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Abstract

Thisexcursion leadsto two sand pitsin thevicinity of Eisen-
stadt, Burgenland, whichillustrate the geodynamic evolution
of the eastern margin of the Vienna Basin and the northern
Eisenstadt Basin. Both sites impressively document
deformation of unconsolidated sediments, whichin addition
to their regional significance provide remarkable insights
into various processes of soft sediment deformation.
Thefirst stop leads to the famous Steinbrunn sandpit (Fig.
1), a natural monument, which has been recently re-
excavated. Here, the Pannonian sands and clays are folded
by asymmetric, WSW verging antiformswith several meters
amplitude; one of them isnow again impressively exposed
in three dimensions. Mechanic, geometric and regional
geological criteria suggest that the structures were
generated in the toe area of agravitational slump.

The second outcrop of the excursion is located at St.
Georgen am Leithagebirge (Fig. 1), where numerous
conjugate deformation bandsin barely cemented sandsand
gravels (Burgstall Formation) document an extensional
deformation related to the nearby Eisenstadt Fault. The
deformed unconsolidated sediments nicely illustrate the
special properties and the mechanical differences between
deformation bands and brittle fault in solid rock.
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Tectonicor gravitational forcing of soft
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The Vienna Basin, located at the junction between the
Eastern Alps and Western Carpathians, isone of the classic
examples of pull-apart basins (e.g. Roypen 1985). During
extensional lateral escape tectonics of the Eastern Alps, the
basin was formed as part of the Pannonian Basin system
(e.g. RaTscHBACHER et al. 1991) along a NE-SW trending
system of normal and sinistral strike-slip faults (Decker
1996). In the Miocene, syntectonic sedimentation
accumulated up to 5500 m of marine and terrestrial deposits
in the deepest parts of the basin (WesseLy 1983, Strauss et
al. 2006). The deformation history of the basin has been
described as multi-staged (Decker 1996). An initial ESE-
WNW-extensional phase in the Karpatian and Badenian
(~17-13 Ma) was accommodated by NNE-SSW striking
strike-dlip faultsand resulted in theinitiation of the rhombic
pull-apart basin (Rovpen 1985). An intermediate stage of

late-Miocene basin inversion with E-W compressional
structures and simultaneous dextral reactivation of the
strike-slip faults has been described (Peresson & DECKER
1997). Pleistocene and present-day kinematics are again
characterized by E-W extensional structures and the
formation of local subbasins, e.g. the Mitterndorf basin in
the SW part of the ViennaBasin (e.g. HinscH et al. 2005).

Structural evidence of shortening likefolds—or even more
likely in unconsolidated sediments — deformation bands
and thrust faults are basically absent in this part of the
Vienna Basin. Based on this observation together with the
fact that it is difficult to discriminate between tectonic and
gravitational forcesin deformed sedimentswith alow degree
of lithification (ELLioT & WiLLiams 1988), we qualitatively
investigated the structures in the re-excavated sand pit.

Outcrop description

In the Steinbrunn sand pit WNW of Eisenstadt, Burgen-
land, a spectacular example of deformed unconsolidated
sediments has been described (Mever 1974, Sauer et al.
1992). The site is accessible from the road connecting
Mullendorf and Neufeld, from which afarm track turning
south 100 m E of the bridge crossing the highway A3 leads
tothe sand pit (Fig. 1). The outcrop exposes a series of SW-
verging, tight folds within virtually unconsolidated sand
and silt layers (Fig. 2). Regional tectonic interpretations
attributed this deformation to a late-Miocene, E-W
compressional phase of basin inversion which followed the
main E-W extensional phasein the early and middle Miocene
(PeressoN & Decker 1997). Sincethe declaration to anatu-
ral monument in 1980, the outcrop wasincreasingly covered
by debris and vegetation and became effectively invisible.
Recent re-excavation by the government of the province
Burgenland now provides outstanding outcrop conditions
which enable are-evaluation of the remarkable structures
in unconsolidated sediments.

In the studied outcrop, the sand layers are only partly
cemented, while newly excavated layersinlower levelsare
virtually uncemented. Only some few sand layers show
cementation and lithification, sometimesfading out laterally.
Withinthe clay-rich layersisolated, up to several decimetres
large concretions are abundant. The basal parts of the
exposed stratigraphy contain more cohesive, cm to mthick
silt and silty clay layers, which form conspicuous flame-
shaped geometries in the fold cores indicative of the
mechanics of soft sediment deformation (PotTer et a. 2005).
Within the fold hinges, mud rich layers develop a
pronounced cleavage, which may have been produced by
either slump-straining or compaction (FARRELL & EATON
1988).

Conjugate sets of normal faultsin parts of the NE-dipping
fold limbs cut through sandy layers and terminate within
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Fig. 2. Outcrop overview of the Steinbrunn sand pit. Two slightly SW-verging antiforms are exposed, the cores are
composed of slitsand clays, while the external layers comprise cal careous sands which are largely unconsolidated.

silt layers. Markerswithin the sand layersdisplay only few
cm of normal offset, but thefracturesarefilled withamax. 2
cmthick zoneof clay fed fromthe overlying clay layer (Fig.
3). This feature suggests that the sediment was still even
more unconsolidated during the formation of these
structures.

Most of the observed folds have atight fold geometry with
straight fold limbs and amplitudes of several meters. Inthe
westernmost part of the outcrop, somefold axial planesare
refolded, forming type 3 (hooks-and-crescent) refold
structures with high angles between the axial planes but
almost parallel fold axes (Fig. 4). Thesefold shapesindicate
either polyphase fol ding, which seemsunrealistic for ashort
phase of basin inversion, or high strain during progressive
folding and shearing. The latter has been frequently
described in subagqueous slump structures (e.g. STRACHAN
& ALsor2006).

In the immediate vicinity, outcrops within the same
stratigraphic level do not display any comparable structures
with E-W shortening kinematics. In contrast, exclusively E-
W extensional structures (faultsand deformation bandswith
normal offset) can be observed.

Line-length and area balancing give arough estimate of the
percent of shortening (~ 50%) and depth of an inferred
detachment horizon (~ 2m below the current base of the
outcrop, i.e. some 8 m below the topographic surface).
The new observationsin the sand pit of Steinbrunn, enabled
by the re-excavation of the outcrop, question the tectonic
origin of the observed fold structures. We propose an alter-
nativeinterpretation of the deformation features asthefron-
tal zone of a gravitational slump, where shortening strain
leadsto the formation of tight folds (FARRELL 1984).
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