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Abstract

Since the beginning of hydrocarbon exploration in Austria, more than 4,400 wells have been drilled; the deepest reaching 8533 m. In
addition, extensive geophysical surveys have been conducted. Cumulative Austrian production is equal to 108,5 MM tonnes of oil and
72.1 Bm? of gas.

The most important hydrocarbon provinces of Austria are the Vienna basin, the Molasse Zone and the Northern Alps. The first of these
areas, the intramontane Vienna Basin, has produced by far the largest volumes of hydrocarbons and also provided Austria’s earliest
production. Oil and gas production in the Vienna basin has come from Neogene basin-fill sandstones (termed the First Floor) and from
underlying allochthonous Upper Triassic dolomites of the Calcareous Alpine Zone and Flysch sandstones (Second Floor). Whilst some
exploration of deep, autochthonous, mainly Jurassic-age, sub-thrust reservoirs under the Neogene of the Vienna Basin (Third Floor) has
been conducted this had to be abandoned on economic grounds.

60 years of exploration has provided detailed knowledge of the structural and sedimentological history of the Vienna Basin. In the past
structural traps, associated with the Steinberg fault (maximum displacement 6,000 m) and large intra-basin highs (Matzen, Aderklaa) were
targeted. More recently, stratigraphic traps have been successfully explored. The primary targets within the second floor are dolomitic
reservoirs sealed either by overlying Neogene marls (relief deposits) or by tight Calcareous Alpine sequences (internal deposits). The main
source rock for the hydrocarbon accumulations of the Vienna Basin is thought to be autochthonous Malmian-age marts.

No commercial discoveries have yet been made in other Austrian intramontane basins e.g. the Pannonian or Styrian basins.

The frontal Alpine Molasse Zone is Austria’s second most important hydrocarbon province containing many oil and gas fields mainty
reservoired in Tertiary sandstones. Oil discoveries are confined to Eocene shallow marine sands trapped against southerly dipping non
conformabile faults. Gas has been found in Oligocene and Miocene deep marine fan deposits, within stratigraphic traps and compaction-
related closures. Minor amounts of hydrocarbons have been recovered from Cretaceous sandstones and Jurassic carbonates beneath
the Molasse Zone. Imbricated Molasse sequences close to the Alpine thrust front provide additional targets. Source rocks within the
Molasse Zone are Oligocene fish shales in Upper Austria and Salzburg and Malmian-age marls in Lower Austria. The extensive exploration
of the area including the acquisition of a dense seismic grid allowed for detailed geodynamic and sedimentological models of the Molasse
Zone.

Within the Northern Alps, the main exploration targets have been the thrust units of the Northern Calcareous Alps and the sub-thrust
floor. Fractured dolomite reservoirs within the Northern Calcareous Alps provide a reservoir target sealed by tight sequences of
Cretaceous Gosau Group, Lunz and Werfen Formations.

The Helvetic unit and the Rhenodanubian Flysch unit are viewed as marginally prospective. Reservoirs within the subthrust zone
comprise Jurassic carbonates and Cretaceous sandstones. A commercial gas field (Hoflein) reservoired in Middle Jurassic cherty
sandstones has been discovered beneath the Flysch Zone. The distribution of source rocks for the sub-thrust zone is similar to that
described for the Molasse Zone.

were followed by single-fold and six-fold 2D seismic in the
1950's, leading to a new geological understanding of the
basin and to the discovery of the giant Matzen field with
approximately 80 MM tonnes of oil {570 MMBO) initial re-

Exploration and Production of
Hydrocarbons in Austria — An Overview

Hydrocarbon exploration and production in  Austria

(Fig. 1) began in the 1930’s. At that time shallow and geo-
logically simple targets were the focus. Subsequently,
deeper reservoirs were targeted. This development culmi-
nated in the drilling of wildcats to depths greater than
8,000 m in the 1980’s.

These activities were accompanied by constant upgrad-
ing of exploration, production and drilling tools. Surface
mapping and clusters of shallow wells in the Vienna Basin
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serves.

As drilling advanced from using simple rigs with restricted
depth capacity and security to modern drilling technology,
deeper and more complex traps were explored. Drilling
depths continuously increased from 1940 onward and
reached a peak in 1980, with the drilling of Zistersdorf UT2A
to a depth of 8,553 m (SPORKER, 1984). Curves of drilling
activity reflect times of intense or stagnant exploration, and
development of new fields (Fig. 2).
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Oil and gas producing regions in Austria.
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OMV - DRILLING ACTIVITY
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After limited exploration
success between 1983 and
1991, economic considera-
tions led to renewed explora-
tion for shallow targets, espe-
cially around existing fields,
using 3D seismic. The intro-
duction of 3D seismic has re-
vealed previously unknown
structural and stratigraphic
traps and in some cases di-
rect hydrocarbon detection
could be used for prospect
definition.

In Austria, 1085 MM
tonnes/oil (c.752 MMBQ) and
72.1 Bm® gas (c.2.7TCF) have
been produced; 99.5 MM
tonnes/oil (c.700 MMBO) and
52.4 Bm® gas (¢.2.0TCF) from
the Austrian part of the Vienna
Basin (Fig. 3).

Austria contains parts of
several important elements of
European geology: The Bo-
hemian massif, the Molasse
zone, the Alpine-Carpathian
chain and intramontane ba-
sins (the Vienna Basin, the
Styrian Basin and the Panno-
nian Basin). Hydrocarbon ex-
ploration has been conduct-
ed in several areas, the most
important being the Vienna
Basin and Molasse Zone.
Significant hydrocarbon ex-
ploration efforts in the Panno-
nian and Styrian Basins have
not yet led to economic suc-
cess. The Northern Alps are
productive beneath the Neo-
gene of the Vienna Basin.
Some, mostly non-commer-
cial, discoveries were made
within and below the Northern
Alps outside of the Vienna
Basin.

Three “floors" (distinct se-
guences, each with a sepa-
rate structural history) can be
distinguished in the Vienna
Basin. The First Floor con-
sists of Neogene sediments
as infill upon the subsided
Second Floor, composed of
allochthonous Alpine-Car-
pathian thrust sheets, thrust
over the Third Floor, the auto-
chthonous Tertiary and Meso-
zoic basement cover (Fig. 4).
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Exploration of the First Floor began in present-day Slova-
kia at Egbell in 1913. In Austria (Fig. 5), first economic
production began near Zistersdorf from the Gésting 2 well
(1934). This field was found by surface mapping done by
the Austrian oil pioneer FRIEDL. A large number of fields
were discovered between 1938 and 1949, mostly along the
“Steinberg fault” (FRIEDL, 1937). In 1949, Matzen, the largest
oil field in Central Europe, was discovered. The Matzen field
was found by shallow drilling, which provided data for map-
ping an Upper Pannonian horizon near the surface. The size
of the field is approximately 10x7 km. A large number of
Miocene horizons are cil and gas bearing, the most produc-
tive being the 16" TH (16".TH = 16. Badenian horizon), the
8" TH and 9" TH Badenian horizons (KREUTZER, 1993a).
Later, more fields, including the Zwerndorf and Fischamend
gas fields and the Aderklaa, Pirawarth and Hochleiten oil
fields were discovered. Recent exploration has concentrat-
ed on the peripheral areas of large oil and gasfields (Matzen
NW to E; Ebenthal), targeting both structural and strati-
graphic traps. Further, the Matzen field itself is a target for
enhanced recovery through the application of 3D seismic
and sequence stratigraphy. The Rhenodanubian Flysch, a
unit of the Second Floor, was explored contemporaneously
with the First Floor; especially in the Steinberg area.

In 1959, a new phase of exploration began with the dis-
covery of gas in dolomites of the Northern Calcareous Al-
pine Zone of the Second Floor (KAPOUNEK et al., 1964,
KrOLL and WESSELY, 1973; HAMILTON et al., 1990; WESSELY,
1992, 1993).

Three main thrust units of the Calcareous Alps can be
followed below the Neogene basin fill from the western
border of the basin to the Carpathians. Each of these units
contains gas and oil in fractured Upper Triassic Hauptdolo-
mit or Dachstein Limestone, sealed by either Miocene marls
(such as the Aderklaa Tief, Schonkirchen Tief, Prottes Tief
and Baumgarten fields) or by internal cap rocks (such as
Schénkirchen-Génserndorf Ubertief). The first, called relief
deposits (buried hills), produce from depths up to 2,600 m,
while the latter, called internal deposits, were encountered
between 5,000 m and 6,350 m depth. They were a great
challenge for drilling (complicated structures) and produc-
tion technology (sour gas containing H-S).

Between 1977 and 1987, the main objective for explora-
tion was the autochthonous Third Floor of the Vienna Basin.
Exploration of this floor was based on high oil and gas
prices, which allowed the drilling of expensive wells to
depths of between 6,000 m and 8,553 m. Four wells pene-
trated the Neogene sediments and the Alpine-Carpathian
thrust sheets and reached the autochthonous cover of the
crystalline basement. The crystalline basement was
reached by one well (Aderklaa UT1). The Zistersdorf UT2A
well was the deepest exploration well for hydrocarbons out-
side the USA. Within two years a final depth of 8,553 m was
reached (WESSELY, 1990; MILAN and SAUER, 1996).

The resulting geological information provided important
knowledge about the structure of the Vienna Basin and its
basment units. The autochthonous reservoirs, known from
the foreland, could be proved in the deep parts of the basin.
Malmian marls provide a large source rock potential. The oil
and gas shows while drilling demonstrate a supply of free
hydrocarbons, which may be the objective for future explo-
ration. Unfortunately today’s low oil prices do not allow for
further Third Floor exploration activities.

The late 1950’s and 1960’s focused on another new area
for exploration, the Molasse Zone (Fig. 6). Oil and gas were
discovered in Eocene and Upper Cretaceous sandstones,
as well as in Oligocene and Miocene clastics in the Molasse
Zone of Upper Austria (WAGNER, 1996; WAGNER and WESSE-
Ly, 1997). Exploration has been based on a tight net of 2D
seismic. Gas was also found in the Miocene Molasse of
Lower Austria and later in Malmian carbonates (1972,
Roseldorf field) (Brix et. al., 1977). Recently, exploration
successfully targeted the imbrication zone in front of the
Alpine Flysch Zone where mostly overpressured Paleogene
sandstones yield hydrocarbons.

Although exploration in the Northern Alps started at the
end of the 1950's, it took twenty years to develop and
properly manage seismic acquisition and exploratory drill-
ing in this highly complicated and expensive region. The
justification for Alpine exploration was based on the positive
exploration results from the autochthonous Mesozoic and
the Upper Triassic Hauptdolomit in the Vienna Basin and the
Tertiary of the Molasse Zone in Upper Austria.

To date 32 wildcats have been drilled within the Austrian
Calcareous Alps and the Flysch Zone, covering a 740x55 km
area. 24 wells were located in the Flysch Zone and eight
wells in the Northern Calcareous Alps. One well investigat-
ed Helvetic Jurassic sequences. In 1982, an economic gas-
condensate field was found in the Héflein area in a Middle
Jurassic sequence below the Rhenodanubian Flysch Zone.
An oil discovery was made in an autochthonous Cretaceous
sandstone below the Calcareous Alps, a gas discovery
within the folded Calcareous Alpine thrust sheets. Both dis-
coveries were not commercial. The depths of the Alpine
wells range from 1,300 m to 6,028 m.

Iintramontane Basins

The Vienna, Styrian and Pannonian basins have been the
focus of exploration for hydrocarbons in Austria. These ba-
sins were created by lateral movements and subsidence
during and after the Alpine orogeny. High volumes of sedi-
ments containing reservoir rocks and cap rocks, fault traps,
anticlines and stratigraphic elements, and source rocks with
adequate thermal history have been the trigger for contin-
ued interest of the oil and gas industry. Exploration activities
in the Styrian Basin and the Austrian part of the Pannonian
Basin have not yielded positive results. The Miocene and
Pliocene geodynamics of these intramontane basins do not
provide viable source rocks. The Vienna Basin on the other
hand, underlain by allochtonous and subthrust floors, with
excellent reservoir and source rocks, offers all the neces-
sary ingredients for successful oil and gas exploration and
production. It is by far the largest and deepest of these
intramontane basins.

Vienna Basin

Development and Main Structures

The development of the Vienna Basin has been the sub-
ject of many studies and publications (i.e. JANOSCHEK,
1951; KROLL, 1980). Modern data acquired by deep drilling,
recent seismic surveys and surface investigations resulted
in updated interpretations concerning sedimentation and
geodynamics (JRICEK and TOMEK, 1981; ROYDEN, 1985;
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WESSELY, 1988; JIRICEK and SEIFERT, 1990, SAUER et al.,
1992, SCHOPPER, 1992: KREUTZER, 1992, 1993b; FODOR,
1995; LANKREIJER et al., 1995; DECKER and PERESSON, 1996;
SEIFERT, 1996; LANKREIJER, 1998).

A “Proto-Vienna Basin” developed during an early phase
of pull-apart activity in Eggenburgian to Karpatian time and
was followed by a “Neo-Vienna Basin” from Badenian 1o
Pliocene time. The Proto-Vienna Basin subsided along syn-
sedimentary faults with important strike-slip components
pointing to an early pull-apart effect. Its fill consists of
Parautochthonous Molasse (STEININGER et al., 1986). The
proto-basin was restricted to the northern part of the
present basin with marine sediments. The southern part of
the basin is characteristic of lacustrine sediments in Late
Karpatian time. Alpine thrusting caused a piggy-back trans-
portation of this older basin toward the NE during this time.
The direction of thrusting was influenced by the deeper
autochthonous basement: the south-western flank of the
spur of the Bohemian Massif retarded the progress of thrust
sheets and caused their counter-clockwise rotation.

An important inversion followed after the Proto-Vienna
Basin phase, large amountis of sediments were eroded and
Badenian sediments transgressed unconformably on vari-
ous layers of Lower Miocene and Rhencdanubian Flysch in
the northern Matzen area.

The Neo-Vienna Basin subsided within an almost stabi-
lised stack of Alpine thrust sheets. It got the todays shape
and developed deep depocenters. The central part of the
Vienna Basin is defined by several high zones. These highs
have been exiremely important for oil and gas exploration.
Most faults are synsedimentary normal faults with a sinistral
component. Their en-echelon arrangement, the depocent-
ers and an obvious rhombic shape of the basin point to pull
apart effects (ROYDEN, 1985) during the basin development.
The main faults appear to originate from the base of Alpine
units, but could be further controlled by the tectonic behav-
iour of the basement (WESSELY, 1988; LANKREIJER, 1998).

The structure of the Vienna Basin is a result of tectonic
movements since 22.5 Ma years. The older tectonic ele-
ments are preserved in deeper positions of the basin, the
younger higher up to the surface, but interfering also with
the deeper tectonic elements of the basin, hence the tec-
tonics get more complex downwards to the basin bottom.

Lower Miocene synsedimentary faults have been proven
in the Mistelbach area by drilling (LADWEIN et al., 1991) and
in the Rabensburg area by seismic (KOVES in KREUTZER,
1993a). More examples of older faults or depressions
sealed by later events must be assumed in other areas of
the basin.

The main features of the basin in the Austrian part are the
marginal blocks along the western border, the most extend-
ed ones are the Mistelbach and Madling blocks (Fig. 7). The
Mistelbach block is bound to the west by the ESE dipping
Schrattenberg and Bisamberg faults and to the east by the
ESE dipping Steinberg fault system with its displacement of
about 6,000 m. The Médling block is bound to the west by
minor faults (Baden fault, Sollenau fault etc.) and to the east
by the Leopoldsdorf fault system, with its displacement of
about 4,000 m. Along the Steinberg and Leopoldsdorf faults

Fig. 6
Oil and gas fields in the Molasse Zone of Upper Austria.

the deep depressions of Zistersdorf and Schwechat on the
down-thrown blocks are contrasted by the extreme eleva-
tions of the Steinberg high and the Oberlaa-Laxenburg high
on the upthrown biocks. The depocenters were subsiding
mostly between Badenian till Late Pannonian time, the
Schwechat depocenter already in Late Karpatian time. The
displacement of the Steinberg fault dies out rapidly to the
NE and SW. Towards the SW, a replacement of subsidence
by smaller right stepping en echelon faults took place. The
amount of the strike-slip component along the Steinberg
fault is difficult to calculate, along the Leopoldsdorf fault
system no remarkable strike-slip occurred, as drilling re-
sults proved.

A series of median high zones extends from the Rabens-
burg-Eichhorn ridge to the Matzen and Aderklaa high
zones. The western limitation of the Matzen and Aderklaa
high zones is the Bockfliess-Aderklaa synsedimentay en
echelon fault system dipping toward West. Southeast of the
median highzones the SE to ESE dipping noticeably curved
Markgrafneusied! fault delimits the Marchfeld depression
towards the NW.

Along the eastern flank of the Vienna Basin a system of
grabens as the Wiener Neustadt basin, the Mitterndorf
graben, the Lassee-Zahor Plavecky graben are connected
to a young SW-NE striking sinistral strike-slip fault cutting
through the basin and continuing into the Mur-Mirz fault
system, which crosses the Central Alpine units. It is active
up to recent time and accompanied by more intense seis-
micity (GUTDEUTSCH and ARIC, 1988). Sedimentation lasted
up to Pliocene and Quaternary times with thick coarse clas-
tics. Small young subsidiary puil apart basins have been
developed along this structure. At the NW striking border-
zone of the graben system highzones as the Enzersdorf and
Zwerndorf uplifts are developed. Its south-eastern border
forms the NW dipping Pottendorf and Kopfstetten/Engelhart-
stetten faults with vertical displacements up to 1000 m,
including strike-slip components of displacements of uncer-
tain amount. These faults accompany the south-eastern
marginal blocks as the Leithagebirge block, the Deutsch
Altenburg spur and the Male Karpaty blocks.

Miocene Basin Fill (First Floor)

Classical paleontological and stratigraphic studies on
surface and more than 70 years of exploration for hydrocar-
bons provided information about the stratigraphic, sedi-
mentological and structural subdivision of the basin. Com-
pilations of literature were given by SAUER et al. (1992) and
Brix and ScHuLTz (1993). Most recent studies and over-
views have been given by SEIFERT (1996) and WEISSENBACK
(1995, 1996).

Sedimentation (Fig. 8) starts in the northern part of the
basin in Eggenburgian time with Molasse-type sediments
(parautochthonous Molasse according to STEININGER et al.,
1986). The Lucice Formation contains marine to restricted
marine sediments (sandstones, some conglomerates and
marls) of Eggenburgian and Ottnangian time. Thickness
reaches more than 1,000 m: oil has been found in these
sandstones. The Lower Miocene sedimentation continued
with about 500 m thick marine Karpatian marls and sand-
stones of the Laa Formation. Towards the south, the
Matzen-Spannberg ridge is an area of erosion. South of this
ridge the base of the Neogene is formed by remnants of
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Main structural elements of the Vienna Basin.
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littoral Eggenburgian and about 500 m thick sandstones
and marls of the Bockfliess Formation, recently interpreted
as Karpatian (personal information by FUCHS, OMV), similar
to the main basin fill of the Korneuburg basin. Along the
Matzen ridge oil production has been achieved from sand-
stones of the BockflieB Formation. The Ganserndorf Forma-
tion was deposited on top of the BockflieR Formation, sepa-
rated by an unconformity (HLADECEK, 1965). Basal fluvial
conglomerates (Ganserndorf Conglomerates) were fol-
lowed by lacustrine-terrestrial, partly variegated marls and
sandstones, occasionally containing hydrocarbons in low
porosity sandstones. In Aderklaa this formation rests direct-
ly upon the basin bottom. This sequence continues with
gray marls and sandstones of the Aderklaa Formation with
specific lacustrine ostracods and reaches a thickness of
more than 1,000 m (JIRICEK and SEIFERT, 1990). The Ader-
klaa Formation extends far into the southern Vienna Basin
and becomes thickest in the developing depocenters, At
the same time the sand/shale ratio diminished (WEISSEN-
BACK, 1996). Gas has been found in Aderklaa. The hy-
drocarbons of the Matzen-Schénkirchen area migrated into
hotizons unconformably covering the Aderklaa Formation.

The pre-Badenian inversion caused erosion of the Bock-
flieB-Ganserndorf and Aderklaa Formations along the Mat-
zen-Spannberg ridge up to an amount of more than 300 m
(WEISSENBACK, 1995). A new phase of sedimentation in the
Vienna Basin started with the transgression of the Badeni-
an. North of the Matzen-Spannberg ridge basal sandstones
were deposited and south of it the Aderklaa Conglomerate.
The crest of the ridge was reached by a transgression at the
time of the Spiroplectammina zone. The base of the pre-
dominantely fluvial Aderklaa Conglomerate forms a se-
quence boundary (according to WEISSENBACK, 1996). The
subsidence is reflected by the thickness of the conglomer-
ate: some tens of meters on the up-thrown block of the
synsedimentary Leopoldsdorf fault in contrast with 320 m in
the Schwechat depression on the down-thrown block. After
the deposition of the Aderklaa Conglomerate there followed
generally marine conditions, although in the Schonkirchen-
Auersthal area lacustrine deposition occurred, partly in
connection with conglomeratic layers (Auersthal Forma-
tion).

During Badenian time, the main phase of sedimentation
in the Vienna Basin, a rich facies diversity developed (SEl-
FERT, 1996). At shallow positions at the paleo-coast lines
and within the basin (for example in the Steinberg and
Matzen areas) carbonates with abundant lithothamnians
were formed beside shallow marine sands. Marls, rich in
marine fauna and flora (molluscs, foraminifers, ostracods,
nannofossils) were deposited in the central basin. A strati-
graphic subdivision by foraminiferal assemblages was es-
tablished by GRILL (1941, 1943) (Fig. 8) for this part of the
basin. Later planctonic (Globigerina, Orbulina) and ben-
thonic (Uvigerina) foraminifera were also used for age deter-
mination (PAPP and TURNOVSKY, 1953). The environmental
influence caused a strong impact on the faunal composition
(Rupp, 1986). In littoral and terrestrial zones many faunal
elements are missing or replaced by coastal shallow water
organisms known as “mono”-fauna assemblages (i.e. Am-
monia, especially in the Rotalia Zone). River deltas brought
sediments mainly from the west forming shallow marine
sands at the delta fronts pinching out towards the centre of
the basin. The sand/shale ratios reveal the terrestrial influ-

ence at different stages in different areas. East of Vienna for
example this ratio is zero or low in the Lower Lagenid and
Spiroplectammina Zone (WEISSENBACK, 1996). The value
rises in the Upper Lagenid Zone because of interfingering
sand layers. Some of these are productive in the Aderklaa
area.

After deposition of the Aderklaa Conglomerate, which has
its northern limit at the SE-flank of the Matzen high zone, a
diachronous transgression first deposited the afore-men-
tioned marine to lacustrine transition beds and then the
“Matzen Sand” (16" TH) reaching the age of the Spiroplec-
tammina Zone. During the Bulimina-Rotalia Zone, sand,
sourced by distributary channel systems from the west,
formed lobes with varying thickness and prograded toward
the basin (KREUTZER, 1993b). The Matzen lobe system con-
tains 16 main sand horizons, most of them oil bearing. The
most prolific horizons are the 16" TH, 9" TH and 8" TH. To
the west, the Pirawarth oil field shows a very high sand/marl
ratio from the Lagenid Zone up to the Bulimina-Rotalia Zone.
This is also reflected by a poor microfauna.

North of the Matzen-Spannberg ridge several sand lobes
extend far to the east and southeast (SEIFERT, 1996). One of
them forms the thick Zwerndorf Sand, including the
Spiroplectammina and Upper Lagenid Zones and, underlain
by some meters of Orbulina Marls only, resting on top of the
Aderklaa Conglomerate. The Zwerndorf Sand contains the
large, already depleted gas field Zwerndorf.

The Zistersdorf-Ringelsdorf-Rabensburg area is charac-
terised by large sand input in the upper sections of the
Badenian (MUhlberg oil field). The Lower Badenian section
is predominantely marly.

The Lowest Sarmatian, with mostly “mono”-fauna assem-
blages (Ammonia and Cibides), is developed above the
sand dominated Upper Badenian. Then follows a series of
marls and sand horizons with rare conglomeratic intercala-
tions. The microstratigraphic subdivision (GRILL, 1941,
1943) of the marly facies is valid over the entire basin and
reflects a salinity decrease. In coastal regions oolites, algal
limestones and coquinas formed. Thickness varies from
200-400 m on up-thrown blocks to 1,000 m in depressions.
The Matzen field shows 10 horizons, most of which are gas-
bearing. Gas is also entrapped in Sarmatian sands in the
southern and northemn Vienna Basin. ‘Along the Steinberg
fault some oil fields are productive in Sarmatian sands (for
example Gosting and Gaiselberg).

A slight decrease of resistivity within marls marks the
boundary to the Pannonian on electric logs. The clastic-
pelitic sedimentation continued, but the salinity changed to
brackish with ostracods and molluscs enabling a biostratifi-
cation (zones A-H). A river transported gravel across the
Mistelbach block toward the basin centre, forming sand
channels and fans (SEIFERT, 1996). Some of the channels
incised into the Sarmatian marls. Up-thrown blocks are
characterised by sediment starving and minimal thickness,
whereas structural lows show considerable thickness of the
Pannonian. Correlations and sand thickness relationships
have been documented by KREUTZER, 1990. Five Lower
Pannonian and four Middle Pannonian, partly gas-bearing
sand horizons are developed in the Matzen field. Pannonian
sands also contain gas along the Steinberg fault and in the
southern Vienna Basin. In the Upper Pannonian fluvial and
lacustrine freshwater sediments were deposited with large
amounts of sand, gravel and variegated marls. Pliocene



and Pleistocene gravel is preserved only in young depres-
sions and form terraces of the Danube river. In cold phases
of the Pleistocene the aeoclean Loss was accumulated.

Pre-Neogene Alpine-Carpathian Thrust Sheets
(Second Floor)

The Alpine-Carpathian thrust belt crosses the basin be-
low the Neogene fill of the Vienna Basin (Fig. 9). Some of
the thrusted units, such as the Flysch Zone and the North-
ern Calcareous Alpine Zone, contain oil and gas fields
(KROLL et al., 1993; WESSELY, 1993).

The Flysch Zone reservoirs are restricted to Paleogene
sandstones of the Steinberg area, which exhibit good pro-
duction when fractured. Enhanced production can be
achieved by drilling horizontal wells and perpendicular to
the open fractures.

The fractured Upper Triassic dolomites of the Northern
Calcareous Alpine Zone are prolific reservoirs mainly in the
high zones of Aderklaa, Schdnkirchen/Matzen/Prottes and
Baumgarten/Zwerndorf. The dolomite is regionally devel-
oped and has been documented in the lowermost thrust
sheet (Frankenfels/Lunz Nappe), in the Goller Nappe and
within the uppermost Calcareous Alpine units.

The Calcareous Alpine stratigraphy ranges from Permian
to the Paleocene (Fig. 10). The Permian and Lower Triassic
is composed of continental siliciclastic and evaporitic facies
(Werfen Formation). This is followed by carbonates in the
Middle and Upper Triassic, and by the partly continental
Lunz Formation at the base of the Upper Triassic. In
Jurassic and Early Cretaceous time, sedimentation splits
into various carbonate and carbonate-pelitic facies belts
developed mostly along structural strike. The Late Creta-
ceous is characterised by mainly marine clastic facies (syn-
and post-orogenic sediments), which gradually changes
into a deep water turbiditic environment in the Upper Maas-
trichtian and Lower to Middle Paleocene (GieBhibl Group).
The main reservoirs are Upper and Middle Triassic dolo-
mites. Hydrocarbons have been found in the Hauptdolomit
of the Schdnkirchen and Aderklaa area and within dolomitic
layers of the Dachstein Formation in Baumgarten (Fig. 9).
Shales and tight sandstones of the Gosau- and GieBhdbl
Groups and possibly the Lunz and Werfen Formations are
the most important cap rocks.

Sour gas fields have been found in the lowermost units
(Frankenfels-Lunz nappe) (Fig. 10). They are trapped in
dolomites at the crests of steep anticlines. In Aderklaa,
Hirschstetten and in Reyersdorf the seals are Neogene
marls, in Reyersdorf the eastern part of the seal is Upper
Cretaceous. At a depth of about 4,000-6,000 m the Schon-
kirchen Ubertief sour gas field is trapped in a steep anti-
cline. The net gas column is about 1,000 m thick. This is the
largest gas field in Austria. The anticline is affected by a
reverse fault, which subdivides the reservoir into the north-
em Schénkirchen Ubertief and the southern Ganserndorf
Ubertief production units. Sediments of the Gosau and the
GieBhib! Group of the GieBhibl monocline serve as cap
rocks. The base of this cap rock contains breccias and is
also gas saturated. The smaller Aderkiaa Tief field (Ad 81,
Ad 98) shows a similar structural style on the flank of the
Gosau/GieBhibl monocline, but at shallower depth (c.
3,000 m).

The lowermost thrust sheet system and its cover of Upper
Cretaceous-Paleogene sediments were overthrust by the

Goller Nappe. This thrust sheet has a backthrust frontal
portion defined by a syncline with Hauptdolomit in its core,
which contains the Schonkirchen Tief and Prottes Tief oil
and gas fields. These are buried hill structures sealed by
Neogene marls. On the flanks of these buried hills, fans of
dolomite debris also contain produceable oil. The western-
most and deepest of these fields contains gas, the middle
area (Schonkirchen Tief field) oil and gas, and the highest
and easternmost (Prottes Tief field) almost only oil. This is a
vivid example of the “Gusow rule” showing differential mi-
gration. A small oil field has been found recently by 3D
seismic south of the Prottes main structure. The top of the
southern part of the Goller Nappe consists of a 2,000 m
thick sequence of mainly lacustrine Upper Cretaceous Go-
sau Formation which serves as a cap rock.

Sour gas has been found in the vertical-dipping
Dachstein Formation of an Upper Calcareous Alpine unit
within the high zone of Zwerndorf-Baumgarten. The gas
seems to be concentrated in dolomitic laminae layers
(Member B of the Lofer cyclothems according to FISCHER,
1964).

In spite of very deep drilling reaching depths of 6,009 to
6,346 m (Schonkirchen T 32 and Ganserndorf UT 1, both
successful gas wells) no well has yet penetrated the entire
Northern Calcareous Alpine section to explore deeper units.

Subthrust Autochthonous Mesozoic (Third Floor)

The pre-requisites for exploration of this subthrust floor
were: 1) the assumption of an autochthonous sedimentary
cover resting on the Bohemian crystalline massif below the
Alpine thrust sheets. Deltaic Dogger clastics and Malmian
carbonates show reservoir potential and Malmian marls
serve as source rocks (LADWEIN, 1988). The Jurassic and
Cretaceous sequence below the Tertiary Molasse sedi-
ments has been documented by many foreland wells; 2) the
theory of deeply buried basement highs with associated
anticlines. This could be supported by gravity and fragmen-
tary seismic; and 3) the occurrence of oil and gas fields in
the shallower parts of these anticlinal features.

The first ultra-deep well was drilled in the region of the
Steinberg high near Zistersdorf (Fig. 11, location see
Fig. 17). A shallow anticlinal structure coupled with support-
ing seismic interpretation and a geologic model for the
Authochtonous were the trigger for the well Zistersdorf UT1.
It penetrated the Neogene, the Steinberg fault at a depth of
4,855 m, the Waschberg Zone, autochthonous Molasse
and suffered a gas kick at a depth of 7,544 m in breccias on
top of a Malmian limestone. About 1.3 MMm?®/d of overpres-
sured gas flowed over a period of several days. The well
collapsed and a replacement well (Zistersdorf UT2A) was
drilled. This well penetrated the Malmian limestone and
encountered more than 900 m Malmian marls down to the
final depth of 8,553 m. The gas zone of the first well could
not be found again, though only 260 m away. The well was
plugged and abandoned. One important result is the high
matrix porosity of the Malmian marls (up to 7%) caused by
overpressure, due to late gas generation within this very
thick Malmian source rock (MILAN and SAUER, 1996).

The well Maustrenk UT1a (6,563 m), situated west of
Zistersdorf (Fig. 17) on the Steinberg high zone penetrated
Neogene, four thrust sheets of the Rhenodanubian Flysch
Zone, external Carpathian nappes (Waschberg Zone), allo-
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chthonous Molasse and encountered a
limited oil reservoir in a carbonatic
thrust sheet on top of the autoch-
thonous Mesozoic. )

Only the well Aderklaa UT1a (loca-
tion see Fig. 17), drilled through the
autochthonous Mesozoic to a final
depth of 6,630 m, reached the crystal-
line basement. Unfortunately the Mid-
dle Jurassic delta sediments and car-
bonatic sandstones with cherts were
missing, probably due to condensed
sedimentation on the basement high.

Types of Oil and Gas
Accumulations

The Vienna Basin is known for its
structural complexity and its small-
scale depositional settings. These
facts explain the rich diversity of trap
types in this basin. The Matzen field
with its more than 400 production units
is a vivid example of the complex com-
bination of structural, stratigraphic and
combined traps. Especially the strati-
graphic and the combined traps are
not yet well understood in the Matzen
field. Studies are on the way to shed
light on these questions. The aim ulti-
mately is to enhance recovery from this
field by better understanding the trap
configuration and the depositional en-
vironment of the reservoirs and sealing
rocks.

Two main types of structural traps
can be observed in the Vienna Basin:
the anticlinal structure and the fauli-re-
lated trap. Each can be subdivided into
a variety of sub-types. The anticlinal,
four-way dip closures are related to
compressive events during Late Mi-
ocene time (Ollersdorf area) and to
paleo-highs with reservoir rocks drap-
ing over these paleo-high cores (i.e.
Matzen structure)

The second important structural trap
type is related to faults. One of the
main structural elements of the Vienna
Basin is the Steinberg fault system,
which runs from the Vienna area to the
NNE, crossing borders to the Czech
Republic. A maximum throw of almost
5,000 m has been proved. The majority
of the basin's oil fields are located
along this fault trend, showing not only
the working migration pathways along
this major fault, but also its importance
for entrapment of hydrocarbons These
trap types are documented by KREUT-
ZER (1993a). Experience has shown the
sealing integrity of most faults in the
Vienna Basin is intact. Even sand-to-
sand contacts between hanging wall
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observed at the Muhlberg field. This structure is a classic
roll-over into the Steinberg fault and was found by surface
mapping in the 1940's.

The idea of stratigraphic traps in the Vienna Basin has
long been neglected, although some old fields (i.e.
Ebenthal) clearly do not show any obvious structural com-
ponents. Increasing seismic accuracy (3D) and the use of
sequence stratigraphic principles led to new results, em-
phasising the importance of stratigraphic traps in the Vien-
na Basin. One of the most interesting play types is the
combination of tilted surfaces and meandering delta plain
channels (Fig. 12). The sand filled channels, sealed by
surrounding shaly overbank deposits are the main ingredi-
ents for some gas fields (i.e. Spannberg Sud) in the upper
Middle Miocene (Sarmatian). A second important type of
stratigraphic entrapment is the regional pinch-out of clastic
shelf deposits into a shale dominated basin (Fig. 12) in
lower Middle Miocene times (Badenian). These sand pinch-
outs are tilted up-dip against the Matzen high. They form
important traps (i.e. Ebenthal field, Durnkrut area). Substan-
tial work has been done in the recent past to unfold the
potential of these stratigraphic traps. The parts north of
Matzen towards the Czech border have not been investigat-
ed seriously yet (no 3D). The potential for stratigraphic traps
in this area is high, given the known regional geological
setting.

A further type of trap is the buried hill type structure. It is
very common at the base of the Miocene sediments (First
Floor). This base represents a massive erosional event dur-
ing Eocene, Oligocene and Early Miocene times. This con-
stitutes the stratigraphic component of the trap. The North-
ern Calcareous Alps of the Second Floor were eroded.
Brittle dolomites and limestones (i.e. Hauptdolomit,
Dachstein Limestone) resisted erosion better than softer
shales and sandstones (i.e. Gosau Beds, Werfen Beds) and
formed a pronounced relief. This relief was sealed by shales
and marls in late Early Miocene (Ottnangian, Karpatian) and
left behind fractured dolomites and limestones as cores of
four-way dip structures (buried hills). Miocene sediments
were draped over these structures and form the structural
component of the trap. Some of the most prolific oil and gas
fields were found in this setting (i.e. Aderklaa Tief, Schon-
kirchen Tief).

The modern search for combined traps, which are struc-
tural fraps with stratigraphic components has just begun in
the Vienna Basin. The complex depositional settings (delta-
ic environment) of some Sarmatian horizons, coupled with
the tectonic evolution of the basin are the maost important
factors for this type of trap. It is likely that more of these
traps will be discovered in the basin as exploratory work
progresses.

Recent Exploration Results

The Vienna Basin has been actively explored for almost
70 years. Several thousand kilometres of 2D seismic have
been shot and more than 3000 wells drilled in the Vienna
Basin making it a mature hydrocarbon province. In 1993,
OMV-AG started to acquire 3D seismic; first over the prolific
Maizen field (Fig. 13), then in other parts of the basin. The
aim was to provide a better geological understanding of this
mature field (HAMILTON and JOHNSON, 1999} and to acceler-
ate and facilitate exploration for undiscovered oil and gas
reservoirs. Not only 3D seismic, but also the rigorous appli-

.cation of sequence stratigraphic concepts and a new ap-

proach to the tectonic history of the basin have been inte-
gral elements of this approach. To date approximately
650 km2 3D seismic have been shot. Until the end of 1998,
out of 29 exploration and appraisal wells drilled in the new
3D seismic areas, 21 wells have found commercial amounts
of oil and gas. Discoveries have been made in the Miocene
basin fill and in dolomites of the Second Floor (buried hills).
More exploration prospects await drilling in the years to
come.

Pannonian Basin

The westernmost part of the Pannonian Basin extends
from Hungary into the area of northern Burgenland (Fig. 7)
and, south of the Central Alpine Basement elevation of
Rechnitz (Fig. 14) (highly metamorphosed Penninic Meso-
zoic series), into southern Burgenland and Styria.

The western border of the Pannonian Basin in northern
Burgenland is the swell of Bruck and the Rust ridge, in
southern Burgenland and Styria the Std-Burgenland swell.

The basement of northern Burgenland (mainly “Seewin-
kel”) is composed of crystalline rocks of the Lower Austro-
Alpine Units. Predominantely anchimetamorphic Paleozoic
phyllites and carbonates form the basement in southern
Burgenland and Styria (KROLL et al., 1988).

The Pannonian Basin’s Lower and lower Middle Miocene
sediments are not as thick and complete as in the Styrian
and the Vienna Basin. They exist only as thin littoral rem-
nants in many areas of the Pannonian Basin, such as the
Leitha Limestone. The main subsidence started in Pannoni-
an time (upper Middle Miocene). At that time brackish, later
limnic and fluvial marls and sandstones, in some cases
gravel were deposited; considerably thickening towards the
east, respectively some sandstones pinching out westward
updip. Often Pannonian sediments rest directly upon crys-
talline basement.

The westernmost part of the Pannonian Basin is charac-
terised by an extended areal subsidence, especially in Pan-
nonian time. A gentle regional dip of the basement and the
basin fill into the basin without faulting characterises the
eastern edge of the basin. The maximum depth of the basin
is more than 2,000 m at the Austrian/Hungarian border. Gas
shows have been noticed in several wells. Devonian car-
bonates contain fresh water in shallow positions along the
Southern Burgenland swell.

Sixteen wells were drilled in the Pannonian Basin and its
border zones without economic success.

The Styrian Basin

The Styrian Basin is a sub-basin of the Pannonian Basin
(Fig. 14). They are separated in the subsurface by the
Burgenland swell (KOLLMANN, 1960, 1965, SACHSENHOFER et
al., 1996). The Styrian Basin is a Miocene extensional basin.
Approximately 30 wells have been drilled in the Styrian
Basin.

The basement is composed of high-grade metamorphic
crystalline and anchimetamorphic Paleozoic phyllites and
carbonates of the Austroalpine nappe complex.

The basin started in Early Miocene-Ottnangian time to
form with flood plain and swamp shale, sands, breccias
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The Styrian and western Pannonian Basins: geological map and cross-section.

with widespread coal rich and bituminous layers. The sea
ingressed in Karpatian time from the Pannonian Basin. The
centre of the basin was filled with turbiditic and massflow
conglomerates, shales and sandstones. Synchronously
with the subsidence and extension the andesitic volcanism
arose in the southern and central basin. An unconformity
separates the Karpatian and Badenian deposits. In Early
Badenian time the sea reached its largest extent and in the
centre of the basin were again deep marine turbiditic con-
glomerates, shales and sandstones sedimented. Along the
margins of the basin and on local highs at the slopes of
volcanic islands coral and red algae reefs evolved. The
volcanism continued in Lower Badenian, but the activity
shifted to the North, The Upper Badenian and Sarmatian is
characterised by the regression of the Pannonian sea. In
Sarmatian and Pannonian time the Styrian Basin became

separated from the Pannonian Basin. Basaltic volcanoes
erupted at the end of the Pliocene.

The Styrian Basin is subdivided into several separate sub-
basins. The fault pattern consists of a conjugate SW-NE-
and SE-NW-trending system.

No economic hydrocarbon accumulations have been
found in Styria. Minor amounts of gas have been produced
from a shallow reservoir in the Badenian limestones. Traces
of oil occurred in the hot water in geothermal wells from the
Paleozoic carbonates. Potential source rocks occur in Ot-
tnangian and Karpatian in outcrops and in wells. Basin
modelling studies predict oil and gas. All acreage for hydro-
carbon exploration was given up by the end of 1996. Some
of the wells found geothermally heated water now used in
spas and recreational facilities.



Oil and Gas in Austria

Molasse Zone
Tectonic Setting and Stratigraphic Record

The Molasse Zone is delineated to the north by the
outcropping basement of the Bohemian Massif and the
margin to the south is marked by the overriding Rheno-
danubian Flysch-Helvetic nappes of the Alpine-Car-
pathian thrust front (Fig. 15). Therefore, the Molasse
Zone represents the narrow remnant of the northernmost
portion of the undisturbed, imbricated and piggyback
transported Molasse sediments and its Mesozoic base-
ment. This pile of Mesozoic and Cenozoic sediments
plunges to the south below the Alpine thrust sheets.

The autochthonous Mesozoic succession overlies the
crystalline basement of the Bohemian Massif and locally
preserved Paleozoic siliciclastic deposits (NACHTMANN
and WAGNER, 1987; WAGNER, 1996, 1998). The erosive
remnants of the fluvial to shallow marine Lower and
Middle Jurassic sandstones and shales and the shallow
marine Middle and Upper Jurassic along both sides of
the uplifted spur of the Bohemian Massif. The karst sur-
face of the Jurassic carries a sequence of up to 1000 m
thick glauconitic sandstones and shales from Lower or
Middle Cretaceous to Upper Cretaceous age.

The oldest Tertiary sediments of the Molasse Zone are
the Late Eocene fluvial and shallow marine sandstones,
shales and carbonates. The sequence transgressed fur-
ther up on the metamorphic crystalline basement during
Oligocene and Miocene time. The several hundred me-
ters thick Oligocene and Miocene deep marine deposits
are derived from the Central Alps. The NW- and NE-
trending fault systems already existed in Paleozoic
times. The faults became reactivated in Early Jurassic,
Early Cretaceous and Early Tertiary. Through these peri-
ods of tectonic activity the crystalline basement and its
cover were pulled apart using the old fault planes. Dur-
ing the latest Eocene and earliest Oligocene a dense
network of W-E-trending antithetic and synthetic exten-
sional faults developed. During the Tertiary and Quarter-
nary the pre-Tertiary and Early Tertiary extensional fault
system became reactivaied by a dexiral and sinistral
transpression with shear, strike-slip and overthrust struc-
tures.

Oil and Gas Accumulations

The Early Oligocene shales and banded marls of the
Schoneck Fish-Shale and the Eggerding Formation are
the correlated source rocks for the oil and thermal gas in
Upper Austria. They were generated mainly beneath the
Alpine thrusts. The generation started in the Miocene
and may still be continuing.

The oil for the Molasse Zone in the east was derived
from the Upper Jurassic source rock in the area of the
Vienna Basin. Reservoirs are fluvial and shallow marine
sandstones and carbonates of Dogger, Cretaceous
(Cenomanian, Turonian and Campanian), Late Eocene
and Oligocene (Kiscellian and Egerian) age. The oil is
trapped in fault, stratigraphic, combined stratigraphic
and fault structures, anticlinal and imbrication structures.

Reservoirs for biogenic gas are Oligocene and Mi-
ocene turbiditic sandstones and sandy conglomerates
and shallow marine to brackish sands. The Middle to
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Cross-section through the western part of the Molasse Zone of Upper Austria.
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Late Oligocene Fish-Shales of the Ebelsberg Formation
could have supplied the organic matter for the bacterias.
The gas is trapped mainly in stratigraphic and compaction
structures or in a combination of both types and imbrication
structures. Strike-slip faulting influenced and delineated the
distribution of the reservoirs.

57 MMBBO of oil and 700 BCF of gas have been pro-
duced from the Molasse Basin until 1997. The drilling activ-
ity in this area triggered the utilisation of hot water for geo-
thermal energy. This water has been mostly found in Malmi-
an carbonates.

Exploration Activities

Approximately 900 deep wells have been drilled in the
Austrian Molasse Zone. The exploration activity in the Aus-
trian part of the Molasse Zone is restricted to the areas of
the autochthonous, and allochthonous Molasse with thick
Tertiary deposits in Upper Austria and Salzburg. In recent
years the shallow areas have been relinquished. The main
targets are the gas bearing reservoirs of Oligocene and
Early Miocene age at moderate depths between 800 and
3000 m. The main drilling activities take place close to the
older gas fields and along the thrust front in the area of the
imbricated Molasse.

Northern Alps

The targets of Alpine exploration are the Alpine nappe
complex and the subthrust autochthonous Mesozoic and
basal Tertiary Molasse (Figs. 16, 17, 18). Both systems have
distinct stratigraphic-structural properties (WESSELY and
ZIMMER, 1993).

The source rocks for Alpine plays are Early Oligocene
“Fischschiefer” Shale and shales of Kiscellian age (Molas-
se) in the west and Malmian marls (autochthonous Mesozo-
ic) in the east. Some formations of the Northern Calcareous
Alps could contribute hydrocarbons, if they had a suitable
thermal history.

Intrathrust Targets

Northern Calcareous Alps

The stratigraphic range and the facies position of reser-
voir rocks and sealing rocks are comparable to the sub-
Neogene floor (Second Floor) of the Vienna Basin (Fig. 10).
Fractured Hauptdolomit and Wetterstein Dolomite are
abundant reservoir rocks in the Northern Calcareous Alps.
Pelites and tight sandstones of the Cretaceous-Paleocene
Gosau Group, shales of the Lunz Formation and shales and
evaporites of the Werfen Formation serve as cap rocks.
Folds, imbricates and unconformities below the transgres-
sive Gosau Group are the most common trap types.

The well Molin 1 tested gas from a 300 m thick column at
a depth of more than 3,000 m in a fractured Middle Triassic
limestone. The well Urmannsau 1 had oil shows within the
Triassic to Neocomian sequences.

Rhenodanubian Flysch Zone

No oil or gas has been found to date within the Rheno-
danubian Flysch thrust sheets. Lack of traps and unfavour-

able reservoir properties are believed to be the main rea-
sons for this fact.

Helvetic Zone

Favourable reservoir conditions may exist in the Helvetic
Middle Jurassic clastics and Malmian to Cretaceous car-
bonates in western Austria. The well Hindelang 1 (MULLER et
al., 1992} in Germany (5,653 m) near the Austrian border
tested gas within Lower Cretaceous limestones of the Hel-
vetic nappe system ("Santis” nappe s.l.). No commercial
production was achieved, due to low permeability (BACH-
MANN and MULLER, 1981). Nevertheless, in Helvetic Jurassic
sediments in other German wells showed good porosities,
but were water saturated (MULLER, 1985). The well Vorarl-
berg-Au 1 (4,297 m) found tight Jurassic formations. The
Helvetic units become remarkably thick and can be found
throughout Vorarlberg. Various hydrocarbon shows have
been observed on the surface in Vorariberg (COLINS et al.,
1990).

Subthrust Targets

The basement below the Northern Alps dips gently south-
ward. Long distance northward thrusting of the Aipine allo-
chthonous units was proved by seismic and several wells
(i.e. Berndorf 1, Molin 1, Grinau 1). Three regional explora-
tion areas can be defined on the basis of different reservoir
and source rocks (Fig. 17).

1) The area of the spur of the Bohemian Massif, extending
far under the Alps. It is covered only by Molasse with basal
clastics of Qligocene age and some Eocene to the west.
Molasse marls are a likely source in this region. Onlapping
Mesozoic sediments onto the crystalline basement are ex-
pected toward the south and southeast.

2) The area east of the Bohemian spur: Transgressive
Dogger clastics and Malmian carbonates represent the res-
ervoir rocks. Malmian marls are believed to be the source
rocks. They reach a maximum thickness of ¢. 1,000 min the
Vienna Basin. The gas-condensate field Hoflein, at a depth
about 3,000 m, is located in this area. The main reservoir is
a sandstone cemented by dolomite, uppermost Dogger in
age containing abundant chert.

3) The area west of the Bohemian spur: Triassic (only in
the westernmost part) to Jurassic and Cretaceous clastics
and carbonates rest on a stable platform. This platform is
structured into swells with predominantely erosion and non-
deposition and sub-basins with sediments preserved from
erosion. The autochthonous sediments covering the crystal-
line basement can be imaged by seismic to the southern
border of the Northern Calcareous Alps. Overpressured
oil was discovered at the well Grunau 1 at a depth of c.
4,900 m within sandstones of the uppermost Lower Creta-
ceous (Fig. 19). The initial production was 117 tonnes per
day (824 barrels per day). Daily production dropped sharply
due to the compartmentalised nature of the reservoir. The
cumulative production was 3,466 tonnes (24,412 barrels). A
zone of thick Upper Cretaceous deltaic clastics along the
southwestern flank of the Bohemian spur could be an addi-
tional target.

The traps styles are basemeni elevations, faults, pinch
out positions and diagenetic limits. The source rocks are
Molasse marls and probably Jurassic shales to the south.
The Tannheim subthrust lead — the final target of the Hinde-
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lang 1 well, which stopped short because of
‘ pressure problems — represents a pronounced
ﬁ | basement high at a depth of about 6,500 m
; (MULLER and NIEBERDING, 1996). According to
seismic investigations the top of the autoch-
thonous Mesozoic is shallower in the eastern
part of the Northern Calcareous Alps (4,600-
6,000 m) and deeper in the western part, i.e.
Salzburg and Tyrol (6,000-7,000 m). In Vorarl-
berg the basement rises to the Rhine valley.

BRANDBERG

Exploration Outlook

Exploration density within the Northern Cal-
careous Alps is very low. Units there provide a
variety of reservoirs, but the sealing and trap-
ping conditions are rather poor. Drilling depths
range from 2,000-5,000 m. The subthrust units
generally show rather poor reservoirs, while the
sealing and trapping conditions are fair. Drilling
depths range from 4,600-7,000 m. While the
Flysch prospectivity is low, the Helvetic units
| have some remaining exploration potential. The
| allochthonous Molasse has proved to be a via-

ble exploration target.
‘ The difficult geology and topography of the

CALC. ALPS

GRUENAU 1

Alps requires the most sophisticated explora-

tion tools available and in-depth knowledge of

the Alpine surface and sub-surface geology.
| Drilling is costly and difficult, due to environ-
mental concerns, slow drilling and likely over-
pressures in many thrust and sub-thrust forma-
tions. Low oil prices make serious exploration
impossible in most of the Alpine areas de-
scribed. On the other hand, the Northern Cal-
careous Alps remain an exploration target for
the future. As soon as today’s economic frame-
work changes, many of the plays described
above will become interesting again for the ol
and gas industry.

GRUENAU

SCHARNITZER SPITZE
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