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Abstract

The reservoir properties of glauconitic sandstones of the Greifenstein Formation in the quarry
Strombauamt in Lower Austria were investigated to find analogues to deep-water sandstones
buried below the Neogene of the Vienna Basin. The upper Paleocene to lower Eocene
Greifenstein Formation is the uppermost unit of the Greifenstein nappe, belonging to the
Rhenodanubian Flysch Zone. Lithologically it contains glauconite rich, partly weathered
sandstones and conglomerates, as well as typical classical turbidites. Further, siltstones and

mudstones can be found.

Two sections were measured and logged in the quarry (eastern and southern quarry walls).
The succession consists of thick-bedded massive sandstones with few intercalated shale
layers. Few ripple layers and laminated beds were found. In the eastern, stratigraphically
younger part of the section the percentage of glauconite is much higher than in the southern
section. The southern section consists of conglomerates at the base, thick-bedded
sandstones with turbidites in the middle and thin-bedded sandstones on the top.

Geometries and sedimentary features of the massive and thick-bedded sandstones indicate
the presence of small (5-15 m wide) roughly east-west trending channels which show varying
degree ofconnecitivity.

The sandstones were classified after Folk (1968), all of them are glauconite rich quartz
arenites. The percentage of quartz (mono- and polycrystalline) in the samples ranges

between 55 and 75 %, glauconite ranges between 12 and 33 %.

The mineralogical composition of the individual samples was determined with an X-ray
diffractometer. The samples contain quartz, calcite, glauconite, orthoclase, and occasionally
ankerite. The calcite content evident in the x-ray patterns is based on the presence of fossils
and calcite cement in the sandstone samples.

With cathodoluminescence (CL) microscopy an orange-red luminescing cement could be

seen, it was identified as Fe-bearing calcite.

The porosities and permeabilites of the sandstone and conglomerate samples were
determined by two methods: the determination of the net density with a pycnometer and the
determination of the bulk density with immersion weighting. The results of 2 to 8 % porosity

of the majority of the sandstone samples indicate that these rocks do not posses good




reservoir properties. For determining the permeability a micropermeameter was used. The
results range generally between 4.5 and 6.5 mD.

The stage of maturation and the chemical composition of glauconite were determined with
electron microprobe (EMP). The glauconites in samples GR 78.5 and GRO 3 are well
developed and do not contain expandable clay minerals. Due to the low porosity and
permeability values of the sandstone samples it can be stated, that the reservoir properties of
sandstones of the exposed Greifenstein Formation are poor and that the reservoirs in the
subsurface of the Vienna basin must be fracture-related. Fracture porosity and permeability
will be evaluated in a next step. This project is part of a University cooperation project with

OMYV Exploration and Production GesmbH.




Zusammenfassung

Die Reservoireigenschaften des Glaukonitsandsteins der Greifenstein Formation im
Steinbruch Strombauamt (Niederdsterreich) wurden bestimmt, um diese mit analogen
Sedimenten im Untergrund des Wiener Beckens zu vergleichen. Bei der Greifenstein
Formation (Oberes Paleozan bis unteres Eozan) handelt es sich um die oberste Einheit der
Greifensteiner Decke, die ein Teil der Rhenodanubischen Flyschzone ist. Lithologisch
besteht diese aus Glaukonit-reichen Sandsteinen, die im Aufschluss stark verwittert sind,
Konglomeraten, und auch aus klassischen Turbiditen. Ebenfalls sind Siltsteine und

Tonsteine anzutreffen.

Im Steinbruch wurden zwei 2D Profile aufgenommen (einerseits die &stliche und
andererseits die sidliche Steinbruchwand). Diese bestehen hauptsachlich aus dick-bankigen
massiven  Sandsteinen mit eingelagerten Tonschichten. Gelegentlich konnten
Rippelschichtung und Laminationen angetroffen werden. Im 6stlichen, stratigraphisch
jungeren Teil des Aufschlusses, ist der Anteil an Glaukonit héher als in der stdlichen Einheit.
Das sudliche Profil besteht aus Konglomeraten an der Basis, dick-bankigen Sandsteinen mit
Turbiditen im Mittelteil, und dinn-schichtigen Sandsteinen am Top. Die massiven dick-
bankigen Sandsteinlagen zeigen ost-west streichende Rinnenstrukturen mit einer lateralen
Ausdehnung von 5-15 m. Nach der Klassifikation von Folk (1968) kdnnen die Sandsteine als
glaukonitfiihrende Quarzarenite eingestuft werden. Der Anteil an Quarz, sei es mono- bzw.

polykristallin, betréagt zwischen 55 und 75 % und der Anteil an Glaukonit 12 und 33 %.

Die mineralogische Zusammensetzung wurde mittels Rontgendiffraktometrie bestimmt. Die
Proben enthalten Quarz, Calcit, Glaukonit, Orthoklas und teilweise Ankerit. Die Anwesenheit
von Calcit ist auf den reichlichen Anteil an Fossilfragmenten und Kalzitzement innerhalb der
Proben zurlckzufihren. Mit Kathodenlumineszenz konnte, auf Grund der orangeroten
Lumineszenzfarben, Kalzitzement bestimmt werden.

Die Porositaten bzw. Permeabilitdten wurden mittels zwei verschiedener Methoden
bestimmt: Bestimmung der Reindichte durch die Hilfe eines Pyknometers und die
Bestimmung der Rohdichte durch die Tauchwéagung. Die Porositaten liegen zwischen 2 und
8 %, was darauf schlieBen lasst, dass es sich bei den Gesteinsproben um keine guten

Speichergesteine fur Erddl bzw. Erdgas handelt.




Fur die Bestimmung der Permeabilitat wurde ein Mikropermeameter benutzt. Die Ergebnisse
liegen zwischen 4.5 und 6.5 mD.

Mit Hilfe der Mikrosonde konnten genaue chemische Untersuchungen von Glaukoniten und
des Kalzitzements gemacht werden mit dem Ergebnis, dass es sich beim Glaukonit um
einen reifen Glaukonit handelt sowie, dass es sich beim Zement um einen eisenhaltigen
Kalzitzement handelt.

Aufgrund der niedrigen Porositats- und Permeabilitdtswerte der Sandsteinproben kann
gesagt werden, dass die Sandsteine der Greifenstein Formation schlechte
Reservoireigenschaften haben und dass es sich bei den Reservoirs im Untergrund des

Wiener Beckens um Kiluftspeicher handelt.

Diese Arbeit ist Teil eines Projektes zwischen der Universitat Wien und der OMV Exploration
und Produktion GesmbH.




1. Introduction

The present MSc thesis is part of a research project in cooperation with OMV Exploration
and Production GesmbH named “Flysch Vienna Basin — tectonics, stratigraphy, lithofacies,
reservoir properties and clay mineralogy of the Rhenodanubic Flysch units in the subcrop of

the Vienna Basin”.

The research project and the present study were initiated because of a renewed interest in
the Flysch units in the subsurface of the Vienna Basin as a target for oil and gas exploration.
Because of the limited availability of subsurface data, outcrop analogues are used to gain a

better understanding of the Flysch in the subsurface.

The present work focussed on the reservoir properties of the sandstones of the Greifenstein
Formation. To characterize reservoir properties, porosities and permeabilities were
measured. Controlling factors like the mineralogical and chemical composition of the

sandstones had to be established, too.

Samples were taken from the quarry Strombauamt, which is located between Héflein an der
Donau and Greifenstein (Lower Austria). Two sections were measured and sampled. This

was followed by laboratory work on these samples.




2. General Geology

2.1 Geology and Stratigraphy of the Flysch zone

The Greifenstein Formation is part of the Rhenodanubian Flysch zone which extends west-
east, from Vorarlberg to Vienna. In the region of Vienna the zone continues below the
Neogene of the Vienna Basin (Egger, 1992; Besada, 1996) (figure 1).

The Greifenstein Nappe is the northernmost and deepest of the three main tectonic units of
the Wienerwald flysches and is overlain by the Laab and Kahlenberg Nappe (Gétzinger, 1954;
Prey, 1962).

GEOLOGISCHE UBERSICHTSKARTE
DER REPUBLIK OSTERREICH

Wien 1999

Figure 1 Geology of Austria — In green the Rhenodanubian Flysch zone

(Geologische Bundesanstalt, 1996)

The depositional environments of the flysch range from submarine landslides to turbidity
currents (Kuenen and Migliorini, 1950). The flysch deposits are regarded as deep-sea sediments
of a submarine fan (delta-fan). These were sediments, which resedimented by tectonic
movements, earthquakes, hurricanes, but also volcanic activities (Dengler and Wilde, 1983).
Characteristic features are the formation and deposition of turbidites, which resulted in

complete or incomplete Bouma sequences.
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The Rhenodanubian Flysch zone comprises four tectonic units, which extend from north to
south (Faupl, 1996; Wessely, 2006) (figure 2):

- Northern Margin Zone

- Greifenstein Nappe

- Laab Nappe

- Kahlenberg Nappe
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Figure 2 The Flysch zone - The Wienerwald and northern Vienna Basin: Map of the distribution of tectonic

units and depth profiles (Wessely, 2006)

Figure 2 is modified after Prey (1980), Griin (1984), Rammel (1989) and Schnabel (1997).

The different tectonic units are shown in the stratigraphic chart (table 1).

The classification of the Rhenodanubian Flysch in single layer elements is always
controversial and not yet fully understood. In this study, however, the latest aspects of the

research are introduced (table 1).

The Wolfpassing Fomation belongs to the Northern Margin Zone. This is considered to be
the stratigraphic basin of the Greifenstein Nappe (Sauer et al., 1992) or a separate tectonic unit
(Faupl, 1996). Jager (1914) referred to it as Neokomflysch, which is constituted by thin-bedded

calcareous mud-turbidites.

11



The chronostratigraphic age of this unit ranges from the Barremian to the early Aptian/Albian
(Griin et al., 1972) and it has a thickness of 100 m. The Tristel Formation is located laterally to it

(table 1).

The Greifenstein Nappe includes several formations and members. The main
lithostratigraphic units are the R&thenbach Subgroup, the Perneck Formation, the

Altlengbach Formation and the Greifenstein Formation.

The Rehbreingraben Formation also refered to Gault-Flysch (Prey, 1950) consists of pelagic
shales and sandstones. The turbidites show a typical Bouma sequence, except for the
absence of the Ta sequence. The turbidites and mudstones suggest a deposition below the
CCD (calcite compensation depth) from a suboxic to anoxic environment (Wortmann et al., 2004).
The formation was deposited from middle Barremian to late Albian and has a thickness of

about 250 m (Wagreich, 2012 (OMV Report)).

The Ofterschwang Formation consists of calcareous and non-calcareous marlstones with a
large variety of silts. The origin of these calcareous turbidites is suggested to be below the
CCD. The unit has a chronostratigraphic age from late Albian to early Cenomanian and is
about 100 m thick. It is located laterally of the Untere Bunte Schiefer (wagreich, 2012 (OMV

Report)).

According to Egger and Schwerd (2008) the Unfere Bunte Schiefer is called “Lower
Varicoloured Marls”. Gray and red shales, and also marlstones alternate in this layer. The
occurring sandstones are again arranged in a Bouma sequence. The marlstone is regarded
to as hemipelagic sediment that was deposited below the CCD. The age ranges from late
Albian to early Cenomanian and comprises a thickness of several tens of meters (Wagreich,

2012 (OMV Report)).

The next formation on the stratigraphic chart is the Reiselsberg Formation (table 1). It is
mainly coarse-grained and consists very often of thick-bedded mica-rich sandstones.

The Reiselsberg Formation can be related to deep-sea fan environments (Mattern 2005).

The stratigraphic age range from Cenomanian to Coniacian in the Upper Cretaceous and the

thickness varies extremely.

The Seisenburg Formation, also referred to as Obere Bunte Schiefer after Prey 1952,

consists in the lower part of hemipelagic mudstones with some turbiditic layers.
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The top part consists of an alternation of thin layers of turbidites and hemipelagic mudstones.
The age extends from the middle Coniacian to early Campanian, and is about 50 m thick.

The Formation is followed laterally by the Réthenbach Subgroup (Wagreich, 2012 (OMV Report)).

Rothenbach Subgroup (“Zementmergelserie”) - The name Zementmergelserie was
characterized by Prey 1950 and Faupl 1996. The lithology consists of micritic limestones and
marls, which were formed by deep-water turbidites. The formation was deposited during the
Coniacian to the Campanian. It is several hundreds of meters thick. The Piesenkopf
Formation, Kalkgraben Formation and Hallritz Formation belong also to the Rdthenbach
Subgroup (Wagreich, 2012 (OMV Report)).

The Seisenburg Formation and the R&thenbach Subgroup overlap in time, but the
Réthenbach Subgroup occurs earlier. While in Germany this earlier occurring period is also

called Réthenbach Subgroup, in Austria the term Zementmergelserie was used (table 1).

The Perneck Formation consists of thin-bedded shales and siltstones. They are deep-water
turbidites and non-turbiditic hemipelagic mudstones. The stratigraphic age is late

Campanian. The Formation has a thickness of about 50 m (table 1).

The Perneck Formation is followed by the Alflengbach Formation which is also known as
Altlengbacher Schichten (Gotzinger and Becker, 1932). This unit is characterized by thick-bedded,
coarse to medium grained turbiditic sandstones. The formation extends from the upper
Cretaceous to early Paleocene (Egger, 1995). The thickness of this formation is estimated
about 2000 m (Wagreich, 2012 (OMV Report)).

Greifenstein Formation - This unit consists of thick-bedded, yellow, weathered, sandstones
and conglomerates, with a varying content of glauconite. Siltstones and mudstones can also
be found. The sandstones display classical turbidites. The deep-sea fan deposits indicate
deposits by sediment gravity flow. The thick-bedded sandstones and conglomerates show
channel filling. The Greifenstein Formation represents the highest unit of the Greifenstein
Nappe and has a thickness between 100 to 1000 m. This formation also includes the Gablitz

Member and the Irenental Member (Wagreich, 2012 (OMV Report)).

The Laab Nappe includes the Kaumberg Formation and Laab Formation (table 1).
The Kaumberg Formation consists of thin-bedded siltstones and mudstones and forms the

base of the Laab Nappe. It is not clear, whether it dates back to the Turonian or to the

13



Coniacian and ends in the Campanian or the Maastrichtian. Their thickness ranges within
several hundred meters (Wagreich, 2012 (OMV Report)). The intermediate layers between the

Kaumberg and Laab Formation could not be clarified sufficiently until now.

The lithology of the Laab Formation is constituted by thick, coarse-grained sandstone banks,
and is visible in the Hois Member. In the Agsbach Member mudstones, siltstones, and
sandstones, can be found. This formation extends from questionable Late Cretaceous to

early Paleogene (Ypresian) and is about 100 m thick (Wagreich, 2012 (OMV Report)).

The tectonic top constitutes the Kahlenberg nappe, which consist of the Hutteldorf
Formation, the Kahlenberg Formation, and the Sievering Formation (table 1).

In the Hiitteldorf Formation three lithofacies can be recognized (Wagreich, 2008): a thick-
bedded sandstone facies with amalgamation, a thin-bedded sandstone facies with lamination
and a pelitic facies, which is dominated by red carbonate-free claystones.

Deep-water turbidites and mass flow transport under the CCD are responsible for this
lithology. It has not yet been sufficiently clarified, whether the Huitteldorf Formation is the
base of the Kahlenberg Nappe or the underlying Gault-Flysch.

Chronostratigraphically we can locate the Hutteldorf Formation in the upper Cretaceous with

a layer thickness of several hundred meters (Wagreich, 2012 (OMV Report)).

The Kahlenberg Formation consists of calcareous marl and calcareous sandstone rocks.
This unit originates only from the period of the Campanian and has a thickness of about 600

m (Wagreich, 2012 (OMV Report)).

The last formation is the Sievering Formation. It forms the top of the Kahlenberg Nappe and
comprises thick- and thin-bedded siliciclastic sandstones in alternation with marl stones.
Some of the sandstone banks can have a thickness of about 14 m. The encountered
lithology was generated by the deposits of a deep-sea fan. This formation originates only in
the Masstrichtian and has a layer thickness of a few hundred meter (Wagreich, 2012 (OMV

Report)).

14



Table 1 Stratigraphic chart of the Flysch zone of the Wienerwald area (modified after Wagreich, 2012 and

Sauer et al., 1992)

Northern Margin Zone & Laab Nappe Kahlenberg
Greifenstein Nappe PP Nappe
Eocene
Greifenstein Formation
Paleogene (100 — 1000 m)
Paleocene
Laab Formation
Altlengbach Formation (about 1000 m) Sievering
Maastrichtian (abOUt 2000 m) Dark Sha-_|es and Formation
quartzites ?
Perneck Formation (about
50 m) hlenb
Campanian Réthenbach Subgroup IT:a ent_erg
(,Zementmergelserie*) borma ion
(about 200 — 500 m) Kaumberg (about 600 m)
Formation
. Seisenburg (several tens of
Upper Santonian Formation meters)
Cretaceous (about 50 m)
Coniacian
Hutteldorf
) Reiselsb E i Formation
Turonian eiseisberg Formation (several hundreds
of meters)
. Untere Bunte Schiefer
Cenomanian (10-50 m)/Ofterschwang
Formation
(about 100 m)
Albian Rehbreingraben Formation
(Gault-Flysch) Gault — Flysch ?
. (about 250 m)
Lower Aptian
Cretaceous Wolfpassing Formation
Barremian (about 100 m)
Hauterivian
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2.2 Sedimentology of the Flysch zone

The word “flysch” means soft flow and slide tendencies of shales and sandstones. Their
origin is in deposited sediments in deep water, fed by avalanche-like turbidity currents and
debris flows. These sediments were resedimented by tectonic movements, earthquakes,
hurricanes, but also volcanic activities (Dengler and Wilde, 1983).

The deposits develop with different transport mechanisms, such as gravity flow and
turbulent flow processes (rolling and sliding) (Besada, 1996). The sediments are first
collected in rivers and then transported to the deltas (Johnson et al., 2001).Typical areas of

deposition are continental margins and deep basins.

Turbidite layers are special characteristics of the Greifenstein Formation.
Turbiditic sediments are the most important and most common type of clastic sediments in
the deep water area (Besada, 1996). In this thesis special attention will be paid to the

classical turbidites, which can be described by the Bouma sequence.

The Bouma sequence (Figure 3) is an ideal case of a sedimentary sequence. The sections
are separated by single letters (Ta, Tb, Tc, Tef and Tep). These sequences show a
decrease in grain size, sedimentation rate, energy and speed of transport from bottom to
top (Bouma, 1962; Besada, 1996).

Grain Bouma (1962)

I Interpretation
Size Divisions P

Pelagic
sedimentation

Palite

J——
l"D-_|
=

3 ) fine grained, low
= Tur Massjn.r.eorgraded density turbidity
l €| Turbidite current deposition
4 Upper parallel laminae 7 7 7
== T Ripples, wavy or Lower part of
-.E Y ¢ | convoluted laminae Lower Flow Regime
b |7 [Plane parallel Upper Flow Regime
b | laminae Plane Bed
Massive {?) Upper Flow Regime
graded Rapid deposition

and Quick bed {7)

(te granule at base)
—

————Sand

Figure 3 Bouma-Sequenz

(http://www.sepmstrata.org/Deepwater/DeepWatClasticSediments.html)
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Description of the Bouma sequence (Bouma, 1962; Besada, 1996):

Section Ta consists of massive graded, weak stratified sandy sediments, which are
formed by rapid deposition from a suspension. This section forms the basis of this
sequence.

The following section Tb, is characterized by sandy, horizontal and parallel lamination.

In Section Tc asymmetric flow ripple can be found, but also convolute stratification in
sandy to silty sediments are important to mention. Sections Tb and Tc are developed by
slow processing and from continuously deposited sediments from the turbidity current.
Section Tef is formed by deposition out of the sediment cloud. In this section horizontally
laminated, pelitic materials are deposited. The section Tef should be considered as slow
accumulation of fine grain sizes from the tail of the turbidity current.

The last section, Tep consists of sediments from the suspension, pelagic material without
clearly recognizable sedimentary structures.

Section Tep constitutes the following hemipelagic sediments, which may also be regarded
as section F.

Often there is an absence of individual sections, with which the sequence is incomplete.

Furthermore, there are also turbiditic sequences that cannot be described by the Bouma
sequence. These are called non-classical turbidites and were specified by Mutti and Ricci
Lucchi (1975). These are deep-water coarse clastic sediments, which have passed through
gravitational sediment flows into the deep sea. They are characterized with four main
facies (A, B, E and F).

Facies A contains breccia and conglomerates, especially coarse-grained sandstones and
conglomerates. In this case the individual layers have a thickness of 15 m. In general,
they are thinnig out.

In the facies B mainly medium-grained to coarse-grained, ungraded sandstone banks are
deposited. They are better sorted than in facies A. Special features are a coarse
horizontal lamination and flat-angled cross-bedding. The layers can reach a thickness of 3
m. In facies E thin, ungraded, coarse- to medium-grained sandstones are deposited. They
show an irregular stratification in the outcrop and thinning out. As deposition mechanism a
highly concentrated gravity flow is considered.

Facies F consists of chaotic pebbly mudstones and of breccias. Their characteristics are
submarine slump deposits, sand flows and mud flows.

On top another facies can ocassionally be found: facies G. The facies contains marine,

hemipelagic and pelagic clays and marls. They are formed by “normal” sedimentation.
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2.3 Quarry Strombauamt
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from the quarry Strombauamt at
Greifenstein. These materials have been
used not only for the riverbank

construction, but also for various

buildings in Vienna. This quarry is
abandoned. Today it is used only as a
dump for construction waste.

The location of this quarry is between

Hoflein an der Donau and Greifenstein,

near Klosterneuburg (figure 4).

Coordinates: degree of latitude are Figure 4 Geological map of Hoflein an der Donau

48.35 and degree of longitude are 16.26 (http://geomap.geolba.ac.at/ GEO/GEO_main.cfm?Init=false)
(http://www.mapcoordinates.net). In this area two walls were exactly recorded in a profile. First,
1996 by Besada. He described in his master thesis the southern wall (profile figure 26). The
renewed eastern wall was recorded in 2011 and is described in this thesis. The profile of
Besada (1996) showed alternations of conglomerates, sandstones (fine, medium and
coarse grained, with or without grade or amalgamation) and clay clasts. In general it can
be said that the grain size diminishes to the top. At the base there are conglomerates;
fine-grained sandstones are found at the top.

Samples were taken from different layers (sandstones, conglomerate and clay samples).
The naming of the sample descriptions is based on the location (Greifenstein-GR) and the
hight of the rock samples (e.g. 44 m). For example, a sample taken from Greifenstein at
44 m, will be named GR 44. In addition samples of Besada were taken to complete the
south quarry wall. This contain the samples A3(2), A5(1), N4, H2, H6, H10, D3(5), D5aq,
D5c and X1.

In the eastern quarry wall there are mainly sandstones (fine-, medium- and coarse-
grained) interbedded with clay layers. The wall shows various deposits, channels and
fillings. Five sandstone samples were collected, GRO 1a, GRO 1b, GRO 3, GRO 3X and

GRO 4X. These samples are named Greifenstein East (GRO) and sample number.
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3. Materials and Methods

3.1 Materials:

As part of this project sandstone and conglomerate samples were collected from the

quarry Strombauamt. These were analyzed using the methods described below.

From the south wall 15 samples (four conglomerates and 11 sandstones) were taken.
Additionally 10 samples from the thesis of Besada were taken (table 2). In the east wall five
sandstone samples were collected. It was important to ensure that the samples had a

fresh surface and were not weathered.

Table 2 List of samples taken at the quarry Strombauamt (for

sample positions see profiles figure 23-26)

Sample [m] Lithology
Southwall A3(2) 5,5 Sandstone
A5(1) 9,5 Sandstone
N4 25,5 Conglomerate
H2 36,5 Sandstone
H6 38,5 Sandstone
H10 41 Sandstone
GR 44 44 Conglomerate
GR 46 46 Conglomerate
GR 51 51 Sandstone
GR 52 52 Sandstone
D3(5) 63,5 Sandstone
D5a 64,5 Sandstone
D5c 65,5 Sandstone
GR 66,7 66,7 Sandstone
GR 68 68 Sandstone
GR 69 69 Conglomerate
GR 71,5 71,5 Conglomerate
GR 73,5 73,5 Sandstone
GR 75,5 75,5 Sandstone
GR 78,5 78,5 Sandstone
GR 80,5 80,5 Sandstone
GR 83,5 83,5 Sandstone
GR 86 86 Sandstone
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GR 93 93 Sandstone

X1 110 Sandstone

Eastwall GRO 1a 2,5-3 Sandstone
GRO 1b 2,5-3 Sandstone

GRO 3 5,4-12,4 Sandstone

GRO 3X | 54-124 Sandstone

GRO4X | 54-124 Sandstone

3.2 Petrographic analysis:

This chapter describes various petrographic methods for the characterization of
sandstones. The analyses were carried out on thin sections and powdered samples. The
mineralogical composition was determined by thin section microscopy and x-ray diffraction
(XRD) analysis. Further, cathodoluminescence microscopy was applied to make lattice

defects, zoning and luminescence phenomena visible.

3.2.1 Point counting:

Samples were impregnated with blue resin before thin sectioning in order to indicate
porosity. Before point counting, half of each thin section was stained with
Kaliumhexacyanoferrat(lll) and Alizarin Red S. This method is used to differentiate calcite
from dolomite and their respective iron contents. In this case calcite is colored red to
purple and dolomite light to dark blue. After staining, the thin sections were inspected
under a microscope (Nikon Typ 104). With the help of a point counter (Prior James Swift
Model F) the samples were counted easily. The samples were placed in the apparatus
and moved along the microscopic lense in a pre-defined stage interval depending on
grain-size. In each sample a total of 400 grains was counted for modal sandstone
composition. Quartz (mono- and polycrystalline), glauconite, cement, feldspars
(plagioclase and orthoclase), mica (biotite and muscovite), rock fragments and fossil

fragments were counted separately.

3.2.2 Characterization of the sandstones:

The outcrop samples were analyzed macroscopically and microscopically. Sedimentary
structures, color, grain size and sorting were determined from the rock samples. The
samples are sandstones (fine, medium, or coarse-grained) and conglomerates. The
composition and porosity were determined under a transmitted-light microscope.

Photos of the thin sections were taken with a LEICA DM 4500P Microscope.
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3.2.3 Classification of the sandstones:

The sandstones were classified after Folk (1968). For this classification Folk used triplots
(figure 5); the three corners represent feldspar, quartz and rock fragments. The resulting
lithologies of these three corners are arkose, quarzarenit and litharenit. By plotting the

results the lithology of an individual sample can be determined.

#]
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not to scale g
/ a Se.5h
Sandstone-arenita,
< shalg-arenite
c h:lll_hlt
a Chl-rt arenite
£ 2
3 |5t
5_ 5
w
E 2 g Sadarnnh
11
Plagioclas
arenite % FiR ratio . Phyllarenite
\ MRF
Aﬂm‘lh ‘hl’ﬁh::anlc
arenie

Figure 5 Classification of sandstones after Folk (1968)

3.2.4 X-ray diffraction (XRD):

XRD (figure 7 and 8) is a method to determine the
mineral composition of rock samples. This requires
that the samples are powdered. Therefore, the
samples were ground with an agate mill. The powder
is pressed into a sample holder (figure 6) and then
measured with XRD. A Panalytical PW 3040/60
X'Pert PRO X-ray diffractometer (CuKa radiation, 40

kV, 40 mA, step scan, step size 0.02, 5s per step)

Figure 6 Pressed powder in sample holder

was used for the analyses.

The diffractograms were interpreted according to Moore and Reynolds (1997).
The main peak positions for the minerals are: quartz (26.6 °2Theta), plagioclase
(28 °2Theta), alkali feldspar (27.5 °2Theta), calcite (29.42 °2Theta) and dolomite
(30.99 °2Theta) (Tucker, 1988).
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Figure 7 X- ray diffractometer Figure 8 X- ray diffractometer (detail)

3.2.5 Cathodoluminescence (CL):

With this method the luminescence of the different minerals including the carbonate
cement was assessed. For this, polished thin-sections of 15 ym thickness were prepared.
The thin-sections were coated with carbon before analysis for better conductivity.

For the cathodoluminescence examination (figure 9), the model Lumic LM-HC5, at 0.3 mA
(milli Ampere) and 14 kV (kilo volts) was used (Marshall, 1988). The observation was carried
out under the polarization microscope in a vacuum chamber (figure 10). Here, the thin
section was clamped into a holder and then the vacuum was applied (1.0 x 10-4). After
that, an electron beam (hot cathode-ray) was directed at the sample causing
luminescence. Generally, quartz shows the color dark blue or dark brown, K- feldspar
light blue and carbonate cement orange (Marshall, 1988). Also zonation, lattice defects and
radiation defects can be examined with this method. Out of 20 thin sections two
sandstone samples GR 78.5 and GRO3 were selected for analysis. These two
sandstones samples were selected, because of their particular characteristics. They
contain a lot of glauconite,coarse quartz grains, calcite cement and occasionally fossil

fragments.
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Figure 9 Cathodoluminescence

Figure 10 Sample in vacuum chamber
(open)
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3.2.6 Electron microprobe (EMP):

With this method the chemical composition of cement and glauconite was assessed. A
CAMECA SX100 electron microprobe at the University of Vienna was used for the
analyses. Thin sections with a thickness of 55 ym were produced and coated with carbon
to avoid charging and to achieve conductivity. The thin sections were clamped on the
sample stage with standards in the middle (figure 11) and analyzed with an electron beam
(15 kV and 20 nA) in a vacuum chamber (figure 12).

Two samples were selected for this method; GR 78.5 and GRO3. From sample GR 78.5,
twenty-three points were measured and from the sample GRO 3 thirteen points. The
major elements (K, Na, Ca, Al, Fe, Mg, Si, Al) were analyzed in the centre and in the outer

rim of the glauconite grains.

|
|

Figure 11 Holder with the two samples: GRO3 on the left
side and GR 78.5 on the right side — in the middle are the

standards

Figure 12 Electron microprobe

The analysis gives the quantitative chemical composition of the glauconites. With these
the chemical-structural formula can be calculated with the Marshall method (Marshall, 1949).
On the base of 10 oxygens and 2 hydroxyl-groups, which give a total negative charge of

22, the formulae of 2:1-phyllosilicates were calculated (Késter, 1977).
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The tetrahedral, octahedral and interlayer charges were calculated and plotted in a
charge-distribution diagram with the end members muscovite, pyrophyllite and celadonite
(figure 13). With this method the stage of maturation of the glauconites and the composition

of single grains were determined.

Celadonite

= 12 Celadonite”
\ 16 Glauconite “
e 9 lllite
O%A - 21 Montmorillonite
%

33 Montmorillonite

©, N
Muscovite 150 2 4 6 8 160  phyllite
S

charge of cations in tetrahedral positions

Figure 13 Charge distribution diagram with end-members
celadonite, muscovite and pyrophyllite (modified from Kdoster,
1977)

3.3 Technical analysis:

The technical analyses were carried out on powdered samples and whole rock pieces.
The porosity was determined according to ONORM B3121 and ONORM EN1936, and
with additional use of a pycnometer. By determining the porosity, particular attention
should be paid to the calibration of the scale and its location. The scale used for this
procedure should stand free and should not be influenced by biasing factors. Furthermore,

the permeability was determined using a micropermeameter.

3.3.1 Porosity:

Determination after ONORM B3121 (Testing of natural stone; density, apparent density, bulk
density) and ONORM EN 1936 (Natural stone test methods - Determination of real density and
apparent density, and of total and open porosity):

With this method, the bulk density, the open porosity and the total porosity were
determined.

For the operational procedure the ONORM B3121 was used and for the calculation of the
porosity the new ONORM EN 1936 was applied. The samples were dried in a drying oven
at 105 °C (figure 14) and weighted.
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Afterwards the samples were placed in water (figure 15) until they were saturated with

water. The sample is then dipped into the water from the scale and weighed again.

Figure 14 Drying oven Figure 15 Container for rock samples

The calculation was carried out using following formula:
Open porosity:
Po = (Ms—mg) / (Ms—mp) * 100 [%]

Mgy dry mass of the sample [0]

mh mass of the body dipped in water [0]

ms mass of water-saturated body [a]

(o] bulk density [g/cm3]
Prh density of water [g/cm3]
Po open porosity [%]
Bulk density:

Po = (Ma ™ prn) / (Ms — Mn) [kg/m?]

Determination with Pycnometer (ONORM B3121: Testing of natural stone; density,
apparent density, bulk density):

With this method, the net density and the total porosity were determined. Since the
density of the rock without the pore spaces was of interest, a powdered sample was used
(figure 16). Samples GRO 3X and GRO 4X were determined at Technischen Prifanstalt
(TPA). First, the empty pycnometer (figure 17) is weighed, and then the sample is placed
inside. Then, the pycnometer with the sample inside is weighed again. After that, the

pycnometer is filled with distilled water. No air bubbles should be trapped in the flask.
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The pycnometer must be filled to the top, so that water is spilled when the stopper is
placed on top. Finally, the pycnometer with the sample and water was weighed. For the
determination of the porosity, we used the results of the bulk density of the previous

measurement (ONORM EN 1936).

Figure 17 Pycnometer
(http://de.wikipedia.org/w/index.php
?title=Datei:Pyknometer.jpg&filetim

estamp=20100427213155)

Figure 16 Powdered sample

The calculation was carried out using this formula:
Porosity:
1 — (bulk density / net density) * 100 [%]

Bulk density (Results from the ONORM EN 1936) [g/cm?]

Net density:
p=(C-A)/(B-A)-(D-C)  [glcm?]

A weight of the pycnometer [a]
B weight of the pycnometer with water (volume) [g/cm?]
C weight of the pycnometer with powdered sample [a]
D Weight of the pycnometer with water and powdered sample [g/cm3]
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3.3.2 Permeability:

The permeability is determined by hydraulic conductivity. These measurements were
performed using the micropermeameter (figure 18 and figure 19) at OMV in Ganserndorf. For
this purpose, the rock sample was clamped in the micropermeameter and nitrogen was
pressed onto the rocks with a pressure of 8 bar. With this method the permeability, in mD
(milli Darcy) can be determined. It was important, that the rock sample was placed firmly
in the machine and could not move. It was also very important that a plain and not

weathered rock surface was used for this procedure.

Figure 18 Micropermeameter Figure 19 Nitrogen valve and PC
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4. Results

4.1 Profiles:

The first two profiles were logged at the east wall of the quarry. The most frequently
occurring rocks are sandstones (fine-to medium-grained) and mudstones (clay). The wall
is made up of thick-bedded sandstone layers (200-400 cm). In between are clay layers of

variable thicknesses.

The first part of the first profile
(figure 20 and figure 23) comprises
the first 700 cm and shows that
the sandstone is fining upward.

The sandstone beds are brown,

Second part

fine- to medium-grained, and are
partly heavily weathered. : S “ GROa|  First part
Lamination can be seen : SRTSPE B GRO 1b

ccasionally.

Between these sandstone beds,

clay layers are intercalated. Figure 20 First profile of the east wall of the quarry
Two sandstone samples were

taken, GRO 1a and GRO1b (figure 20 and figure 23).

The second part of the first
profile shows the section
between 700 to 1208 cm (figure 20
and figure 24). This section
consists mainly of yellow-brown
sandstones. Only a few clay
layers could be identified.
Lamination and ripple
stratification is evident.

The top meter could not be

recorded exactly.

Figure 21 Second profile of the east wall of the quarry
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The second profile of the east wall (figure 21 and figure 25) consists of thick-bedded
sandstone layers with two clay layers intercalated.

The sandstone beds are 300 to 500 cm thick. Predominantly medium-grained, yellow-
brown, moderately to highly weathered sandstones are found.

Four samples were collected; three sandstones (GRO 3, GRO 3X and GRO 4X) and one
mudstone sample. The sandstone samples were taken from the same layer, because the

sandstone shows internal variation of properties.

The profile of the south wall
(figure 22 and figure 26) was
recorded by Besada (1996) in his
thesis. The profile has a total
thickness of about 126 m,
starting at the base with pebbly
sandstones and conglomerates
and becoming more finely

grained towards the top.

Figure 22 South wall of the quarry (from Besada, 1996)

Today, the lower part of the profile (up to 52 m) logged by Besada is covered by debris,
only the upper part is still exposed.
The sandstone and conglomerate beds have an individual thickness of several meters. As

in other sections, they are always interbedded with clay layers.

The south wall shows a wide inventory of sedimentary structures: normal and reverse
grading, amalgamation, lamination and cross-bedding. 15 samples of sandstones and
conglomerates were taken (figure 26). In addition 10 samples taken by Besada and stored
in the collection of the Center for Earth Sciences, University of Vienna, were also studied.
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clay-silt sand gravel clay-silt sand gravel
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clay-silt sand gravel
7006cm LM, €
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Laminated fine sandstone

50 cm 676 cm
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Figure 23 First part of the first profile — East wall quarry Strombauamt
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clay-silt sand gravel clay-silt sand gravel
L 1200cm m,c

50 cm

900 cm 1150cm
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850 cm 1100cm

800 cm 1050 cm

Profile 1 Strombauamt (Hoflein an der Donau)
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Figure 24 Second part of the first profile — East wall quarry Strombauamt
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Figure 25 Second profile — East wall quarry Strombauamt

gravel

thick, massive sandstone

medium-grained sandstone
bank with clay (weathered)

33



W psIa + g wa+
W - JI ¥ W ” ¢ IN + s | szv| #v v+
w w |ezv| ¢ VEN -
ISt 98 ¥9 w o)y +
Q b
ﬁ o+
~ +
) o N+ w | ev| oy 14
J o
M . Jsra + m
< P
als ‘i ) 15
g% 44 e lelsls ry Lzt
= e oL+ oy r N o | zov| sy E
c H Lo W. o == Is
o S z1A+ x U s i & oy +
~ w
) N 26N +
3 o zs |128| @
g “ PoN +
o+ b 5 o |rev | 2y
o+ Ll i q + n.w. w | ezv| ov
£1x+ oL eydye I} i
= sa e "
23 5 || 30 - s | B
x | 250 | o -
Ky ﬂ s | rrv| ev o 3 (1)
. L 5 I | v
oLx+ 1) - + 15 | riv| €V
k% N a sy +
154 [0 w ro| n
SIRY ora+
GIA+ N i a » a,
rev) Iy
H PN 89 3O k7 k w 9v +
o _
W. is [ rrv| ov #10 + at eev| ev oN +
.:8.__ NILI[RE M m S1a + A
Q °5Iq +
12)S0PUOL o “ 5 el 3
T .
UISDUYISINZ .ﬂ S'LL 8O
-1iad 007 oy (Desra + oy +
11215pUDs 1 u2ISpUDS #d+ 10 +
; PSIq +
42YISyDIWO}SUOY % Mw%whu\ - T01 & ora +
= Ew.uﬁ_an ; Hivpsar —_— EEEES e | v | oy
z z IN
ppmdauyouuaqosd | + 128 11L0y11 U . i o FHE s MG e
7 eI =18 ot ! .
Sunnpoyasdpngas 429048 $1q 120701 84+ L (N3IH +
i 5 Fui
(26 E)STH + N
Sunpyonosyayim auoIspuns e ,M (HgrH +
€1993d 1 o 3| K| 8 ©
UIUONDUNUT] z1av M. T 61a + s PN+
2|pu02LIOY PUN Sunuapoiny ) k|
a)anv10d ‘29013 2819091 Lo e p— 3
nauonouIUD ] ] G'8. ¥O Q I+
21pI0ZLIOY pUN Sunaapvin 20 M I © L2 Ra 4 A
apayvaod “auraf appuLiou & Y 9610 * m -
o suoy | L ) 5
B 2104201 8U0Y s ™
= Is | »1v . &
-SuonowoSiowy 8 z o rrv)oev | SOERTR] B
3 S 3 )
0011 qIsfo 2| g i T
(- [y 8 @81H + % o
JupnpquIo.s,, & g g 5%
u | rea| za ol 2
syonuquials sap jifosdiunsa e 2 & s+ H
. X+ h
e
Sle . 4 o0zH + l
LI QQv\ 07| W21 7w ) r_:ﬂ worafrem f . f,_sq oI

|34

Figure 26 Profile of the south wall quarry Strombauamt (from Besada 1996, modified by Loffler)




4.2 2-D Plot:

A 2-D plot was made from a panoramic image of the east wall of the quarry area (figure 27).
Characteristic features of the wall were a fault, channel cuts and their fillings. The latter
two can be attributed to the depositional environment. The channels and their fillings could
be evidence for poor reservoir properties, as there might be no communication between
the different channels. In the clay layers on the south end of the wall one angular
unconformity could be found. Otherwise the wall consisted of highly weathered, massive
sandstone banks with clay layers. Through constant excavation work at the quarry wall

more and more of the wall has been made visible.
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Figure 27 2-D Plot of the east wall of the quarry Strombauamt
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4.3 Petrographic results:

4.3.1 Point Counting:
The main components are quartz (monocrystalline and polycrystalline), glauconite,
carbonate cement, mica (muscovite and biotite), feldspar (plagioclase and orthoclase),

rock fragments, and fossil fragments.

The three dominant components in the samples were: quartz, glauconite, and carbonate
cement.

Special attention was paid to the high amount of quartz. Figure 28 shows a comparison
between the mono- and polycrystalline quartz grains for the individual samples.

The percentage of monocrystalline quartz is much higher than of polycrystalline quartz.
Monocrystalline quartz has a percentage twice as high as the polycrystalline quartz.

The content of monocrystalline quartz is much higher in the south wall than in the east
wall. The different samples have a similar quartz content. In all rock samples more than

60 % of quartz could be counted.

The similarity between the samples is also evident shown in the diagram in figure 29.
This figure shows the comparison of all rock samples. There are only slight differences in
quartz, glauconite and cement between the individual samples. The content of mica, rock
fragments and fossil fragments are very low. The amount of glauconite is slightly higher in
the samples of the east wall (GRO 1a, GRO 1b, GRO 3, GRO 3X and GRO 4X) than in

the samples of the south wall (figure 29).
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4 .3.2 Characterization of the sandstones:
A3(2)

Macroscopic

&‘»vq" x ‘
‘ » - o _. s e i A_',
i .-, KRR ! o A S w il

Coarse- grained sandstone Overview: compact and moderately sorted,

Light gray to light brown, quartz grains are coarse sand grains are rounded, medium and
visible (most rounded) fine grains are angular to rounded
Compact and no visible porosity Components: quartz (monocrystalline and

polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) -

Occasional occurrence of fossils and rock

fragments

A5(1)

Macroscopic

Fine- grained sandstone Overview: compact and poorly sorted, no coarse
Light brown, high content of quartz well visible grained sand grains, medium and fine grains are
Compact and no visible porosity angular to rounded

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —

Occasional occurrence of fossils and rock

fragments
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N4

Macroscopic ‘ Microscopic

g

Conglomerate Overview: Chaotic and poorly sorted, many

Light brown to light gray coarse grains — angular to rounded, fine grains
Quartz grains are clearly visible angular and rounded too
Compact and no visible porosity Components: quartz (monocrystalline and

polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

H2

Macroscopic ‘ Microscopic

> e \ - VIR St

i WY NP

Fine- grained sandstone Overview: compact and moderately sorted, few
Light gray to light brown, lamination, quartz coarse grains (mostly rounded), medium and
grains are clearly visible fine grains are angular to rounded

Compact and no visible porosity Components: quartz (monocrystalline and

polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —

Sporadic occurrence of fossils and rock

fragments
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H6

Macroscopic ‘ Microscopic

B4 878
Phiss, LT HN

Fine- grained sandstone Overview: compact and poorly sorted, no coarse

Light brown grains, medium and fine grains are angular to
Single grains can not be identified rounded
Compact and no visible porosity Components: quartz (monocrystalline and

polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

H10

Macroscopic ‘ Microscopic

= o G | Y

Medium- grained sandstone Overview: very compact and moderately sorted,
Light gray, alternation between coarse and fine | single coarse grains (rounded), medium and fine
layers, quartz grains are clearly visible grains are angular to rounded

Compact and no visible porosity Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —

Occasional occurrence of fossils and rock

fragments
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D3(5)

Macroscopic ‘ Microscopic

o

Medium- grained sandstone
Light gray, alternation between fine and coarse
layers, quartz grains are clearly visible

Compact and no visible porosity

Overview: chaotic and poorly sorted, few coarse
components (rounded), medium grains are
dominant (angular to rounded), fine grains
(angular to rounded)

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

D5a

Macroscopic

4 1
S o A
N\ ¥ b i e

Coarse- grained sandstone
Light gray, grains are mostly finer at the top,
quartz grains are clearly visible

Compact and no visible porosity

Overview: chaotic and poorly sorted, medium
and fine grains are angular to rounded
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

43




Macroscopic

Microscopic
% gw {‘

Fine- grained sandstone
Light grey, middle layer is coarser, quartz
grains are clearly visible, lamination

Compact and no visible porosity

grains (rounded), medium and fine grains are
angular to rounded

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

GR 44

Macroscopic ‘ Microscopic

Conglomerate

Large components (rounded), brown / orange
surface due to weathering

Quartz components are large and clearly
visible, compact and no visible porosity,

contains pebbles

NP

Overview: Extremely co

aias

arse grained,
moderately sorted, occurrence of coarse rock
fragments - usually rounded, occasionally
angular grains

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments
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Macroscopic

Conglomerate
Light brown rock surface, less weathered than
GR 44, little or no visible porosity, quartz grains

are clearly visible

Overview: finer components, compact and

densely arranged, coarse components less than
in GR 44 - mostly angular to rounded
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

GR 51

Macroscopic

Microsc

. A N : ”
ath. S | P>

EEEA N

Fine-grained sandstone
Laminated (dark brown layers are intercalated),
brownish surface, very fine and compact, little

or no visible porosity

Overview: layering (grading) visible on thin-
section, very fine and compact, well sorted and
ordered, usually round components
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments
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GR 52

Macroscopic

Not as fine as GR 51, brown surface, very

compact with little or no visible porosity

Fine-grained sandstone

- gé Y AN
Overview: mostly well-rounded

rains, compact

and finely arranged, in a small section the grains
were more compacted and finer grained,
moderately to poorly sorted

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica (biotite and muscovite) -
Presence of cement (blue) — Occasional

occurrence of fossils and rock fragments

GR 66,7

Macroscopic

Fine-grained sandstone
Light gray / gray stone color, shows lamination,
surface is partially weathered orange, little or no

visible porosity

Microscopic

but occasionally angular components, thin
section: lamination is visible

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica (biotite and muscovite) -

Presence of cement (blue) — Occasional

occurrence of fossils and rock fragments
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Macroscopic

Microscopic

Fine-grained sandstone
Dark gray, heavily weathered surface (orange to
red-brown), rugged surface, little or no visible

porosity

Overview: some larger rounded grains — some
of them can also be angular, occasionally small
fossil fragments, moderately sorted
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) -
Occasional occurrence of fossils and rock

fragments

GR 69

Macroscopic

Microscopic

\ . ‘»\ B :'k ‘z@ “‘i‘ e 7 _,.

¥ 2 s

Conglomerate

Quartz components are clearly visible, in some
places weathered orange to reddish brown,
surface carries the color gray / brown, little or no

visible porosity

Overview: coarse grains are present (angular to
rounded), a lot of small components — poorly
sorted

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) -
Occasional occurrence of fossils and rock

fragments
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Macroscopic

Microscopic
.

e PR AL TN

Conglomerate
Gray / brown surface - weathering orange on
one side, quartz grains are clearly visible, little

or no visible porosity

Overview: Many large and coarse grains -
mostly rounded, chaotic arrangement, smaller
components are mostly angular, poorly sorted
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

Coarse-grained sandstone
Brownish, almost completely weathered, some
larger quartz grains can be detected, little or no

visible porosity

Microscopic
ST PN

Overview: Some coarse grains (rounded),
medium and fine grains are messy and compact
(angular to rounded), poorly sorted
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of rock fragments, fossil

fragments
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Macroscopic

Coarse-grained sandstone

Light to dark brown surface, on one side very weathered (brown) - Iron-rich

crust, individual quartz grains visible, compact, little or no visible porosity

GR 78,5

Macroscopic

T W

Medium-grained sandstone
Gray / brown, sometimes reddish brown
weathered, individual quartz grains are clearly

visible, compact, little or no visible porosity

Overview: few very coarse components
(rounded), medium grains very common
(angular to rounded), fine grains (angular to
rounded) are poorly sorted/compact
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments
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Macroscopic

Microscopic

Coarse-grained sandstone

Thin calcite vein visible - runs through the rock,
light brown to light gray surface - slightly
weathered, quartz components are clearly

visible, compact, little or no visible porosity

Overview: Occurrence of some medium-sized
grains (angular to rounded), finer components
are poorly sorted and compact (angular to
rounded)

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica (biotite and muscovite) -
Presence of cement (blue) — Occasional

occurrence of fossils and rock fragments

Macroscopic

Fine-grained sandstone

Strong red-brown weathering - usually light
brown to brown rock surface, grains are difficult
to detect (rock surface is too fine), compact,

little or no visible porosity

angular), compact, moderately sorted
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica (biotite and muscovite) -
Presence of cement (blue) — Occasional

occurrence of fossils and rock fragments
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GR 86

Macroscopic

R & B AT &
BTy QK a

Fine-grained sandstone
Some coarse components, strong reddish
brown weathered rock on top and bottom, light

brown to light gray, compact, little or no visible

Overview: very compact — poorly sorted,
occurrence of some very coarse components
(rounded) and finer components (rounded to

angular) - Components: quartz (monocrystalline

porosity and polycrystalline), glauconite (green, round
components), mica (biotite and muscovite) -
Presence of cement (blue) — Occasional
occurrence of fossils (foraminifera) and rock
fragments

GR 93

Macroscopic

Fine-grained sandstone
Strong red-brown weathering, sandstone color
brown to light gray, compact, little or no visible

porosity

occasionally medium-sized grains (rounded),
larger components missing, fine components
are densely arranged (rounded to angular),
poorly sorted - Components: quartz
(monocrystalline and polycrystalline), glauconite
(green, round comp.), mica (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments
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Macroscopic

Coarse- grained sandstone
Light brown, the deepest part is finer , quartz
grains are clearly visible

Compact and no visible porosity

coarse grains (rounded), medium and fine
components are angular to rounded
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

GRO 1a

Macroscopic

Fine-grained sandstone
Light gray (light brown) surface - not entirely

weathered, compact, little or no visible porosity

v ey ' xR e
Overview: extremely fine and moderately sorted,
almost medium-sized components (rounded to
angular) - fossils, fine components are arranged
densely (rounded to angular) Components:
quartz (monocrystalline and polycrystalline),
glauconite (green, round components), mica
flakes (biotite and muscovite) - Presence of

cement (blue) — Occasional occurrence of

fossils and rock fragments
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GRO 1b

Macroscopic

bt e . ¥ 348 « 4 3
2y B ‘ 2 4 A !'4 &
4 8.2 int { L, W
AT X n‘ﬂ?“ oS TRl VO

Fine-grained sandstone
One-third of the sandstone is partly brownish
(weathered), partly gray color, compact, little or

no visible porosity

Overview: very compact, finely arranged and
poorly sorted, large components are missing -
medium-sized components are rounded to
angular, fine grains (rounded to angular)
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments

GRO 3

Macroscopic

Microscopic

Ya v Py I N *

Fine-grained sandstone
Very weathered brown surface, normal rock
color is dark gray, compact, little or no visible

porosity

Overview: not as compact as GRO 1b (still fine),
random presence of larger components
(rounded to angular), moderately sorted,
medium-sized and fine components (rounded to
angular)

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —

Sometimes fossils and rock fragments
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GRO 3X

Macroscopic

Microscopic
o T, “'*,:uu

Fine-grained sandstone
Gray surface, very fine - grains are not
detectable macroscopically, strongly weathered,

little or no visible porosity

Overwew very fine and poorly sorted,
occurrence of large (rounded to angular),
medium and fine components (also rounded to
angular)

Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica (biotite and muscovite) -
Presence of cement (blue) — Occasional

occurrence of fossils and rock fragments

GRO 4X

Macroscopic

Fine-grained sandstone

Gray / brown sandstone (browner, in contrast to
GRO 3X), not weathered, very fine components
are not visible macroscopically, little or no

visible porosity

Microscopic
- K P

Overview: fine and compact thin section,

medium grains are rounded to angular, many
small grains (rounded to angular)
Components: quartz (monocrystalline and
polycrystalline), glauconite (green, round
components), mica flakes (biotite and
muscovite) - Presence of cement (blue) —
Occasional occurrence of fossils and rock

fragments
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4.3.3 Classification of the sandstones:
The three components, quartz, feldspar and lithic fragments, were plotted in a triangular

plot after Folk (1968) (figure 30 to figure 37). According to this plot, the sandstones can be
classified as quartz arenites. All samples consist of more than 98 % quartz. Here poly-
and monocrystalline quartz were combined. Since the percentage of glauconite lies
between 15-35 %, the sandstones can also be referred to as glauconite bearing quartz
arenites (Mount, 1985).
By plotting all the individual samples, the similarity of the rocks can be seen (figure 30 to
figure 37). The first seven plots show the results of the south quarry wall and the last one is

the plot of the east wall.

Quartz arenite Samples:
H2

Quartz arenite

A’koss

Lithic Arkose

4r,(rose
Lithic Arkose

L F

Figure 31 Classification of the sandstones after Folk
— South wall: Samples H2, H6 and H10

F

Figure 30 Classification of the sandstones after Folk
— South wall: Samples A3(2), A5(1) and N4
Quartz arenite Samgles:

D5a
D5

Quartz arenite Samples:

GR 51

4”"089

Lithic Arkose

4
hose
Lithic Arkose

L F

Figure 33 Classification of the sandstones after Folk
— South wall: Samples D3(5), D5a and D5c

F

Figure 32 Classification of the sandstones after Folk
— South wall: Samples GR 44, GR 46, GR 51, GR 52
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Quartz arenite Samgles; Quartz arenite Samgles;
GR 68 GR 73,5
GR 69 GR 78,5
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Figure 35 Classification of the sandstones after Folk
— South wall: Samples GR 71.5, GR 73.5 and
GR 78.5

Figure 34 Classification of the sandstones after Folk
— South wall: Samples GR 66.7, GR 68 and GR 69

Samples:

Quartz arenite Samples: anzirera GRO 1a

GR 80,5 GRO 1b

sini GRO 3X

GR 93
€/ 3 v g
F L = L
Figure 36 Classification of the sandstones after Folk Figure 37 Classification of the sandstones after Folk
— South wall: Samples GR 80.5, GR 83.5, GR 86, — East wall: Samples GRO 1a, GRO 1b,
GR 93 and X1 GRO 3, GRO 3X and GRO 4X
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4.3.4 X-ray diffraction (XRD):

The mineralogical results, which were analyzed with XRD, are comparable with the results

of the point counting. The most abundant mineral in most of the samples was quartz.

Further, glauconite, calcite, and orthoclase were found (figures 38 to 43).

Calcite is caused by the presence of fossil fragments and calcite cement.

All diffractograms show similar results.
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Figure 38 X-ray diffraction patterns of samples A3(2), A5(1) and N4 of the south wall of the quarry
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Figure 39 X-ray diffraction patterns of samples H2, H6 and H10 of the south wall of the quarry
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Figure 40 X-ray diffraction patterns of samples GR 44, GR 51 and GR 69 of the south wall of the quarry
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Figure 41 X-ray diffraction patterns of samples D3(5), D5a and D5c of the south wall of the quarry
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Figure 42 X-ray diffraction patterns of samples GR 73.5, GR 80.5 and GR 93 of the south wall of the quarry
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4.3.5 Cathodoluminescence (CL):

By stimulating the samples with an electron beam the minerals show different colors.
Quartz is represented by the color dark blue or brown, K-feldspar by light blue and
carbonate cement by orange. The carbonate cement is very dominant and starts
corroding the individual grain edges (figure 61). Two sandstone samples were selected for
this analysis, sample GR 78.5 from the south wall of the quarry and sample GRO 3 of the
east wall. The samples were selected according to their glauconite, cement and quartz

amount.

Figure 44 is a cathodoluminescence picture of sample GR 78.5. A clear dominance of
calcite cement, as well as quartz and feldspar is visible. The yellow-green grain in the
upper left side of the thin section represents apatite. The picture on the right side shows
the same sample, mainly quartz, in crossed polarized light, XPL (figure 45). In Figure 46
polycrystalline quartz is visible. But the dominant components of cement and K-feldspar
are also visible. This is even more evident in crossed polarized light (figure 47).

Figure 46 additionally shows the dominant presence of monocrystalline quartz.

Figure 44 CL Photo of the sample GR 78.5 Figure 45 XPL Photo of the sample GR 78.5

Figure 46 CL Photo of the sample GR 78.5 Figure 47 XPL Photo of the sample GR 78.5
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Figure 48 shows calcite cement as dominant phase, also quartz and feldspar are present.
In the middle of the thin section an apatite is visible. With crossed polarizer the dominance
of quartz and k-feldspar are visible (figure 49).

In the middle of Figures 50 and 51 a very big and elongated part of a carbonate fossil
fragment can be seen. This fragment has a bright orange color. With XPL (figure 51) the
structure of the fossil fragment is very good visible, but also the presence of the

monocrystalline quartz grains.

Figure 48 CL Photo of the sample GRO 3 Figure 49 XPL Photo of the sample GRO 3
TRl D : ]

Figure 50 CL Photo of the sample GRO 3 Figure 51 XPL Photo of the sample GRO 3
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4.3.6 Electron microprobe (EMP):

The crystal-chemical structural formulae of glauconites of two sandstone samples
(GR 78.5 and GRO 3) were calculated using the Marshall method (Marshall, 1949).

The process of calculating is described in chapter 3.2.6. For the formula calculation the

results of table 3 were important.

The results of the calculation (mean value) are the formulae:

Glauconites of sandstone sample GR 78.5

(Ko.s7 Nao.o1 Cao.04) (Alo.ss Feo.s7 Mgo.a3) (Sizsg Alo.at) O10 (OH)2

Glauconites of sandstone sample GRO 3

(Ko.72 Nao.01 Cao.04) (Alo.ss Feo.91 Mgo.42) (Sizea Aloss) O10 (OH)2

Table 3 Chemical composition (wt % - mean value) and calculated structural formulae (based on O10 (OH)2)

Chemical composition wt %
GR 78.5 GRO 3
SiO2 50.50 51.19
Al2O3 13.01 12.23
Fe203 16.24 17.04
MnO 0,01 0,01
MgO 4.03 3.95
Ca0O 0.59 0.46
Na20 0.08 0.09
K20 7.41 7.94
Tetrahedral position
Si 3.59 3.64
Al 0.41 0.36
Octahedral position
Al 0.68 0.66
Fe 0.87 0.91
Mg 0.43 0.42
Interlayer position
K 0.72 0.72
Na 0.01 0.01
Ca 0.04 0.04
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The tetrahedral, octahedral and interlayer charges of each glauconite grain were plotted in
the triangular plots in figure 52 and figure 53. In the sample GR 78.5 thirteen points were
analyzed and in sample GRO 3 twenty-three.

All analyses (in green results of the rim and in blue results of the centre of the glauconite
grains) plot inside of the glauconite field (figure 52 and figure 53). This demonstrates that the
composition of the glauconites in the sandstones is evolved (Odin, 1988) and does not

contain expandable smectite anymore.

Celadonite

= 12 Celadonite"
\ 16 Glauconite
— 9 lllite
> 4
% == 21 Montmorillonite

33 Montmorillonite

20

S N N Pyro-
Muscovite 150 2 4 6 8 160 phyllite
charge of cations in tetrahedral positions —-

Figure 52 Charge distribution diagram with end-members celadonite,
muscovite and pyrophyllite (modified from Koster, 1977) of the sample GR
78.5 — In blue the analyses in the centre (n=15) of the single grains and in

green on the rim (n=8)

Celadonite
S.2
i 12 Celadonite"”
\ 16 Glauconite “
— 9 lllite
n% == 21 Montmorillonite “

33 Montmorillonite “

% i o Pyro-
Muscovite 150 2 4 6 8 160 phyllite
charge of cations in tetrahedral positions ——

Figure 53 Charge distribution diagram with end-members celadonite,
muscovite and pyrophyllite (modified from Kdster, 1977) of the sample
GRO3 - In blue the analyses in the centre (n=8) of the single grains

and in green on the rim (n=5)
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The composition of the carbonate cement of the two sandstone samples was also

analyzed in the centre and the rim. Fifty-eight points were analyzed.

In the following table, the mean values of the composition of the cements in the centre

and on the rim are shown. Complete results are given in appendix (8.).

Table 4 Chemical composition (Wwt%) of the cement in both samples GR 78.5 and GRO 3

Chemical composition wt %

GR 78.5 GRO 3

Centre Rim Centre Rim
Na20 0.03 0.08 0.03 0.05
SiO2 0.06 0.29 0.04 0.07
MgO 0.43 0.48 0.45 0.39
Al2Os3 0.03 0.04 0.02 0.02
K20 0 0 0 0
CaO 58.56 58.27 59.02 54.40
MnO 0.10 0.11 0.15 0.13
FeO 1.46 1.55 1.80 1.56

The compositions of the samples show a high amount of 54 to 59 wt % CaO. The amount

of FeO is above 1 wt %. The centre and the rim of the samples are very similar. The

cement in the sandstone samples are can be classified as Fe-bearing calcite cement.

The average composition of calcite cement is 0.4 % MgO, 57.6 % CaO, 0.1 % MnO and

1.6 % FeO.
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4.4 Technical results:

4.4.1 Porosity:
To determine the porosity, different methods were used. On one hand, the bulk density
was determined by immersion weighing, on the other hand, the true density was

determined by using a pychometer.

In Figure 54 a comparison of these two methods is displayed. The porosity values range
from 0.6 to 12.3 %. The comparison shows, that both methods give comparable results.
The porosity of most samples ranges between 2-8 %. There are six samples A3(2), GR
52, GR 66.7, GRO 1a, GRO 1b and GRO 4X, which have higher porosity values. The first
two samples GR 52 and GR 66.7 are samples of the south wall of the quarry and the
samples GRO 1a, GRO 1b and GRO 4X are sandstones samples of the east wall. A low
porosity value suggests that the rock samples are not suitable as reservoir rock for oil and

natural gas.

In some cases, the methods resulted in different values. This can be explained by the
different preparation methods for the sandstone samples. With the pycnometer powdered
samples were used and with the immersion weighing the whole sandstone sample.

Another reason can be the error range for the measurements.
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Bulk density vs. Net density:

The bulk density was determined with the immersion weighing and the net density with a
pycnometer. The measuring method was described in chapter 3.3.1.

Most of the sandstone samples plot near the regression line (r = 0.908), but some of them
show a strong difference between the different measuring methods (figure 55). The sample
GRO 4X is outside of the line, with porosity values over 12 %. The other sandstone
samples with values between 2 % and 8 % porosity plot near the line, there are not really

significant differences.

14,00

y=0.697x+ 1920
R?=0.908
10,00

8,00 —

Immersionweighing [%]

4,00

2,00

0,00

Pycnometer [%]

14

Figure 55 Bulk density measured with an immersion weighing vs. net density measured with a pycnometer
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4.4.2 Permeability:

The permeability was determined using a micropermeameter at OMV in Ganserndorf. For
the measurement, it was particularly important to use a fresh, smooth surface otherwise
the nitrogen could not be pressed right through the rock. For the same reason it is
important to ensure that the micropermeameter sits tightly on the sample with no gap in
between. Unfortunately, this could not be achieved by all rock samples. From the east wall
two sandstone samples could be analyzed, because the other rock samples were too big
for measuring with micropermeameter. The results range from 4.5 to 6.5 mD (figure 56).
Samples GR 52, GR 66.7 and GRO 1a have slightly higher permeabilities with 9.04 to
10.01 mD (figure 56).

12,0 -

10,0

8,0 T

6,0

Permeability [mD]

4,0 1

20 T

0,0 + :
GR44 GR46 GR51 GR52 GR66,7 GR68 GR69 GR71,5 GR73,5 GR75,5 GR78,5 GR80,5 GR83,5 GR86 GR93 GRO1la GRO1b
Samples

N AN J

South Wall East Wall

Figure 56 Results of the permeability measurements [mD]
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4.4.3 Porosity vs. Permeability:

In Figure 57 the porosity is plotted against the permeability. The porosities and
permeabilities are positively correlated with R2 = 0.372 (correlation coefficient). Samples
with porosities of 2-6 % and permeabilities of 4-6 mD (figure 54 and figure 56) plot near the
regression line. Samples GR 51, GR 52, GR 66.7, GR 68 (green triangles) and samples
GRO 1a and GRO 1b (blue triangles) plot further away from the regression line.

The other samples from the east wall could not be plotted in figure 57 as they could not be
measured with the micropermeameter. Also the samples, which were taken by Besada

from the south wall, were not measured.

12

10

y=0.400x + 3.638
R?=0.372

Permeability [mD]
o

Porosity [%]

Figure 57 Porosity vs. Permeability of the different samples — In green the samples of the south wall of the quarry

and in blue the samples of the east wall

70



5. Discussion

This master thesis studies the reservoir properties of the Greifenstein Formation from the

quarry Strombauamt (Lower Austria). For this study, outcrop samples were collected and

analyzed for their porosity and permeability. Also the chemical and mineralogical

compositions of the sandstone samples were determined.

In this chapter the results will be discussed and compared with

literature, such as Besada (1996), Rammel (1989) and Hosch (1985).

5.1 Outcrop Sedimentology

Two walls of the quarry were studied; the east wall and the south
wall. The profile on the south wall is stratigraphically older than the
profile on the east wall. This is based on the general dip orientation
of the beds and the thickness of the sandstone banks.

In addition samples of Besada (1996) from (now covered parts of) the

south wall were also analyzed.

In the counterpart of the profile of the west wall (logged by
Stephanie Neuhuber, figure 58), sandstones can be seen with thin
layers of pelites. Similar layers are present on the top of the south
wall (figure 26). Only the macroscopic lithology was determined on the
west wall. The observation confirmed a good correlation between
the profile walls (east, south and west wall). By comparing lithology
and layer thickness of sandstone banks, it could be confirmed that
the profiles of the quarry Strombauamt belong to one continuous
formation, although the Greifenstein Formation is not fully exposed

at the quarry.

Figure 58 Profile of
the west wall of the
quarry (from Dr.
Stephanie Neuhuber)
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Figure 59 shows the submarine/deep-sea fan model after Walker (1980).

This model can be used to explain, in what depositional environments and systems the
deposition of the sediments of the quarry Strombauamt took place. Following this model it
can be interpreted, that the sediments, which were sourced from the Bohemian Massif
(Besada, 1996 and Hésch 1985), were transported through a canyon into the deep sea. Grain
size and thickness allow an interpretation of the depositional environment. A canyon cut
into the slope allowed transport of sediments to the upper fan (Walker, 1980).

Thin bedded turbidites were deposited on levees of the channel. Channel fillings consist of
massive sandstones and conglomerates (Besada, 1996).

By comparing Walker’s model (1980) and the profiles, it can be said that the sediments in
the area were deposited in a channel. Overall, deposition can be interpreted to have taken
place in an upper to mid fan environment. In addition figure 59 shows that braided channel
systems occur in the middle fan. They are filled with massive sandstone banks at the
channel base and with thin and fine-grained sedimentary material in the upper part
(Besada, 1996).

In the distal part of the deep-sea fan model, the lower fan is characterized by an absence
of channels and the appearance of fine sediments. Classical turbidite sequences are
visible there (Walker, 1980). Such classical “distal” turbidite sediments were not found in the

profiles of the quarry Strombauamt (Besada, 1996).

From the south wall Besada (1996) recorded conglomerates at the base, massive

sandstone banks with classical turbidites in the middle part, and a thin-bedded sandstone
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bank from the top of the wall. Sedimentary features of this wall are: normal and reverse
grading, amalgamation, lamination and cross-bedding (figure 26).

The conglomerates, which were found in the lower part of the south wall, could be
interpreted as upper fan deposits, which were caused by debris flows. According to
Schafer (2005) the components of sand and pebbles were held in suspension during
transport. Massive sandstones could be deposited in the upper fan. The turbidites, they
could be finer-grained turbidites, which were deposited on the wall of major feeder
channels in continuation of the canyon (Walker, 1980). Occasionally turbidites that can be

described with the Bouma sequence (figure 3) are present.

Recognizable structures in the eastern outcrop wall were also channel lenses and channel
fills (figure 27 and figure 60). They allow a reconstruction of the depositional environment. The

channels in figure 60 could be part of a deep sea fan system (figure 27 and figure 59).

Figure 60 Channel systems of the east quarry wall

A precise classification of the east wall according to the Walker model is difficult, since the
wall consists of only largely and fairly dense sandstone.

In the fan models of Walker (1980) it can be interpreted as upper to middle fan, consisting
of thick bedded sandstones as channel fills.

At the height of 600 and 700 cm in the first profile of the east wall, lamination and cross
bedding is found. This could indicate the occurrence of turbidites.

The channels represent individual units, with slightly different porosity and composition,
even if they come from the same source area.
Based on these observations, the sediments of the eastern quarry wall were deposited in

the upper fan, as already described by Besada (figure 59).
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At the east wall of the quarry it is difficult to say whether the thick-bedded, solid and
partially weathered sandstones found in the quarry represent parts of a classical Bouma
sequence (described in figures 20, 21 and 22).

In general the sediments have a fining upward trend with a massive sandstone bed at the
base, indicating a Ta sequence. Occasionally ripple lamination and stratification are found
in profile 1 (figure 23 and figure 24), which indicate the presence of sequences Tb (lamination)
and Tc (ripples) (figure 3) respectively.

These three sequences represent the actual turbidite body. The missing sections, which
would complement the Bouma sequences are Tef (massive and graded turbiditic pelites)
and Tep (pelagic/hemipelagic pelites). These could not be observed in the eastern profile

wall.

These results show that these could be again an upper fan deposits. However, this is only

based on fairly dense sandstones with no further evidence.

Hans Egger and Michael Wagreich (personal communication) have the opinion that an
interpretation in the context of a fan system is unlikely and that the Greifenstein Formation
may represent a deep-sea channel system based on the predominance of channels and
channel-fills. One reason may be that in the quarry or in the area no further outcrops exist,
where missing parts of a deep-sea fan model are visible.

And since in the quarry Strombauamt not sufficient information is available, except on the
east wall channel system, a classification based on Walker’s fan model (1980) is not

possible.

Besada (1996), Rammel (1989) and Hosch (1985) have already studied the provenance of
the sediments. By studying transport direction, grain size distribution, as well as
mineralogy (especially heavy minerals) and sedimentology they interpreted the sediment
provenance to be from north-northwest. It can thus be interpreted, that the sediments are
derived from the Bohemian Massif. This thesis focused on other subjects, but was also
dealing with the mineralogy and rock composition. On the basis of chemical and
mineralogical evidence within the quarry Strombauamt their interpretation can be
supported. These chemical and mineralogical evidences include, for example, similar
quartz contents (mono-and polycrystalline quartz), occurrence of glauconite and iron

bearing calcite cement.
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5.2 Sandstone Petrology

Under the microscope it can be seen that the samples are well cemented with carbonate
cement (calcite) which fills all former porosity. This tight cementation minimizes the
possibility to store hydrocarbons.

This is obviously not good for the reservoir quality of the formation. Oil and natural gas are
normally reservoired in communicating pores; in the sediments under study, the grains are

tightly cemented together with no apparent pore space.

This is supported by mineralogical and chemical analytical methods (XRD, CL and EMP).
With these methods, the exact composition of the cement and the composition of the
individual mineral grains were determined.

With the result that it is Fe-bearing calcite cement in the collected samples. One reason
for the presence of calcite cement could be the increased occurrence of fossil fragments,

which may partly dissolve lateron during diagenesis.

This can be explained, that the fossils were transported with a turbidity current in the
depth and deposited there. In the thin sections often fossil fragments (such as
foraminifera) could be found. However, the sediments were probably deposited below the
CCD (calcite compensation depth 3000-5000 m, e.g. Faupl, 1996) and only the fast turbidite
sedimentation prevented them from being dissolved.

The cement was formed after the deposition and during the diagenesis of the sandstones.
During the diagenesis process the sediment was compacted after deposition. Acidic pore
waters dissolved the carbonatic cases and fragments, transported the ions in solution, and
carbonate cements were precipitated when

the conditions were favorable (high pH).

With microprobe the chemistry of the
carbonate cement of two samples (GR 78.5
and GRO3) was analyzed. The composition of
58 wt % CaO and more than 1.4 wt % FeO
showed that it is calcite cement with slightly

elevated iron content.

Figure 61 Corroded edge (white arrows) of a

feldspar grain in blue (F), calcite cement in orange

(C) and a quartz grain in brown (Q)
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Thin sections under CL show that the cement (C) begins to corrode individual grains
(white arrows in figure 61). This applies to feldspars (F), but also to quartz components
(Q) (figure 61).

Figure 61 shows feldspar (blue), quartz (black) and in orange the calcite cement, which
fills the former pore space. If these pore spaces had not been filled by cement, it could be
that these samples are good reservoir rocks.

The presence of calcite cement was also demonstrated by Rammel (1989) in the Flysch of
the Vienna Basin. She has found out that there is in addition to calcite cement also
dolomite cement. One reason for the dolomite cement could be that the weathering of Mg-
rich minerals resulted in fluids with an elevated Mg content in the underground.

Since there are results of only two samples for the chemical composition, the results might

not be fully significant.

Also the composition of glauconite was analyzed. According to Odin and Matter (1981),
glauconites are mixed-layer minerals composed of smectite and glauconitic mica. The
results of the chemical composition were plotted in a charge distribution diagram after
Kdster (1977). All samples plot in the glauconite field (figure 52 and figure 53). The stage of
maturation of the glauconite is well developed and compact. This demonstrates that the
composition of the glauconites in the sandstones is evolved (Odin, 1988) and does not
contain expandable smectite anymore.

The glauconite in thin sections has the form of pellets. Glauconite is of marine origin and
is in particularly abundant on the upper slope and outer shelf between 200 and 300 m
water depth (Odin and Matter, 1981). At water depths of more than 500 m, the green grains
are usually interpreted as perigenic being transported downslope (Odin and Fullagar, 1988).

Thus it can be assumed that the glauconites in the sandstones were transported.

To determine the composition of the samples, the point counting method was used. The
aim of this was to compare the composition of both quarry walls, but also with those of
Rammel (1989) from the subsurface of the Vienna basin.

Quartz is the dominant component, as well as glauconite (figure 28).

In the thesis of Rammel (1989) 80 % quartz was counted in a depth of 1187 m.

This correlates well with the quartz content of the outcrop samples (more than 60 %). The
amount of glauconite in the same depth (1187 m) is below 8 %.

In general, the results of Rammel and the results of the outcrop show similar values. The
samples are from the same formation and from the same tectonic unit, which can be

traced into the subsurface of the Vienna Basin.
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Sandstone classification after Folk shows that the outcrop samples and the samples of
Rammel (1989) are quartz arenites. This is because the Folk classification does not
consider components like glauconite. Based on the high content of glauconite in the

outcrop samples they should be classified as glauconite bearing quartz arenite.

Based on OMV information from different wells, where core samples were analyzed, the
Greifenstein Formation in the Vienna Basin is a fractured reservoir. This means that the
hydrocarbons are stored in fractures and not in pore space. This correlates well with the
findings of this study, which show that no porosity is present anymore due to tight

cementation.

77



5.3 Porosity and Permeability

The main question in this work was: ,Are the rocks suitable to store hydrocarbons?*
The answer is: “Generally no, except for the partially elevated porosity values reaching

almost 12 %, which could make it suitable as a gas reservoir.”

Applying two different methods of reservoir property determination it could be shown that
the outcrop samples have poor features for a reservoir rock.

Most results range between 2-8 % porosity. For comparison, a good sandstone reservoir
could have porosities of more than 20 %.

Five samples GR 52, GR 66.7, GRO 1a, GRO 1b and GRO 4 X, have higher porosity
values (8-12 %) (figure 54 and figure 62) which are still quite low.

These higher porosity values are still not suitable for being a good oil reservoir, but

sufficient for the storage of natural gas.

The permeability values of the sample GR 44 to GR 93 range between 4.5 to 6.5 mD,
which are also quite low.

Only three samples (GR 52, GR 66.7 and GRO 1a) show higher permeabilities between
9.04 and 10.01 mD (figure 54 and figure 62). The permeability is positively correlated with

porosity. The three samples with higher porosity values had also higher permeabilites.

Generally, no comparison is possible between the measured porosity and permeability
values and data from the literature in an upper fan. Therefore, the results are excessively
influenced by formation conditions. This is mainly caused by diagenetic effects, which
resulted in a tight cementation of the sediments. Individual channel systems may behave
different, because they may have been independent systems. Different particle sizes and

compositions were found, thus, also different porosity and permeability could be expected.

Usually well sorted sandstones could be a good reservoir for hydrocarbons (Press and
Siever, 2008). As in these rock samples, a strong percentage of calcite cement was visible,

also accordingly the results of porosity and permeability were quite low.

The conclusion of this master thesis is that the outcrop Strombauamt and the Greifenstein
Formation in the subsurface of the Vienna Basin have a very limited potential to reservoir
hydrocarbons. Data from the Vienna Basin show that fracturing can enhance reservoir

properties.
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Figure 62 Porosity vs. Permeability of the different samples — In green the samples of the south wall of the quarry

and in blue the samples of the east wall
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6. Conclusion

The porosities and permeabilities of the sandstone samples collected in the quarry
Strombauamt (Lower Austria) are poor. The dominant pore occluding phase is carbonate
cement. In addition, the sandstone samples are strongly compacted. Due to this, it can be
demonstated, that sandstones of the exposed Greifenstein Formation represent poor
reservoirs for the storage of crude oil and gas. The reservoir properties of analogous

sediments in the subsurface of the Vienna Basin are enhanced by fractures.
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Figure 53 Charge distribution diagram with end-members celadonite, muscovite and
pyrophyllite (modified from Koster, 1977) of the sample GRO3 — In blue the analyses in

the centre (n=8) of the single grains and in green on the rim (N=5) ...........cccccoooooii, 64

Table 4 Chemical distribution (wt %) of the cement in both samples GR 78.5 and GRO 3

Figure 54 Results of the porosity measuring [%]: The blue bar shows the results of the
Pycnometer test and the red one the results of the immersion weighing. The samples
A3(2) to H10 and D3(5) to D5c are samples, which were collected by Besada 1996. It
characterized the profile sequence of the south wall and the west wall from the base (A(3)
respectively GRO1a) to the top (X1 respectiviey GRO 4X) ....ccooeeviiiiiiiiiiiiieeeeeeeeiiin, 67

Figure 55 Bulk density measured with an immersion weighing vs. net density measured

1L = T o) T =Y = P 68

Figure 56 Results of permeability measurements [MD].........cccooiiiiiiiiiiicin, 69

Figure 57 Porosity vs. Permeability of the different samples — In green the samples of the

south wall of the quarry and in blue the samples of the eastwall ................ccccccceeeo 70

Figure 58 Profile of the west wall of the quarry (from Dr. Stephanie Neuhuber) ........... 71

Figure 59 Submarine/deep-sea fan model: Delivery of the sediments from the continent to
the deep sea. Sediments are deposited on the slope or on the basin floor. Fan geometries
develop where the depositional system enters the basin floor. First, coarser components
like conglomerates are deposited. In a more distal position, sandstones are deposited.
Classical turbidites are deposited in the lower fan (after Walker 1980). The red arrow in

the figure shoes, where the deposition of the studied profile could have taken. .......... 72

Figure 60 Channel systems of the east quarry wall ..., 73

Figure 61Corroded edge (white arrows) of a feldspar in blue (F), calcite cement in orange

(C) and a quartz grain in brown (Q) ......covviiiiiiiee 75

85



Figure 62 Porosity vs. Permeability of the different samples — In green the samples of the

south wall of the quarry and in blue the samples of the east wall ............................... 79

86



7.2 Web dictionary

13.02.2012: 12:44 — Picture ,Pycnometer*
http://de.wikipedia.org/w/index.php?title=Datei:Pyknometer.jpg&filetimestamp=20100427213155

14.02.2012: 11:03 — Picture ,Classification after Folk"
http://www.kgs.ku.edu/Publications/OFR/1988/OFR88_22/05_petr.html

17.02.2012: 09:26 — Information about quarry Strombauamt
http://www.igm-dschungeldorf.at/chronik/hhhirschchronik.pdf

22.02.2012: 16:03 — Wikipedia Flyschzone
http://de.wikipedia.org/wiki/Flyschzone

10.03.2012: 10:59 — Geology map about Héflein an der Donau - GBA (Geologischen

Bundesanstalt)
http://geomap.geolba.ac.at/GEO/GEO_main.cfm?Init=false

10.03.2012: 11:00 — Geology from Austria - Rocky Austria

http://www.geologie.ac.at/RockyAustria/geologie_und_landschaft.htm

12.03.2012: 17:27 — Bouma Sequence

http://www.sepmstrata.org/Deepwater/DeepWatClasticSediments.html

17.07.2012: 12:09 — Coordinates of the quarry Strombauamt

http://www.mapcoordinates.net/
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8. Appendix

8 .1 Results of the point counting

Quartz Feldspar Mica
Sample |Poly Quartz Mono Quartz Glauconite Cement Orthoclase Plagioclase = Muscovite Biotite Rock fragments  Fossils Lithology
A3(2) 115 189 63 12 2 0 7 7 4 1 Glauconite-bearing
% 28,7 47,2 15,7 3 0,5 0 1,7 1,7 1 0,2 Quartz arenite
A5(1) 106 189 81 5 2 0 6 4 6 1 Glauconite-bearing
% 26,5 47,2 20,2 1,2 0,5 0 1,5 1 1,5 0,2 Quartz arenite
N4 107 188 79 12 1 0 2 4 7
Conglomerate
% 26,7 47 19,7 3 0,2 0 0,5 1 1,7
H2 85 173 103 21 1 0 4 7 5 1 Glauconite-bearing
% 21,2 43,2 25,7 5,2 0,2 0 1 1,7 1,2 0,2 Quartz arenite
H6 84 166 110 17 2 0 6 8 6 1 Glauconite-bearing
% 21 41,5 27,5 4,2 0,5 0 1,5 2 1,5 0,2 Quartz arenite
H10 105 164 97 9 2 0 9 8 4 2 Glauconite-bearing
% 26,2 41 242 2,2 0,5 0 2,2 2 1 0,5 Quartz arenite
D3(5) 100 187 82 9 3 0 5 5 6 3 Glauconite-bearing
% 25 46,7 20,5 2,2 0,7 0 1,2 1,2 1,5 0,7 Quartz arenite
D5a 100 201 54 33 2 0 3 2 4 1 Glauconite-bearing
% 25 50,2 13,5 8,2 0,5 0 0,7 0,5 1 0,2 Quartz arenite
D5c 98 204 76 8 2 0 6 3 3 0 Glauconite-bearing
% 245 51 19 2 0,5 0 1,5 0,7 0,7 0 Quartz arenite
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GR 44 84 185 49 2 3 0 4 5 6 1
Conglomerate
% 21 46,25 12,25 0,5 0,75 0 1 1,25 1,5 0,25
GR 46 95 205 71 8 1 0 4 5 8 3
Conglomerate
% 23,75 51,25 17,75 0,25 0 1 1,25 2 0,75
GR 51 86 193 96 2 0 0 6 9 6 2 Glauconite-bearing
% 21,5 48,25 24 0,5 0 0 1,5 2,25 1,5 0,5 Quartz arenite
GR 52 69 213 85 4 1 0 9 10 6 3 Glauconite-bearing
% 17,25 53,25 21,25 1 0,25 0 2,25 25 1,5 0,75 Quartz arenite
GR 66,7 92 190 78 14 2 0 1 6 12 5 Glauconite-bearing
% 23 47,5 19,5 3,5 0,5 0 0,25 1,5 3 1,25 Quartz arenite
GR 68 123 165 78 6 0 0 5 12 7 4 Glauconite-bearing
% 30,75 41,25 19,5 1,5 0 0 1,25 3 1,75 1 Quartz arenite
GR 69 102 190 65 18 2 0 7 7 8 1
Conglomerate
% 25,5 47,5 16,25 4,5 0,5 0 1,75 1,75 2 0,25
GR 71,5 75 188 63 58 2 0 4 3 4 3
Conglomerate
% 18,75 47 15,75 14,5 0,5 0 1 0,75 1 0,75
GR 73,5 90 143 67 85 1 0 5 3 3 3 Glauconite-bearing
% 22,50 35,75 16,75 21,25 0,25 0 1,25 0,75 0,75 0,75 Quartz arenite
GR 78,5 89 149 51 97 1 0 4 2 2 5 Glauconite-bearing
% 22,25 37,25 12,75 24,25 0,25 0 1 0,50 0,50 1,25 Quartz arenite
GR 80,5 56 179 53 91 2 0 5 6 3 5 Glauconite-bearing
% 14 44,75 13,25 22,75 0,5 0 1,25 1,5 0,75 1,25 Quartz arenite
GR 83,5 81 138 81 80 1 0 6 5 4 4 Glauconite-bearing
% 20,25 34,5 20,25 20 0,25 0 1,5 1,25 1 1 Quartz arenite
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GR 86 117 160 83 17 1 0 4 5 6 7 Glauconite-bearing
% 29,25 40 20,75 4,25 0,25 0 1 1,25 1,5 1,75 Quartz arenite
GR 93 99 173 101 7 1 0 5 5 3 6 Glauconite-bearing
% 24,75 43,25 25,25 1,75 0,25 0 ,25 1,25 0,75 1,5 Quartz arenite

X1 95 179 91 5 1 0 12 10 5 2 Glauconite-bearing
% 23,7 447 22,7 1,2 0,2 0 3 25 1,2 0,5 Quartz arenite
GRO 1a 79 170 133 1 1 0 4 3 5 4 Glauconite-bearing
% 19,7 42,5 33,2 0,2 0,2 0 1 0,7 1,2 1 Quartz arenite
GRO 1b 88 173 115 2 1 0 4 5 10 2 Glauconite-bearing
% 22 43,25 28,75 0,5 0,25 0 1 1,25 25 0,5 Quartz arenite
GRO 3 64 154 103 58 1 0 4 2 6 8 Glauconite-bearing
% 16 38,5 25,75 14,5 0,25 0 1 0,5 1,5 2 Quartz arenite
GRO 3X 66 176 106 31 1 0 5 4 7 4 Glauconite-bearing
% 16,5 44 26,5 7,75 0,25 0 ,25 1 1,75 1 Quartz arenite
GRO 4X 79 185 103 14 0 0 4 3 8 4 Glauconite-bearing
% 19,75 46,25 25,75 3,5 0 0 1 0,75 2 1 Quartz arenite

95



Sample
A3(2)
A5(1)

N4

H2

H6

H10
GR 44
GR 46
GR 51
GR 52
D3(5)
D5a
D5c

GR 66,7
GR 68
GR 69

GR 71,5

GR 73,5

GR 75,5

GR 78,5

GR 80,5

8.2 Results of the porosity measuring with immersion weighing

Dry mass of the sample [g] Mass of water-saturated body [g] | mass of the body dipped in water [g] Open
24h 48h Average 24h 48h Average 24h 48h Average Bulk density porosity
265,7 265,6 265,65 2721 272,6 272,35 161,1 161,6 161,35 2,39 0,06
344,05 344 344,03 353,8 354,15 353,98 208,05 208,9 208,475 2,36 0,07
3431 3429 343 350 350,1 350,05 212,6 2121 212,35 2,49 0,05
823,5 823,4 823,45 841 8421 841,55 502,8 504,3 503,55 2,44 0,05
507,7 507,8 507,75 5129  512,8 512,85 317,3 317,1 317,2 2,60 0,03
9447 944.8 944,75 966,7 967.,4 967,05 580 579,6 579,8 2,44 0,06
1513,2 1513,1 1513,15 1533,9 1534,6 1534,25 941,6 942 941,8 2,55 0,04
1067,3 1067,2 1067,25 1093,4 1094,5 1093,95 656,3 657,15 656,725 2,44 0,06
1071,55 1071,4 1071,475 1109,6 1110,2 1109,9 652,9 653,8 653,35 2,35 0,08
1047,1  1047,2 1047,15 1083,3 1083,5 1083,4 636,2 639,2 637,7 2,35 0,08
349,7 349,7 349,7 358,1 358,3 358,2 2145 2147 2146 2,44 0,06
164,4 164,5 164,45 167,1 167,1 167,1 102,2 102,7 102,45 2,54 0,04
329,15 329,3 329,225 339,8 339,85 339,825 200,5 2011 200,8 2,37 0,08
964,2 964,2 964,2 997,7  997,9 997,8 586,1 587 586,55 2,34 0,08
1302,1 1302,1 1302,1 1350,8 1351,3 1351,05 803,5 805,3 804,4 2,38 0,09
765,9 765,95 765,925 785 784,5 784,75 471,9 472,1 472 2,45 0,06
403,7 403,6 403,65 410 410,2 410,1 251,9 252 251,95 2,55 0,04
677,5 677,5 677,5 687,2 687 687,1 423,7 424 423,85 2,57 0,04
1104,5 1104,2 1104,35 1126,5 1127 1126,75 685,7 685,7 685,7 2,50 0,05
918,9 918,6 918,75 930,6 930,5 930,55 573,4 573,4 573,4 2,57 0,03
1215,8 1215,7 1215,75 1230,1 1230,1 1230,1 759 759 759 2,58 0,03

%
6,0
6,8
5,1
54
2,6
5,8
3,6
6,1
8,4
8,1
59
4,1
7,6
8,2
9,0
6,0
4,1
3,6
5,1
3,3
3,0
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GR 83,5
GR 86
GR 93
X1
GRO 1a
GRO 1b
GRO 3
GR 3X
GR 4X

1997,8
983,3
2514

252,05
782,8

1837,6

12929
920,7

1805,7

1996,6
983,1
25127
2521
7827
1837,1
1291,8
920,6
1805,6

1997,2
983,2
2513,35
252,075
782,75
1837,35
1292,35
920,65
1805,65

2041,4
1003,8
2566,9
259,7
812,7
1909,8
1300,4
938,9
1900,8

2043,3
1004,2
2567,6
259,65
813,3
1911,2
1301,5
938,7
1901,6

2042,35
1004
2567,25
259,675
813
1910,5
1300,95
938,8
1901,2

1246
612,9
1573,5
154,75
481,2
1129,55
809,25
578,3
1125,9

1246
612,9
1573,5
155,25
481,2
1129,55
809,25
578,4
1126,7

1246
612,9
1573,5
155
481,2
1129,55
809,25
578,35
1126,3

2,51
2,51
2,53
2,41
2,36
2,35
2,63
2,55
2,33

0,06
0,05
0,05
0,07
0,09
0,09
0,02
0,05
0,12

57
53
54
7,3
9,1
9,4
1,7
5,0
12,3
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8.3 Results of the porosity measuring with pycnometer

Sample |Bulk density A B C D Net density | Porosity %
A3(2) 2,39 30,8675 81,5981 34,0765 83,5933 2,64 0,09476 9,5
A5(1) 2,37 30,8675 81,5981 34,2038 83,64865 2,59 0,08857 8,9

N4 2,49 30,8675 81,5981 34,2651 83,6666 2,56 0,02558 2,6
H2 2,44 30,8675 81,5981 34,0292 83,4932 2,50 0,02402 24
H6 2,60 30,8675 81,5981 34,0077 83,5759 2,70 0,03934 3,9
H10 2,44 30,8675 81,5981 35,0938 84,1451 2,52 0,03062 3,1
GR 44 2,55 30,8675 81,5981 35,0926 84,2081 2,62 0,02368 24
GR 46 2,44 30,8675 81,5981 35,1904 84,2394 2,57 0,05047 5,0
GR 51 2,35 30,8675 81,5981 35,2715 84,2956 2,58 0,09060 9,1
GR 52 2,35 30,8675 81,5981 35,0409 84,1919 2,64 0,11075 11,1
D3(5) 2,44 30,8675 81,5981 34,8202 84,0088 2,56 0,04998 5,0
D5a 2,40 30,8675 81,5981 34,2094 83,6282 2,55 0,05793 5,8
D5c 2,37 30,8675 81,5981 34,29085 83,67845 2,55 0,07024 7,0

GR 66,7 2,34 30,8675 81,5981 35,2091 84,2834 2,62 0,10556 10,6
GR 68 2,38 30,8675 81,5981 35,5277 84,4679 2,60 0,08487 8,5
GR 69 2,45 30,8675 81,5981 35,7717 84,6347 2,63 0,06738 6,7

GR 71,5 2,55 30,8675 81,5981 35,0341 84,1933 2,65 0,03741 3,7

GR 73,5 2,57 30,8675 81,5981 35,5782 84,5231 2,64 0,02442 24

GR 75,5 2,50 30,8675 81,5981 35,9923 84,7816 2,64 0,05151 5,2

GR 78,5 2,57 30,8675 81,5981 35,086 84,2135 2,63 0,02243 2,2

GR 80,5 2,58 30,8675 81,5981 35,5666 84,5227 2,65 0,02548 2,5

GR 83,5 2,51 30,8675 81,5981 35,3026 84,3233 2,59 0,03309 3,3
GR 86 2,51 30,8675 81,5981 35,1275 84,2406 2,63 0,04547 4,5
GR 93 2,53 30,8675 81,5981 35,3787 84,4133 2,66 0,04916 4,9

X1 2,41 30,8675 81,5981 34,85625 84,04025 2,58 0,06555 6,6

GRO 1a 2,36 30,8675 81,5981 34,5534 83,888 2,64 0,10651 10,7

GRO 1b 2,35 30,8675 81,5981 35,71 84,6108 2,65 0,11100 11,1

GRO 3 2,63 30,8675 81,5981 35,2831 84,3441 2,64 0,00619 0,6
GR 3X 2,55 30,8675 81,5981 33,2193 83,06238 2,65 0,03611 3,6
GR 4X 2,33 30,8675 81,5981 35,0107 84,1838 2,66 0,12405 12,4

A weight of the pycnometer [0]
B weight of the pycnometer with water (volume) [g/cm3]
C weight of the pycnometer with ground sample [9]
D Weight of the pycnometer with water and ground sample [g/cm?3]
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8.4 Results of the permeability measuring with micropermeameter

Sample Permeability [mD]
GR 44 591
GR 46 5,72
GR 51 6,56
GR 52 9,04
GR 66,7 10,01
GR 68 5,18
GR 69 5,69
GR 71,5 6,02
GR 73,5 5,45
GR 75,5 4,78
GR 78,5 5,20
GR 80,5 5,00
GR 83,5 4,54
GR 86 4,92
GR 93 4,39
GRO 1a 9,88
GRO 1b 5,06




8.5 Results of the XRD method
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GRO 3

8.6 Results of the cement analysis with electron microprobe

DataSet/Point Na20 SiO2 MgO AlO3 K20 CaO MnO FeO
1/1. 0,004 0,03 0,405 0,005 59,231 0,127 1,639
2/1. 0,034 0,053 0,37 0,014 59,158 0,136 1,493
3/1. 0,008 0,014 0,393 0 0,017 60,649 0,148 1,833
4/1. 0,012 0,01 0,457 0,001 0 60,52 0,163 1,837
5/1. 0 0,021 0,447 0,002 0 58,918 0,136 1,764
6/1. 0,064 0,081 0,453 0,024 0 59,625 0,149 1,753
7/1. 0 0,09 0,518 0,015 0 60,114 0,166 1,987
8/1. 0,009 0,053 0,434 0,015 0,012 56,838 0,149 1,837
9/1. 0,125 0,109 0,37 0,005 0 57,624 0,214 1,682
10/1. 0,199 0,103 0,424 0,01 0 59,721 0,172 1,709
1171, 0,103 0,093 0,437 0,003 0,007 59,635 0,146 1,804
12/1. 0,028 0,037 0,458 0,022 0 59,955 0,177 1,827
13/1. 0 0,128 0,376 0,008 0,002 60,574 0,157 1,401
14/1. 0 0,012 0,348 0,037 0 52,636 0,029 0,136
22/1. 0 0,021 0,536 0,069 0,001 58,981 0,182 1,977
23/1. 0,14 0,099 0,438 0,009 0,007 59,31 0,183 1,8
24/1. 0 0,008 0,465 0,007 0,001 58,284 0,128 1,712
25/1. 0,038 0,12 0,376 0,008 0,003 58,812 0,124 1,687
26/1. 0,122 0,033 0,473 0,031 0 57,696 0,115 1,81
27 /1. 0 0,095 0,394 0,083 0,003 58,946 0,076 1,545
28/1. 0,041 0,056 0,442 0,048 0 58,863 0,17 1,749
29/1. 0,08 0,074 0,481 0,081 0,002 58,713 0,102 1,814
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GRO 78.5

30/1. 0 0,481 0,263 0,298 0,026 55,541 0,049 0,65
31/1. 0 0,008 0,498 0,008 0,009 59,833 0,164 1,944
Mean Value Centre 0,03 0,04 0,45 0,02 0,00 59,02 0,15 1,80
Mean Value Rim 0,05 0,07 0,39 0,02 0,00 54,40 0,13 1,56
38/1. 0 0,016 0,527 0 0,004 60,826 0,112 1,688
39/1. 0,039 0,082 0,593 0 0 60,525 0,16 1,866
40/1. 0 0,032 0,378 0,034 0 58,51 0,054 1,286
41/1. 0 0,076 0,343 0,079 0 55,146 0,071 0,989
42/1. 0 0,059 0,323 0,027 0 61,044 0,098 1,313
43/1. 0,003 0,097 0,486 0,001 0 59,78 0,146 1,744
44 /1. 0,062 0,117 0,499 0,047 0 60,105 0,103 1,828
45/1. 0 0,068 0,551 0,009 0,002 59,571 0,133 1,685
46 /1. 0 0,003 0,568 0,052 0 60,062 0,108 1,898
47/1. 0 0,024 0,177 0,017 0,008 53,992 0,087 0,688
48 /1. 0,043 0,07 0,49 0,02 0,002 59,858 0,115 1,799
49/1. 0 0,038 0,392 0,028 0,004 60,776 0,105 1,655
50/1. 0,02 0,133 0,586 0 0 59,242 0,128 1,737
64/1. 0,011 0,031 0,533 0,014 0 57,855 0,145 1,568
65/1. 0 0,025 0,515 0,018 0,002 58,572 0,103 1,492
66/1. 0 0,102 0,545 0 0,009 57,784 0,121 1,581
67/1. 0,019 0,047 0,525 0,023 0,003 59,524 0,078 1,624
68/1. 0,157 0,101 0,356 0,017 0,008 58,526 0,087 1,245
69/1. 0,024 0,024 0,361 0,032 0,014 55,995 0,109 1,091
70/1. 0 0,108 0,564 0,044 0,009 59,59 0,13 1,666
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71/1. 0,02 0,244 0,545 0,026 0,004 60,112 0,127 1,913
72/1. 0 0,023 0,353 0,004 0 53,513 0,068 1,014
73/1. 0 0,049 0,381 0,02 0 58,91 0,097 1,131
74171 0 0,081 0,517 0,009 0,005 58,987 0,101 1,648
75/1. 0,147 0,078 0,503 0 0 59,84 0,126 1,727
76/1. 0,066 0,376 0,528 0,224 0,008 56,858 0,099 1,713
7711. 0,053 0,031 0,268 0,023 0,002 54,123 0,024 0,758
78/1. 0,198 0,103 0,506 0,019 0,005 58,789 0,079 1,542
79/1. 0 0,006 0,327 0,015 0 59,345 0,078 1,279
80/1. 0,285 2,094 0,314 0,01 0 56,898 0,102 1,266
81/1. 0,136 0,032 0,37 0 0 59,185 0,082 1,314
82/1. 0,188 0,169 0,413 0,022 0,01 58,068 0,108 1,542
83/1. 0,183 0,251 0,403 0,12 0,034 57,166 0,08 1,804
84/1. 0,022 0,136 0,568 0,02 0 58,606 0,165 1,612
Mean Value Centre 0,03 0,06 0,43 0,03 0,00 58,56 0,10 1,46
Mean Value Rim 0,08 0,29 0,48 0,04 0,00 58,27 0,11 1,55
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