the angular velocity at any point in time.
Rather than adjusting the perturbed velocity field, a noise term is
appended to the equations that determine the angular velocity.
This term depends on the neighbouring particles’ degree of coupling,
proximity and relative position. Simulations reveal a preferred
orientation at an angle to the shear direction that increases with
the degree of coupling.
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One method to estimate paleoslope orientation is to study and
interpret slump folds. Existing methods for analysis of slump
structures require collection of orientation data on a scale similar


