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ABSTRACT

In the southern and central parts of the Vienna Basin in Austria, 50 wells have been investigated to quantify the subsidence dur-
ing the pull-apart stage of basin evolution (Middle to Upper Miocene; 16.1 — 7.8 Ma). Subsidence analysis is based on the decom-
paction of the sedimentary record at the time of interest, with the results displayed as total basement and tectonic subsidence cur-
ves and tectonic subsidence rates for a given time interval. Due to the compartmentalisation of the basin floor and the overlying se-
diments, the results vary in detail. They show the highest tectonic subsidence rates occurred during the Upper Lagenid Zone (14.5
— 14.2 Ma) with c. 1000 m/Ma in the southern part and around 700 m/Ma in the central part of the basin. Three types of subsidence
curve have been distinguished, representing combinations of three main subsidence phases; in the early Badenian, the Sarmatian,
and the Middle Pannonian. Maps of the cumulative tectonic subsidence of four selected stratigraphic tops and the interval tectonic
subsidence of four stratigraphic zones are presented.

Im siidlichen und zentralen Teil des Wiener Beckens (Osterreich) wurden zur Quantifizierung der Subsidenz 50 Bohrungen unter-
sucht. Als Zeitraum wurde die Entwicklung der Pull-Apart Phase (Mittleres bis Oberes Miozan, 16.1 — 7.8 Ma) gewahlt. Die Subsi-
denzanalyse basiert auf der Dekompaktion der Sedimente zu bestimmten Zeitpunkten. Die Ergebnisse sind als Gesamt-Basement-
und tektonische Subsidenz and Kurven tektonischer Subsidenzraten fiir bestimmte Zeitintervalle dargestellt. Im Detail variieren die
Kurven, weil der Beckenuntergrund und die dariiberliegenden Sedimente in Blocke zerteilt sind. Die hochsten Werte der tektoni-
schen Subsidenzraten ergeben sich in der Oberen Lageniden Zone (14,5 — 14,2 Ma) mit ca. 1000 m/Ma im sudlichen Teil und mit
niedrigeren Werten um die 700 m/Ma im zentralen Teil. Beim Vergleich der Form dieser Kurven ergaben sich 3 Hauptsubsidenz-
phasen fur das frihe Badenium, fur das Sarmatium und im Mittelpannonium. Als Endergebnisse prasentieren wir Karten der kumu-
lativen tektonischen Subsidenz von 4 ausgewahlten stratigraphischen Grenzen und der Intervall-Subsidenz von 4 stratigraphischen

Zeitabschnitten.

1. INTRODUCTION

A large number of publications about the formation and geo-
logical evolution of the Vienna Basin has been published, be-
ginning with classic papers in the 19" century (e.g. Keferstein,
1828) up to recent articles on sequence stratigraphy and tec-
tonics. Here, we present a detailed quantification of subsi-
dence in the Vienna Basin through time. Subsidence ana-
lysis allows a quantitative reconstruction of basin evolution,
sediment influx and deposition, and gives hints to the timing
and types of tectonic driving forces. Due to the extensional
basin formation, a complex fault pattern evolved in the Vien-
na Basin, with duplexes along sinistral strike-slip systems and
normal faulting during the Middle to Upper Miocene. This re-
sulted in the obvious tectonic segmentation of the basin fill,
which, consequently, calls for detailed subsidence analysis,
using a larger data base than previously used (e.g. Lankreijer
at al, 1995).

The data presented here were derived from 50 wells drilled
in the southern and central Vienna Basin (Austrian part, Fig. 1)
and, due to the high density of boreholes, allows the plotting
of detailed regional subsidence maps. Other publications on
this topic have mainly referred to surrounding areas, such as
the eastern part of the foreland-basin of the Eastern Alps

(Genser et al., 2007), the Styrian Basin (Sachsenhofer et al.,
1997) and the Pannonian Basin System (Sclater et al., 1980;
Lankreijer at al, 1995; Lankreijer, 1998, Baldi et al., 2001).
Lankreijer (1998) quantified the large-scale subsidence of the
whole Pannonian system, including the Vienna Basin. Lank-
reijer et al. (1995) integrated 36 wells from the Slovakian nor-
thern part and 12 wells from the Austrian central part of the
Vienna Basin. Our work, which mainly covers the remaining
parts of the Vienna Basin, aims to give a more detailed regio-
nal study and interpretation of subsidence patterns, using a
significantly revised, more accurate stratigraphy of the Vien-
na Basin, developed since the 1990s (Rogl, 1996; Steininger
and Wessely, 1999; Rogl et al., 2002; Harzhauser et al., 2002;
Harzhauser and Piller, 2004; Piller et al., 2004; Strauss et al.,
2006; Hohenegger et al., 2008). Together with the high den-
sity of borehole data, this has allowed considerable refine-
ments to be made in the timing of subsidence events and
more accurate tectonic interpretations.

2. GEOLOGICAL OUTLINE OF THE VIENNA BASIN
The main subsidence period of the Vienna Basin was du-
ring the Miocene. The initial basin structure was a wedge-top



zone (DeCelles and Giles, 1996) on the frontal parts of the
north-west propagating thrust sheets of the Eastern Alps (Lo-
wer Miocene; ~18 — 16 Ma; Fig. 2). Within this zone, mainly
fluviatile sediments filled several small basins that later mer-
ged into one large basin. Due to changes in the local stress-
regime, a pull-apart geometry began to develop (Fodor, 1995;
Decker and Peresson, 1996), with the initiation of large-scale
sinistral strike-slip fault systems; these are often rooted in re-
activated basement structures and were accompanied by sig-
nificant normal faults with offsets reaching some 1000s of me-
tres. This led to an intense segmentation of the basin into du-
plexes, where depocentres were filled with clastic sediments
up to 5.5 km thick (Middle to Upper Miocene; ~16 — 7 Ma; Fig.
2). Detailed descriptions of the basin evolution can be found
in Jiricek and Tomek (1981), Royden (1985), Wessely (1988),
Seifert, (1992), Wessely (1992), Fodor (1995), Weissenback
(1996), Kovac et al. (2004) and Hinsch et al. (2005).

3. PRINCIPLES OF SuBSI-
DENCE CALCULATIONS
Subsidence analysis is mainly ba-
sed on decompaction of the sedi-
mentary record (Steckler and Watts,
1978; Van Hinte, 1978; Sclater and
Christie, 1980). This uses empirical-
ly derived curves of porosity-depth
relationships, with an exponential
reduction of porosity at increasing
depths (Baldwin and Butler, 1985).
The most important parameters are
the thickness of the sedimentary
layers and the chronostratigraphy,
both of which affect quantification of
the subsidence rates. The total sub-
sidence is partitioned into subsiden-
ce caused by the tectonic driving
force(s) and subsidence due to the
sediment load (and compaction).
Backstripping removes the effect
of sediment loading and compac-
tion from the basement subsidence.
Normally, an Airy isostasy model is
applied, with the sediment load re-
placed by a column of water. The
results can be used to infer types of
the tectonic driving forces and for
basin modelling (Lankreijer et al.,
1995; Sachsenhofer et al., 1997).
The difference between basement
and tectonic subsidence curves are
shown in Fig. 3. For further descrip-
tions of the method refer to Einsele
(2000) and Allen and Allen (2005).
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(DCT) has been developed (Fig. 4; Wagreich, 1991; Holzel et
al., 2008b). This software implements an error quantification
on the subsidence analysis, based on Monte Carlo Simulation,
such that a range of possible values is assigned to each pa-
rameters used. A random function chooses input parameter
values within the defined ranges and these are used to calcu-
late the subsidence. From a number of input parameter value
combinations, the average subsidence is determined. The
programme also incorporates for the first time, the parameter
“age”, as the controlling factor for the x-axis. Inputting the
correct sedimentary age of backstripped layers is particularly
crucial for subsidence rate calculations and thus for identify-
ing discrete phases of subsidence. The approach used redu-
ced errors due to ongoing uncertainties in the Vienna Basin
chronostratigraphy (Hohenegger et al., 2008).

3.1. DATA BASE
Input data of wells from the southern and central parts of
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FIGURE 1: Position of the Vienna Basin within the Alpine/Carpathian transition and overview of
borehole locations used in this study.
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FIGURE 2: Simplified stratigraphic table with Central Paratethys
stages and local stratigraphic nomenclature used in the Vienna Basin.
The grey rectangle marks the investigated time window. Tectonic pha-
ses according to Decker and Peresson (1996).

the Vienna Basin in Austria was provided by OMV-E&P Aus-
tria, (Fig. 1). The subsidence curves were calculated for the
pull-apart evolution of the basin from 16 to 7 Ma, to quantify
the main phase of basin evolution within a constant stress
field. The basal level used in the calculations was the top of
the Aderklaa Conglomerate, which has been dated to 16.1 Ma
(Fig. 2; Weissenback, 1996).

The Lower Miocene wedge-top phase of basin development
was excluded from the subsidence calculations as it was con-
trolled by a different stress field and different mechanisms of
basin formation. Detailed data for that time-period are not avai-
lable. Furthermore, the angular unconformity between the Kar-
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FiIGuRE 3: Difference between backstripped tectonic and basement
subsidence. Curve is from well raaT2.

patian and Badenian also indicates a major break in basin
evolution (Holzel et al., 2008a). Quaternary strata were also
excluded, both because of the recent change to a regional
uplifting regime (Decker and Peresson, 1996) and because
the stratigraphic record is incomplete.

The following parameters were used: 1.) thickness of strati-
graphic layers (metres); 2.) age of stratigraphic boundaries
(Ma); 3.) lithology, with percentages attributed to different li-
thologies; 4.) sedimentation (palaecowater) depth (metres); 5.)
decompaction parameters (porosity for t, = initial % porosity,
decompaction coefficient c, final % porosity) and 6.) physical
properties (grain density, crustal density).

Values for some of these parameters were derived from
borehole data and related log measurements: Depths to for-
mation tops are necessary to measure the sediment thick-
ness. Most wells reached the basement below the Neogene
basin-fill, so that the stratigraphic record for the Middle to Up-
per Miocene is complete. Chosen wells mostly lie in undistur-
bed fault blocks, some distance away from the basin margin.
Consequently, the thickness of the sedimentary infill was not
significantly influenced by faulting or erosion. Missing stratigra-
phic data and well-data in areas of interest have been interpo-
lated from mapping of stratigraphic boundaries within seismic
data. These sections have been termed synthetic wells (syn).

The chronostratigraphic time-scale for the Neogene of Aus-
tria has been used (Piller et al., 2004) together with the eco-
bio-zonation terms for the Vienna Basin (Rdgl, 1998; Strauss
et al. 2006; M. Harzhauser, pers.comm.).

Well-log data contains information on the lithological compo-
sition of the sediments. For this, Self Potential logs (SP logs),
in combination with resistivity logs, were mainly used to diffe-
rentiation between sand and shale. These data were cross-
checked with OMV in-house reports about the composition of
well-cuttings. The lithology parameter does not show much
variation, because in the investigated, largely basinal offshore
area, most sediments are composed of sand (-stone), clay
and/or siltstone. Carbonate rocks are of minor importance.

Palaeobathymetric data (sedimentation depth) were taken
from the compilation of Wagreich and Schmid (2002), which
was based on sedimentological and palaeontological investi-
gations (Kreutzer, 1993; Seifert, 1996). Relative sea-level
changes have not been incorporated in the calculations, since
the basin was separated from the world ocean after 10.5 Ma
(Steininger and Wessely, 1999).

Decompaction parameters were compiled from Steckler and
Watts (1978), Royden and Keen (1980), Sclater and Christie
(1980) Sawyer (1983) and, Bond and Kominz (1984). For the
present-day porosity, a value of 10 % has been generally as-
sumed (Fligel and Walitzi, 1968).

3.3. GENERATION OF SUBSIDENCE MAPS

For an area-wide visualisation of the tectonic subsidence,
maps were compiled for distinct stratigraphic boundaries (Fig.
8) and stratigraphic zones (Fig. 9). For the gridding process,
the software Surfer© was used. In Austrian Bundesmeldenetz



Coordinates, the defined area ranges from 742,000/302,000
(lower left; UTM M33: 591,650/5 301,089) to 792,000/378,000
(upper right; UTM M33: 640,310/5 377,928). Using the Kriging
algorithm, a grid with 200 rows x 100 columns, resulting in an
x-spacing of c. 500 m and y-spacing of c. 380 m was genera-
ted. Due to the Kriging algorithms and the irregular distribu-
tion of data points (boreholes), some isolated spots may oc-
cur; however, we used these maps to decipher general trends
in the regional distribution of subsidence. Uncertainties due to
the extrapolation of isolines to the basin margin were taken
into account critically during interpretation and conclusions
were drawn only from the central areas of the maps.

4. RESULTS AND INTERPRETATION

Only the Middle to Upper Miocene basin subsidence histo-
ry has been studied in detail because Lower Miocene basin
structures were triggered by different basin-forming mecha-
nisms, such as fault propagation folds that were active in the
underlying Alpine units (Holzel et al., 2008a), and thus repre-
sent the fill of one or more separate basins.

Results for the Middle to Upper Miocene basin history are
presented grouped (for the position of groups see Fig. 5) as
basement subsidence in total (BS-Total), tectonic subsidence
in total (TS-Total) and as tectonic subsidence rates (TS-Rate;
Figs. 6 and Fig. 7).

Many curves show the highest subsidence rates in the Up-
per Lagenid Zone, the duration of which has become shorter
since the 1990s, due to ongoing refinements of the Central
Paratethys chronostratigraphy and the local Vienna Basin-
zones. Although we are aware that the time factor is one of
the most influential parameters in basin analysis, the steep-
ness of the curves in this time interval is not thought to be
only an effect of its shorter length, because there are many
other curves show different subsidence rates (see below).
Consequently, we conclude that these results from the Upper
Lagenid Zone are not an artefact of an erroneously defined
duration, but represent a robust result.

4.1. REGIONAL TRENDS OF SUBSIDENCE

To obtain an accurate impression of the regional differences
in the subsidence history, the wells have been sorted into se-
veral groups (G1 — G13) based partly on their position, from
south to north. Their position within the same fault block bor-
dered by major faults or the occurrence in depocentres which
reached the same depth was also used in defining the groups.
All well-groups, fault names and key structural features are
indicated in Fig. 5.

4.1.1 GROuUPs G1 AND G2

The southernmost well is sol1. Due to of its isolated posi-
tion, it has been put into a separate group (G1). The three G2
wells lie in the footwall of the Leopoldsdorf Fault. The BS-
Total curve for lax2, rie1 and schwe1 display a continuous de-
crease through time. Well moW3 indicates a stepwise subsi-
dence, which, surprisingly, resembles the curve from well

DecompactionTool - Work Flow

‘ Input-Files (min, max, most likely value)

Lithobase Strata Well —
initial porosity t0 stratigraphic age layer thickness
porosity coefficient ¢ sedimentation depth lithology 1
sea level lithology 2
lithology 3
. . lithology 4
* Subsidence Calculation
- definition of subsidence begin
- strata name
- grain density Monte Carlo Simulation
- final porosity - select type of probability distribution

- tectonic shortening - number of MCS calculation cycles

- results mean and/or most likely values
* Output-File

FileName

- sedimentation (decomp.) - sedimentation (comp.)

- total subsidence - tectonic subsidence - basement subsidence
- sedimentation rate (decomp.) - sedimentation rate (comp.)
- tectonic subsidence rate - basement subsidence rate

FIGURE 4: Work flow and input parameters for the software DeCom-
pactionTool (Holzel et al., 2008b).

sol1. For the TS-Rate each curve is different as schwe? and
moW3 show peaks for the Upper Lagenid Zone, Sarmatian
and Middle Pannonian. Values from 250 m/Ma — 1000 m/Ma
dominate during those phases, in contrast to nearly no subsi-
dence during the remaining time intervals. Wells lax2 and rie1

also show the same peaks only in the Upper Lagenid Zone

Kilometers.
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FIGURE 5: Division of wells into groups according to fault blocks
including key structural features of the Vienna Basin such as faults
and highs and lows of the top of the pre-Neogene basement (for ge-
neral position of Vienna Basin and names of wells see Fig. 1).



and Middle Pannonian, but less total subsidence.

4.1.2 GROUP G3

This group (4 wells) comprises data from the hanging wall
block of the Leopoldsdorf Fault. The common trend of the BS-
Total is high subsidence within the Upper Lagenid Zone, which
also correlates with well moW3 from G2. This may be attribu-
ted to surface growth of the Leopoldsdorf Fault, starting with
the highest normal displacement in a more northern position.
In the Lower Lagenid Zone, the wells syn4, him1, rau1 and
syn3 start with moderate TS-Rates of 250 m/Ma, which, in the

Upper Lagenid Zone, increases to 500 m/Ma — 1000 m/Ma.
For the rest of the Miocene they subside in a very similar way,
with values around 100 — 250 m/Ma. With this pattern of ho-
mogeneous subsidence in the hanging wall of the Leopolds-
dorf Fault, slip variations along the Leopoldsdorf Fault (Holzel
and Wagreich, 2006) were probably mainly dependent on the
behaviour of the footwall block.

4.1.3 GrROurP G4

These wells are situated in an area where the normal faults
of the negative flower structure of the Mitterndorf sub-basin
2005) displace and
rotate blocks vertically. As a result,

(Hinsch et al.,

Lower Sarmatian
Upper Sarmatian

Bufimina Rotalia Z.

the wells all show essentially the
same subsidence history, although

Lower Pannonian
Middle Pannonian

Upper Pannonian

they are separated by faults. The

subsidence rates are very similar
to those of G2, although it accele-
rated in the Lower Lagenid Zone,
with a moderate TS-Rate of c. 250
m/Ma for the rest of the basin evo-
lution.
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rather subdued or not represented
in TS-Rates, indicating that this part
of the basin was not affected by sig-
nificant extension during later sta-
ges of basin evolution.

4.1.5 GROUP G6
The BS-Total curves of ger? and
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FIGURE 6: Groups 1-7: Basement subsidence total (BS-Total, dashed lines), tectonic subsidence
total (TS-Total, solid lines) and tectonic subsidence rates (TS-Rates, solid lines).
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similar, because they lie in the same fault block. TS-Rates unique trend in having a broadly distributed Late Badenian

display the same pattern as G5, with no, or only very minor subsidence that has been attributed to fault interference west

Sarmatian and Pannonian phases.

4.1.6 GRour G7

of the Markgrafneusiedl Fault. The TS-Rates do not exceed
450 m/Ma, but the development from the Upper Sarmatian
onwards coincides with the other wells of G9 and G10. Well

Wells of this group are situated in a strongly faulted area, in leo1 again shows a considerable difference to all other wells
which fault blocks are bordered by various narrow branches in the central part of the basin.
of the negative flower structure. The BS-Total results seem to The areas covered by G8 — G10 subsided together in a
resemble steady subsidence except during the Lower Lagenid largely similar way. This indicates that the Markgrafneusied|
Zone; the TS-Rates are similar to G5 and G6, with only one Fault is a very young feature, with post sedimentary activity
significant subsidence phase, in the Badenian. from the Upper Pannonian onwards.

4.1.7 GROuPrP G8

Well witt1 is situated at the nor-
thern flank of the Schwechat De-
pression and orth01 lies within the
Marchfeld Depression; both depres-
sions display high basement subsi-
dence values for the Vienna Basin,
of up to 4000 m. Both wells have
parallel BS-Total curves in the Ba-
denian, but antithetic curves for the
other time intervals. This has been
interpreted as the result of switch-
ing depocentres and sediment in-
put; if one depocenter was active,
the other one was inactive and vice
versa. BS-Total for well fiT1 of G7
is similar to well orth1, except dur-
ing the Pannonian, because the se-
diment record ends at the top Low-
er Pannonian. TS-Rates indicate 3
phases of subsidence, with Baden-
ian subsidence being the highest
(up to 1500m/Ma) and Middle Pan-
nonian subsidence being the lowest
(below 250m/Ma).

4.1.8 GROuP GO9S

The BS-Total trends of wells ess7,
raaT1 and adk78 and adkUT1 are
very similar, typical for the area be-
tween the Markgrafneusiedl Fault
and the Leopoldsdorf Fault, in the
central part of the Vienna Basin,
southwest of the Spannberg Ridge.
TS-Rates again display a threefold
pattern, similar to G8, but with low-
er rates in the Badenian.

4.1.9 GrRour G10

This group largely resembles G9
for the BS-Total values. The trends
of mark1, glinz1 and unT1 are the
same. Well leo1, which shows a
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FIGURE '7: Groups 8-13: Basement subsidence total (BS-Total, dashed lines), tectonic subsidence
total (TS-Total, solid lines) and tectonic subsidence rates (TS-Rates, solid lines).



Regional subsidence analysis in the Vienna Basin (Austria)

4.1.10 GROuPs G11 AND G12

In the sedimentary columns of G11 and G12, the Lower La-
genid Zone is missing and, consequently, subsidence curves
start later. The Badenian transgression was not able to reach
this area of the former coast line, at the flanks of the Spann-
berg Ridge and the Zwerndorf High (e.g. Weissenback, 1996).
Thus sedimentation started significantly later and a depocen-
ter for the transgressing sediments had not been established.
The basement structure of the Spannberg Ridge was uplifted
during the Upper Karpatian (Holzel et al., 2008a). Consequent-
ly, TS-Rates display a delay in subsidence in relation to data

phases resemble curves from G10.

4.2. SUBSIDENGCE MAPS
Figures 8 and 9 show total tectonic subsidence for the cen-
tral and southern part of the Vienna Basin, plotted as relative
depth maps for distinct tops of stratigraphic units and interval
subsidence between these stratigraphic boundaries, respec-
tively. The time intervals range from 1.1 — 1.7 Ma, except for
the Upper Lagenid Zone, which is considerably shorter, most
probably representing only 300,000 years (Fig. 2).
The top Lower Lagenid Zone subsidence pattern shows the
characteristic segmentation into nar-
row depocentres (Fig. 8a) due to the

14. 5 Ma - Top

y,

position of
subsidence maps

1800

1---'5':;:::"3“ 12.7 Ma - Top
1600 2. Schwechat sroon0 | Bulimina Rotalia
vigo | . Depression Zone
3...Zwerndorf ]
High 360000
1200 | 4..Spannberg
Ridge 380000 1
1000
340000
800
330000
600
L]
400 well s
positions
200 310000
Coordinates
0 BMN M34 750000 760000 TTODOO  TEOOO0 780000

FIGURE 8: Tectonic subsidence maps of the central and southern Vienna Basin displayed as cu-
mulative subsidence at 4 stratigraphic boundaries. Extrapolated isolines to the basin margin must not

be interpreted, because they represent artificial borders.

from surrounding, lower-lying areas with respect to the Spann-
berg Ridge, like well ebenT1.

4.1.11 GRoOur G13

Well zist4 was drilled into the hanging wall of the Steinberg
Fault. For the lower parts of the well, the TS-Rate shows ma-
xima within the Spiroplectamina Zone (1000 m/Ma) and in the
Sarmatian (250 — 500 m/Ma). These values contradict former
assumptions that the strongest activity on this major basin
forming fault was during the Lower Badenian, but it coincides
with the varying thicknesses of growth strata through time ob-
served on seismic sections. The two pronounced subsidence
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formation of strike-slip duplexes. In

the southern part, the hanging wall
of the Leopoldsdorf Fault subsided
considerably in relation to the foot-
wall, indicating the synsedimentary
movement of this fault during the
Lower Lagenid Zone. In the central
part, uplifted basement blocks, such
as the Spannberg Ridge, are dis-
played by zero values. The strong
subsidence segmentation suggests
major fault activity during the Lower
Lagenid Zone. The interval subsi-

11.5 Ma dence maps show that in the follow-
{ Top Sarmatian

ing depocentres merged (Fig. 9a).
During the early Badenian (Fig. 9b),
the Zwerndorf High developed, with
only 200 m total tectonic subsiden-
ce, in contrast to the more southern
regions, which subsided by up to
600 m during the same time-interval.
At the Badenian/Sarmatian boun-
dary, the delay in subsidence from
the central to the northern part is vi-
sible (Fig. 8c). From the late Baden-
ian to the top Sarmatian (Fig. 9c),
this trend reversed, with pronounced
subsidence in the Zwerndorf area
(600 m) and lower subsidence val-
ues within the Marchfeld Depression
(only up to 400 m). In the southern part of the basin, the fault
blocks of the negative flower structure subsided c. 600 m. The
top Sarmatian (Fig. 8d) indicates that the overall tectonic sub-
sidence was higher in the southern part (1500 m) than in the
central part (1000 m). The Sarmatian to Middle Pannonian
pattern (Fig. 9d) shows ongoing uniform subsidence with mo-
derate values affecting the deeper parts of the Vienna Basin,
whereas the marginal areas remain nearly stable.

4.3. GENERAL SUBSIDENCE TRENDS
In general, the subsidence curves of the Vienna Basin dis-
play a typical pattern for strike-slip basins, with very high sub-



sidence rates (up to > 1000 m/Ma), but in only short phases,
and a general “concave-up” shape (Allen and Allen, 2005).

The calculated TS rates are significant for interpreting the
subsidence patterns and the tectonic driving forces of basin
formation. To discriminate phases of increased subsidence,
the TS-Rate curves were divided into 3 types based on their
shapes (Fig. 10). There is one (type A) with high rates in the
Badenian decaying continuously through the rest of the Mio-
cene. The second type (type B) includes the Badenian signal
but has an additional subsidence peak within the Sarmatian.
Type C has 3 peaks, with the Badenian and Sarmatian peaks
followed by a weaker signal in the
Middle Pannonian.

Type A, with a major early Baden-
ian subsidence event followed by
decreasing subsidence, has been
documented in previous investiga-
tions and conforms to the general
pull-apart stretching model assu-
med for the Vienna Basin (Sclater
et al.,, 1980; Lankreijer et al., 1995
and Baldi et al., 2001). Based on 2
boreholes, Baldi et al. (2001) calcu-
lated about 500 m of rapid subsi-
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a product of regional extensional tectonics related to a late
phase of lateral extrusion.

The Pannonian subsidence phase shows maximum values
of about half that of the Sarmatian subsidence. This can be
correlated to the major basin-forming subsidence phase of
the nearby Pannonian Basin, because of their co-eval occur-
rence and the position of the Vienna Basin, at the periphery
of the Pannonian Basin System. This significant Pannonian
subsidence was not recorded by previous workers, who pro-
posed only subdued subsidence or subsidence termination in
the Pannonian (e.g. Sclater et al., 1980; Royden, 1985).
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dence in the Pannonian Basin du-
ring this time interval. In the early m
Badenian, uniform subsidence star- 1...Marchfeld
Depression
ted and affected nearly the whole 1200 | 5 ochwechat
Carpatho-Pannonian area (Sclater Depression
1000 3...2Zwerndorf
et al., 1980). However, our results High
differ from others (e.g. Wagreich 4"‘2&1":“’“
800
and Schmid, 2002) as the Karpa-
tian was not included in the calcu- 400
lations, as different mechanisms for
the Lower Miocene basin formation 400
[
have been inferred. Large areas, well
which today lie outside the Vienna 200  positions
Basin, lay within the former Lower Coordinates
Miocene wedgetop zone. Subsiden- 0 BMN M34

ce occurred locally and was mainly
governed by the synsedimentary
thrusting of the underlying Alpine
units. This basin phase essentially ended in the Middle Mio-
cene, with the initiation of the pull-apart Vienna Basin. There-
fore, the subsidence values presented here only include (Low-
er) Badenian data and strongly suggest a solely Badenian “rif-
ting” event of strike-slip basin formation. The Sarmatian sig-
nal, which reaches to around half that of the Badenian subsi-
dence rate, is comparable to a minor Sarmatian phase in the
Styrian Basin (Sachsenhofer et al., 1997) with an estimated
stretching factor of < 1.05. Minor extension is also implied by
our data, as Sarmatian tectonic subsidence rates are always
lower than Badenian subsidence rate maxima. This Sarmati-
an phase seems to reflect a common development for the ba-
sins at the eastern margin of the Eastern Alps and might be
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Zone - Sarmatian

750000 TE0000 TTO000 TEOD00 TH0000

750000 TEO000 TT0000 TBOO0D TH0000

FIGURE 9: Maps of tectonic subsidence of 4 stratigraphic intervals.

Sclater et al. (1980) presumed a uniform stretching of a fac-
tor 2 with subsequent lithospheric cooling, which explains their
rapid first subsidence phase (Badenian) and the slower linear
second phase from the Sarmatian onward, ending during the
Pannonian. However, their investigations were based on only
one borehole from the centre of the Vienna Basin. Royden
(1985) also indicated only one major extensional pull-apart
phase, without a significant Pannonian subsidence pulse. Lan-
kreijer et al. (1995) indicated more than one subsidence pha-
se; in the Karpatian-Badenian, in the late Badenian to early
Sarmatian and in Pontian to Pliocene times. This threefold
subsidence path largely corresponds to our refined results,
although the timing differs due recent improvements in the
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FIGuRE 10: Three different curve shapes of tectonic subsidence
rates as base for the classification of subsidence phases.

basin chronostratigraphy. However, this Pontian to Pliocene
subsidence cannot be compared to the Middle Pannonian
phase documented here, as Lankreijer et al. (1995) relied
strongly on younger, Plio-Pleistocene subsidence, as recor-
ded in the Mitterndorf subbasin, which is clearly separated in
time from our Middle Pannonian pulse.

The subsidence modelling of Lankreijer et al. (1995) indica-
ted that the Vienna Basin shows a trend from thin-skinned ex-
tension in the north-eastern part to whole lithospheric exten-
sion in the central-southern part. Stretching values between
1.04 and 1.30 for the crustal extension and between 1 in the
northern part and 1.60 in the southern part for lithospheric
extension were proposed. This modelling did not account for
separate phases of subsidence, but relied on strong initial
Karpatian and Badenian subsidence, followed by minor ther-
mal subsidence. Such a model only accounts for our type A,
with curves showing only one subsidence phase, followed by
rapidly decaying values.

5. CONCLUSIONS

The Vienna Basin is located at the transition between the
Eastern Alps, the Carpathians and the Pannonian Basin Sys-
tem. In this special position, the basin underwent more than
one phase of subsidence during the Miocene pull-apart tecto-
nism. The general trends imply that the major phase of for-
mation started in the Badenian (Upper Lagenid Zone - Bulimi-
na Rotalia Zone; Middle Miocene). Some of the backstripped
wells show a decrease of subsidence throughout the Mioce-
ne, but, due to the intense internal segmentation of the basin,
other wells display significant subsidence phases in the Sar-
matian and Middle Pannonian also. These phases are com-
parable to events in the Styrian and Pannonian basins. As a
result of chronostratigraphic refinements and the high density
of boreholes, this study has shown that the interpretation of
the overall subsidence pattern is not as simple as previously
thought. Regionally or locally, the effects of at least three suc-
cessive phases of extension, related to the late stage of Al-
pine-Carpathian orogeny and the ongoing lateral extrusion

and Pannonian Basin formation, have been found in the Vien-
na Basin. This indicates that these tectonically related areas
were influenced by each other during basin evolution and in-
dicate that more than one extensional basin phase occurred
during the Middle to Upper Miocene.
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