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ABSTRACT

ABSTRACT

The Vienna Basin (central Europe) is a Neogene sedimentary basin situated on top of
the Alpine fold-and-thrustbelt. It is located at the junction between the Eastern Alps, the
Carpathians, and the Pannonian Basin system. Due to the special position of the basin,
the Vienna Basin tectonic evolution has a complex history and has been influenced by
the evolution of each of these geologic systems. The Vienna Basin is characterized
mainly by four distinct tectonic phases; 1) Early Miocene piggy-back basin, 2) Middle -
Late Miocene pull-apart basin, 3) Late Miocene - Pliocene compression and basin

inversion and 4) Quaternary basin formation.

The northern and central parts (Czech and Slovakian parts) of the Vienna Basin are
highly important to understand the overall stratigraphic and structural evolution of the
basin. However, the studies focused mainly on the southern and central parts (Austrian
part) of the basin for a variety of reasons. A comprehensive detailed study crossing the
borders of Austria, Slovakia and Czech Republic is still missing. Therefore this thesis
focused on the northern and central parts to investigate the basin evolution, and then the
results are compared with previous studies arranged in the southern part to reach the

goal of this thesis - the integrated basin analysis of the Vienna Basin, central Europe.

To analyze data acquired from the Vienna Basin, this study decided to develop a
program for sedimentary basin analysis and visualization. Here the developed program,
BasinVis 1.0, was designed to analyze and visualize stratigraphic setting and subsidence
evolution of a sedimentary basin from wells or stratigraphic profile data. BasinVis 1.0 is
mainly based on two numerical methods; interpolation and subsidence analysis. The
numerical methods are computed in MATLAB® which is a multi-paradigm numerical
computing environment used extensively in academic, research and industrial fields. The
graphical user interface intuitively guides users through all process stages and provides
tools to analyze and export the results. All 2D and 3D visualizations are created by using
MATLAB plotting functions, which enables users to fine-tune the results using the full
range of available plot options in MATLAB. BasinVis 1.0 performs the task of
stratigraphic setting and subsidence evolution, and provides geologists with an easy-to-

learn and user-friendly program for sedimentary basin analysis.
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The well data reaching the pre-Neogene basement were analyzed for a detailed and
gquantitative subsidence history in the northern and central parts of the Vienna Basin. The
results were compared with previous studies including the southern part of the basin, to
understand the comprehensive basin evolution. After shallow subsidence of the piggy-
back basins, the late Early Miocene data show abruptly increasing subsidence, which
initiated the Vienna pull-apart basin system. From the Middle Miocene, the subsidence
was decreasing overall, however the tectonic subsidence curves show regionally
different patterns. This study suggests that a major tensional regime change, from
transtension to E-W extension, can be related to the laterally varying tectonic subsidence
across the Vienna Basin. From the late Middle to the Late Miocene, the tectonic
subsidence occurred dominantly along the regional active normal faults, and
corresponds to the E-W trending extension. This study arranged the tectonic subsidence
history of the Vienna Basin to five phases; 1) E-W trending piggy-back subsidence (Early
Miocene), 2) NE-SW transtensional subsidence (late Early Miocene), 3) NW-SE to E-W
transitioning extensional subsidence (Middle Miocene), 4) E-W extensional subsidence

(late Middle - Late Miocene) and 5) NE-SW transtensional subsidence (Quaternary).

BasinVis 1.0 was used to analyze and model well data for the depositional setting and
the subsidence evolution of the northern and central Vienna Basin. The depositional
setting for each stage was modeled to 3D sediments distribution models, 2D sediments
isopach maps and cross-section profiles. Subsidence modeling resulted in 3D subsided
depth surface models and 2D subsidence rate maps of the basement and tectonic
subsidences of each stage. The models provided insights into the integrated and
extensive basin evolution of the Vienna Basin, which is closely related with the regional
stress change and the paleoenvironmental setting. After the shallow and E-W to NE-SW
propagating synsedimentary thrust (piggy-back basin phase), the Vienna Basin changed
to a pull-apart basin system with wider and deeper deposition and subsidence by sinistral
strike-slip faults. The sediments deposited during the Early Miocene were supplied
through the small deltaic system entering from the south. After shallow deposition and
subsidence of the earliest Middle Miocene, the development of the Vienna Basin was
controlled and accelerated mainly by NE-SW trending synsedimentary normal faults,
especially the Steinberg fault. From the Middle to Late Miocene, enormous amount of
sediments eroded from the Molasse area were supplied by a broad paleo-Danube delta

complex on the western flank of the basin.




ABSTRACT

ZUSAMMENFASSUNG

Das Wiener Becken (Mitteleuropa) ist ein neogenes Sedimentbecken im Alpinen Falten-
und Uberschiebungsgiirtel. Es liegt im Grenzbereich zwischen den Ostalpen, den
Karpaten und dem Pannonischen Beckensystem. Durch diese spezielle Position hat das
Wiener Becken eine komplexe tektonische Entwicklungsgeschichte vorzuweisen, die
von allen drei geologischen Systemen beeinflusst wurde. Das Wiener Becken ist durch
vier eindeutige Phasen charakterisiert: 1) Frihmiozanes Piggy-back Becken, 2) Mittel-
bis Spatmiozanes Pull-apart Becken, 3) Spatmiozan bis Pliozdne Kompression und
Beckeninversion und 4) Quartare Beckenentstehung.

Die zentralen und ndérdlichen (in Tschechien bzw. der Slowakei gelegenen) Teile des
Beckens sind von groRRer Bedeutung fir das Verstandnis der allgemeinen
stratigraphischen und strukturellen Entwicklung des Beckens. Aus mehreren Griinden
lag der Forschungsfokus allerdings hauptséchlich auf den stdlichen und zentralen (in
Osterreich gelegenen) Bereichen des Beckens. Eine umfassende Studie ber die
Grenzen von Osterreich hinaus ist bisher noch ausstandig. Daher untersucht diese
Dissertation vor Allem die Entwicklungsgeschichte in den zentralen und nérdlichen
Bereichen des Beckens und vergleicht die Resultate mit existierenden
Studienergebnissen aus den sldlichen Bereichen um das endgiiltige Forschungsziel
dieser Arbeit zu erreichen — die vollstandige Analyse des Wiener Beckens, Mitteleuropa.

Um die Daten aus dem Wiener Becken zu untersuchen, wurde im Zuge der Studie eine
Software zur Analyse und Visualisierung von Sedimentationsbecken entwickelt.
BasinVis 1.0, ist fur die Analyse und Visualisierung des stratigraphischen Aufbau und
der Subsidenzgeschichte von Sedimentationsbecken basierend auf Bohrkern- oder
stratigraphischer Profildaten ausgelegt. BasinVis 1.0 benutzt dabei zwei grundlegende
numerische Methoden, Interpolation und Subsidenzanalyse. Zur Berechnung dieser
Methoden wird MATLAB®, eine im akademischen Bereich weit verbreitete
Entwicklungsumgebung fiir numerische Berechnungen, verwendet. Die graphische
Benutzeroberflache fuhrt Nutzer intuitiv durch alle Prozessphasen und stellt Funktionen
zur Detailanalyse und zum Datenexport bereit. Alle 2D und 3D Visualisierungen werden
mit MATLAB Plot Funktionen erstellt, dadurch haben Nutzer vollen Zugriff auf die von
MATLAB gebotenen Plot Bearbeitungsoptionen.
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Um eine detaillierte quantitative Subsidenzgeschichte in den zentralen und nérdlichen
Bereichen des Wiener Beckens zu erstellen wurden Bohrungsdatensétze die den pre-
neogenen Beckengrund erreichen ausgewertet. Die Resultate wurden mit friheren
Studien, verglichen zum Verstandnis der beckenibergreifenden Entwicklungs-
geschichte. Nach seichter Subsidenz der piggy-back Becken, ist im Spaten Frihmiozén
ein abrupter Anstieg der Subsidenz zu verzeichnen der das Wiener Pull-apart
Beckensystem eingeleitet hat. Basierend auf den Erkenntnissen dieser Studie kdnnten
die lateralen Unterschiede in der tektonischen Sunsidenz durch einen bedeutenden
transtensionalen Regimewechsel von Transtension hin zu O-W Extension erklart werden.
VVom spaten Mittelmiozan bis zum Spatmiozan trat tektonische Subsidenz hauptséchlich
entlang der aktiven regionalen Verwerfungen auf, was auf eine O-W Extension schliel3en
lasst. Diese Studie unterteilt die tektonische Entwicklungsgeschichte des Wiener
Beckens in funf Phasen: 1) O-W Piggy-back Subsidenz (Frihmiozén), 2) NO-SW
transtensionale Subsidenz) (spates Friilhmiozan), 3) NO-SW zu O-W Ubergang
extensionale Sunsidenz (Mittelmioz&n), 4) O-W extensionale Sunsidenz (spates Mittel -
Spatmiozan) und 5) NO-SW transtensionale Subsidenz (Quartar).

BasinVis 1.0 wurde zur Analyse des Ablagerungsaufbaus und der Subsidenzentwicklung
des zentralen und ndérdlichen Wiener Beckens eingesetzt. Zur Untersuchung des
Ablagerungsaufbaus  wurden  fir jede  geologische Einheit ein 3D
Sedimentverteilungsmodell, eine 2D Isopach Karte und diverse Querschnittsprofile
erstellt. GleichermalRen wurden fir die Subsidenzanalyse fur jede Einheit 3D
Subsidenztiefenmodelle und 2D Sunsidenzraten Karten fir Basis- und tektonische
Subsidenz erstellt. Diese Modelle gaben Aufschluss in die beckentbergreifende
Entwicklung des Wiener Beckens, welche stark mit dem Palaogeography und regionalen
Spannungswechseln zusammenhangt. Nach seichten Uberschiebungen mit einem O-W
Trend (piggy-back Beckenphase), fand im Wiener Becken ein Ubergang zu einem pull-
apart Beckensystem mit weiterer und tieferer Ablagerung und Subsidenz an sinistralen
Strike-Slip Verwerfungen statt. Die Sedimente des Frilhmiozéans wurden von einem
kleineren Deltasystem im Sitden antransportiert. Nach den seichten Ablagerung und
Subsidenzen des frihen Mittelmiozans wurde die Entwicklung hauptséchlich durch
synsedimentére Verwerfungen mit NO-SW Trend, allen voran der Steinberg Verwerfung,
beherrscht und beschleunigt. Vom Mittel- bis zum Spatmiozan wurden enorme
Sedimentmengen, die durch Erosion in der Mollassezone entstanden sind, Uiber einen
breiten paleo-Donau Deltakomplex an die westliche Flanke des Beckens geschwemmt.

Vi
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CHAPTER 1. INTRODUCTION

1.1 STUDY MOTIVATION AND OBJECTIVES

The Vienna Basin is situated on top of the Alpine fold-and-thrustbelt, located at the
junction between the Eastern Alps, the Carpathians and the Pannonian Basin system
(Fig. 1.1). The basin has been studied intensively starting with classical
paleontological-stratigraphical papers and then continuing since the beginning of

hydrocarbon exploration about 100 years ago.

The Vienna Basin is spreading over three countries in the central Europe; Austria,
Slovakia and Czech Republic (Fig. 1.2). However, a humber of studies focused
mainly on the southern and central parts (Austrian part) of the basin for a variety of
reasons. A comprehensive detailed study crossing the borders of the three countries
is still missing. The northern and central parts (Czech and Slovakian parts) are highly
important to understand the overall stratigraphic and structural evolution of the basin,
because these parts contain up to 6 km of the Miocene sedimentary rocks, several
complex structures, and the Steinberg Fault, one of the most prominent structure

features of the basin.

This thesis tries to investigate the comprehensive basin setting and
tectonostratigraphic subsidence evolution of the Vienna Basin. This project primarily
targets the northern and central parts, and the results are compared with previous
studies arranged in the southern and central parts (Austrian part). For this study, a
number of well, seismic and geophysical data from the northern and central parts of
the Vienna Basin were collected, arranged and analyzed by a variety of
interdisciplinary techniques (e.g. decompaction, backstripping, interpolation,

visualization, 3D modeling).

At the initial stage of this doctoral project, | found out that sediments distribution and
subsidence patterns are quite different among the southern, central and northern
parts in the Vienna Basin through the Miocene. The difference was more significant
during the Middle Miocene time, and some results could not support the generally
stated theory that the Vienna Basin is a classical thin-skinned pull-apart structure. To
analyze regional depositional setting and subsidence history in integrated models,
this thesis project started developing a MATLAB-based program to visualize
extensively the stratigraphic/structural setting and subsidence evolution. The

research results were intensively discussed in this doctoral thesis.
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1.2 GEOLOGIC OVERVIEW OF THE VIENNA BASIN

The Vienna Basin tectonic evolution has a complex history due to the position of the
basin which is bordered by the Eastern Alps in the West, the Western Carpathians
in the North-East and the Pannonian Basin system in the Southeast (Fig. 1.1). The
Eastern Alps and the Western Carpathians formed by collisional orogenies during
the Mesozoic and the Cenozoic (Decker and Presson, 1996; PlaSienka et al., 1997;
Royden, 1988). The Pannonian Basin system is a result of Middle to Late Miocene
lithospheric extension (Sclater et al.,, 1980; Royden et al., 1983a, 1983b). The
Alpine-Carpathian-Pannonian system was deformed by the late Paleogene and
Neogene lateral extrusion of the Eastern Alps towards the Pannonian area in the
East (Ratschbacher et al., 1991a, 1991b). The extrusion caused complex and
polyphase strike-slip faulting and back-arc-extension linked to the retreating
subduction zone, and further resulted in development of Miocene pull-apart basins
(e.g. Vienna Basin) and extensional rift basins (e.g. Pannonian basin) (Csontos et
al., 1992; Decker and Peresson, 1996; Horvath, 1993; Huisman et al., 2001; Royden,
1985, 1988)

n Alps
whips o ~Eeste Pannonian
- Basin !

@0% : System

sueiyiedie)
uis)seq

Adriatic
plate

Figure 1.1. Location of the Vienna Basin (VB) in the region between the Eastern Alps,
the West Carpathians and the Pannonian Basin System. Along the NW flank the Alpine
Molasse Foreland Basin extends parallel to the Alpine-Carpathian units.

The Vienna Basin has been influenced by the evolution of each of these geologic
systems. The basin is characterized by four distinct tectonic phases; 1) Early
Miocene piggy-back basin, 2) Middle - Late Miocene pull-apart basin, 3) Late
Miocene - Pliocene compression and basin inversion and 4) Quaternary basins
formation (Beidinger and Decker, 2011; Decker et al., 2005; Peresson and Decker,
1997a, 1997b; Salcher et al., 2012; Seifert, 1992; Strauss et al., 2006).
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Figure 1.2. a) The tectonic and structural map of the Vienna Basin showing the faulted
pre-Neogene basement surface and the base depth of the Neogene fill (revised from
Arzmiller et al., 2006; Wessely et al., 1993). AT: Austria, SK: Slovakia, CZ: Czech

Republic. Locations of wells and cross sections are shown in the study area. Quaternary

basins are arranged along the Vienna Basin transfer fault system; @ Mitterndorf Basin,
@ Aderklaa Basin, ® Obersiebenbrunn Basin, @ Lassee Basin, & Zohor Basin, @&
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Beidinger, 2013).
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1.2.1 Early Miocene Piggy-back basin

In the Early Miocene (c. 20 — 17 Ma), several E-W trending small sub-basins
subsided on the frontal parts of the N- to NW- propagating thrustbelt of the
Eastern Alps. This basin stage was active from the Eggenburgian to the early
Karpatian (Decker, 1996; Fodor, 1995; Jificek and Seifert, 1990; Seifert, 1992,
1996). It is described as piggy-back basin system (wedge-top basin; Ori and
Friend, 1984), formed on top of active thrust sheets. Although the Eggenburgian
sediments were restricted to the northern part of the Vienna Basin, during the
Ottnangian and the early Karpatian the sedimentation spread to the central part
(Decker, 1996; Jificek and Seifert, 1990; Strauss et al., 2006).

1.2.2 Middle — Late Miocene Pull-apart basin

At the end of the Early Miocene (c. 17 — 16 Ma), the Vienna Basin became a
pull-apart structure (Decker, 1996; Fodor, 1995). Structural styles within the
pull-apart are dominated by NE-SW trending sinistral strike-slip duplexes and
en-echelon listric normal faults with a left stepping geometry at the Vienna Basin
transfer fault (Decker et al., 2005; Royden, 1985, 1988). The main tectonic
elements are the Steinberg fault (5.6 km normal offset), the Leopoldsdorf fault
(4.2 km normal offset), the Laksary fault, the Farsky fault and the Lanzhot—
Hrusky fault (Cekan et al., 1990; Decker et al., 2005; Kréll et al., 1993) (Fig. 1.2
and 1.5). Growth strata along normal faults indicate that faulting occurred
synsedimentary during the late Early and Middle Miocene (Decker, 1996). The
geodynamic processes resulted in an intricate arrangement of prominent highs
and partly deeper subsided depocenters (Holzel et al., 2008b), where local
variations in sedimentary evolution may exist (Arzmduller et al., 2006; Strauss et
al., 2006). The pull-apart basin (c. 16 — 8 Ma) was filled by Badenian syn-
tectonic deposition, which was blanketed by the deposition of the Sarmatian and
Pannonian successions without major depositional breaks (Arzmiiller et al.,
2006). In the central Vienna Basin the Badenian sediments are divided into
proximal deltaic clastics and a distal basinal facies, which continued throughout
the Sarmatian in most parts of the Vienna Basin. During the Early and Middle
Pannonian clay and sand was deposited in a lacustrine environment (Lake
Pannon). During the Late Pannonian the Vienna Basin was filled with mainly

with alluvial sediments (Harzhauser and Piller, 2004; Strauss et al., 2006).
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Figure 1.3. Stratigraphy and evolution of the Vienna Basin (Decker, 1996; Fodor, 1995;
Fuchs and Hamilton, 2006; Hamilton et al., 2000; Hohenegger et al., 2014; Holzel et al.,
2010; Peresson and Decker, 1997a; Wagreich and Schmid, 2002).
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1.2.3 Late Miocene — Pliocene compression and basin inversion

In the latest Pannonian, sinistral faulting and pull-apart subsidence halted during
a major switch of the regional stress field from N(NW)-directed compression to
E-W-directed compression for the central part of the Vienna Basin (Decker and
Peresson, 1996; Peresson and Decker, 1997a, 1997b). This resulted in basin
inversion with an uplift of more than 200 m, which also caused sediment

deformation and erosion (Decker, 1996; Strauss et al., 2006).
1.2.4 Quaternary basins

The Quaternary and recent reactivation of the Vienna Basin is related to NE-
SW extension of basins since c. 250 - 300 ka (Salcher, 2008) at a releasing
bend along the slow moving sinistral strike-slip faults (1-2mm/y; Grenerczy et
al., 2000; Decker et al., 2005). The Vienna Basin transfer system (VBTF)
corresponds to a zone of moderate seismicity, proving the continued activity of
the fault zone. These small Quaternary basins include the Mitterndorf, Aderklaa,
Obersiebenbrunn, Lassee, Zohor, Pernek and Solosnica basins (Fig. 1.2). They
are filled mainly by fluvial sediments up to 150 m which are unconformably
overlying Miocene sediments (Beidinger et al., 2011; Beidinger and Decker,
2011; Decker et al., 2005; Hinsch et al., 2005b; Kullman, 1966; Salcher et al.,
2012).
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Figure 1.4. Miocene depositional system and lithostratigraphic unit names arranged
across the Vienna Basin from SW to NE (revised from Barath et al., 2001; Kovac¢ et al.,
2004).
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1.3 MAIN STRUCTURAL ELEMENTS OF THE VIENNA BASIN

The Vienna Basin has a rhombohedral shape with the left-stepping pattern of en-
echelon faults (Royden, 1985). Along the western flank, the Schrattenberg-
Steinberg-Bisamberg-Leopoldsdorf Fault systems separated a system of
depressions from the western marginal blocks (Poysbrunn, Mistelbach and Mddling
Blocks) (Fig. 1.5). A system of grabens are lying along the eastern marginal blocks
(the Leitha Moungtains and the Male Karpathy Block). The median high zones (the
Matzen-Aderklaa, the Wiener herberg and the Enzersdorf highs) are separated by
depressions and faults (Arzmuller et al., 2006; Sauer et al., 1992; Wessely et al.,
1993).

upper Pannonian
middle - lower Pannonian
Sarmatian

Badenian

0ooen

Eggenburgian, Ottnangian, Karpatian

Figure 1.5. Map of the Vienna Basin showing surface sediments and main structural
elements; faults, highs, horsts, depressions and grabens (revised from Arzmiller et al.,
2006).
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Geographically, the Vienna basin is subdivided in three parts. The northern part
covers the area north of the Kuty graben. The central part extends from the Kuty
graben to the Schwechat depression, including the Zistersdorf depression. The
southernmost part of the Vienna basin covers the area south of the Schwechat
depression, including the Wiener-Neustadt basin and the Mitterndorfer depression
(Lankreijer et al., 1995).

This study focuses on the northern and central parts of the Vienna Basin. The parts
were dissected into several fault blocks consisting of lower lying depressions,
grabens, highs and stable horsts (Fig. 1.5). The most significant tectonic units in the
northern and central parts of the Vienna Basin are (Arzmiiller et al., 2006; Cekan et
al., 1990; Hlavaty, 1996; Wessely et al., 1993):

e Faults: Steinberg fault, Schrattenberg fault, Laksary fault, Farske fault,

Lanzhot—Hrusky fault, Hodonin-Gbely fault, Lab fault, Leitha fault system

¢ Highs and horsts: Steinberg high (Mistelbach block), Matzen high, Zavod,
Sastin block, Laksary horst, Lab-Malacky horst, Hodonin-Gbely horst

e Depressions and grabens: Zisterdorf depression, Moravian Central
depression, Levare depression, Suchohrad depressions, Gajary depression,

Zohor-Plavecky Mikulas graben, Kuty graben

1.4 DATABASE

A number of geological and geophysical data of the northern and central parts of the
Vienna Basin were acquired from the archives of the Dionyz Stur Institute, Bratislava,
Slovakia. Data of 201 wells for the northern and central Vienna Basin were arranged
for this study (Table 1.1 and Appendix A). Well data in the Austrian region of the
central part were obtained from Hoélzel (2009). Missing well-data in some areas was
corrected by using data from the maps of the Pre-Neogene basement and the
Neogene basin fill (Arzmuller et al., 2006; Cekan et al., 1990; Jificek and Seifert,
1990; Wessely et al.,, 1993) and interpolated from time-depth conversion of
stratigraphic boundaries within seismic reflection data. These interpolated points
have been termed as synthetic wells in this study. The wells were used for sediments

distribution and isopach mapping. Among them, wells reaching the pre-Neogene
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basement were analyzed by decompaction and backstripping techniques to gain

subsidence curves and rates.

To analyze subsidence, the porosity-depth relation is evaluated for the Vienna Basin
in this study (see Chapter 1.6). Regional water-depth variations were assumed from
Sauer et al. (1992) and Seifert (1992) (Fig. 1.6). This study has not incorporated
relative sea-level changes in the calculations, since the basin was separated from
the world ocean around the early Late Miocene. Additionally, also the regional sea-
level changes in the Paratethys were partially in accordance with the global sea-
level cycles and superimposed by regional tectonic processes (Haq et al., 1987,
Steiniger et al, 1988; Steininger and Wessely, 1999), and the known short-time sea-

level fluctuations do not perturb the longer-term subsidence trends.

Block Name | Abb Numbers Total
Borsky Jur BJ 4,5 6,7,8, 16 6
Cunin Cu 2,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 