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Zusammenfassung:

Am Beispiel der tertiaren Kohleablagerungen in Osterreich werden
die Zusammenhinge zwischen Kohlebildung und marinen Trans- und
Regressionszyklen aufgezeigt. Ferner kénnen mit Hilfe palynologischer
Studien direkte Beziehungen zwischen Kohlebildungsphasen und Klima-
entwicklung aufgezeigt werden.

Im Kinozoikum Osterreichs werden drei tektonisch begriindete
Sedimentationszyklen mit Kohlefiihrung unterschieden:

Gosau Zyklus (Unter-Eozan)

Molasse Zyklus (Ober-Eozin bis Unter-Miozin)

Intramontaner Beckenzyklus (Mittel- bis Unter-Miozin)

Kohlebildungsphasen finden sich: im Untereozin der zentralalpinen
Gosau Formation; im Obereozin des Untergrundes der Molassezone; im
Mitteloligozian und im Untermiozin in nordlichen Buchten und im
Oberoligozin am Westrand der Molassezone. In den intramontanen
Becken fallen die bedeutendsten Kohlebildungsphasen in das Karpatien
und das Mittel- bis Obermiozan. Die mittel- und obermiozinen
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Kohlelagerstitten der Molassezone wurden unter denselben Bedingungen
wie jene in den intramontanen Becken gebildet.

Moglichkeiten fiir eine 6konomische Kohleex(floration in Osterreich
sind nur im Paliogen des Untergrundes am Nordrand des Molassebek-
kens gegeben.

Die im 6sterreichischen Kinozoikum bekannten Kohlebildungspha-
sen stehen im unmittelbaren Zusammenhang mit den weltweit auftreten-
den marinen (transgressiven) Zyklen und korrelieren in diesem Sinn mit
den meisten iibrigen tertiiren Kohlelagerstitten in Europa. Diese
Fallstudie zu den Kohlebildungsphasen in Osterreich konnte als Basis
einer erfolgreichen Untergrund-Kohleexploration dienen.

Abstract

The close relation between coal-accumulation and marine transgres-
sive cycles is demonstrated by the Austrian Tertiary lignite deposits.
Furthermore, palynological investigations show a direct correlation to
climatic conditions.

Three tectonically caused sedimentary cycles with lignite deposition
are distinguished:

Gosau cycle (Early Eocene)
Molasse cycle (Late Eocene to early Miocene)

Intramountain-basin cycle (Middle Miocene to Late Miocene)

Within these cycles important phases of lignite deposition are: the
Early Eocene of the Central Alpine Gosau formation; the Late Eocene in
the subsurface of the Molasse-Zone; the Middle Oligocene and Early
Miocene in the northern bays and Late Oligocene on the western edge of
the Molasse-basin. In the intramountain-basins, the main lignite phases
are located in the Early/Middle-Miocene and Late Miocene. The Middle-
and Late Miocene lignites of the Molasse-Zone are formed under the same
conditions as the lignites in the intramountain-basins.

Possibilities for economic lignite exploration in Austria are given
only in Paleogene deposits of the subsurface of the northern areas of the
Molasse-basin.

The lignite phases known from Austrian Tertiary deposits are related
directly to worldwide marine (transgressive) cycles and can be seen in
connection with most of the other European Tertiary lignite deposits. The
methodology demonstrated that the Austrian case history could serveasa
basic assumption for a successful subsurface coal exploration.

Introduction

The oil crises and concern about future energy resources have caused
a renewed worldwide interest in coal as a main energy source. The
Tertiary lignite deposits are of main interest in this connection, especially
in the northern hemisphere where large reserves are known at present. Up
until now, coal exploration in the Austrian Tertiary has been carried out
only on coal indications cropping out on the surface and by extending
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previously known deposits. Lignite indications as well as smaller and
larger coal seams and measures are widespread in the Tertiary of the
intramountain basins and the Molasse-Zone. These deposits have been
quarried since the middle of the 18th century; most of the mines,
especially those in inneralpine areas, are now closed down.

Overviews and monographic papers concerning Austrian coal
deposits and mines have been published by: KOMITEE ALLGEM.
BERGMANNSTAG (1903), PETRASCHECK (1922-1929; 1937), WEBER &
WEISS (1983) and ZAPFE (1956).

Lignite-exploration research has been supported during the past
several years by the Ministry for Economical Affairs, the Geological
Survey, the States of Austria, the Academy of Sc1ences the Austrian
Science Foundation and the Austrian Coal-Mining Companies (see
FETTWEIS, 1982; THIELE, 1983).

The goal of this study is to test the hypothesis of coal measure
formation in the Austrian Tertiary deposits in relation to marine trans-
and regressive cycles. This would provide a new prospective of lignite
exploration, especially for subsurface coal deposits.

Most lignite deposits were formed in the transition between marine
and continental facies belts. Successful exploration, however, must
initially take all geological features related to basin development into
account. In addition to a tectonical analysis, stratigraphy, paleogeogra-
phic reconstruction, paleoclimatology and facies analyses are important.
Geophysical investigations and deepdrilling should commence only after
these analyses and the relevant geological surface studies have provided a
prognosis on lignitophile phases and possible lignite exploration areas.

These procedures were recommended by LUTTIG (1971, 1977) and
POHL (1981) for successful and economic exploration strategies.

This study was undertaken at the suggestion of Prof. Dr. W. E.
PETRASCHECK, to whom we are very grateful for his support. The
Austrian Academy of Sciences, commission on ,,Grundlagen der Mineral-
Rohstoff-Forschung“ supported this investigation financially under
Project Nr. 4223.

Lignite accumulation, marine cycles, paleogeography and climate

In contrast to the methods normally used (expensive drilling
operations, etc.) to survey the geological situation of sedimentary basis
with possible coal measures the encouragement of LUTTIG (1971, 1977)
proposed the following scientific approach: First of all the possibilities of
coal measure deposition in a given sedimentation area as well as the
possible sequence of lignitophile phases should be clarified. The
accumulation of lignites is apparently directly related to marine
transgressive and regressive phases and tectonics.

AHRENS & al. (1968) already demonstrated a clear relation between
the generation of the lignite deposits in northern Germany and the upper
Oligocene and lower Miocene marine transgression in this area. In the
coal measures of the Lausitz, paralic coal seams are dominant in regressive
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cycles (,Schuttficherrandfloz*); these seams are clearly distinguished
from the epirogenic seam type. Studies of recent peat accumulations in the
Mississipp1 Delta (KOSTERS & al., 1987) showed the largest quantities of
organic, low ash material accumulations in cut off freshwater basins of the
delta; during transgressive events, accretion of organic material (up to
35 %) took place in saltwater marshes.

The significance of large scale tectonic movements in relation to the
formation of intramountain basins and lignite deposition was demonstra-
ted by CECH (1980) for the western Carpathian mountains. NEBERT
(1983 a), in his detailed studies of sedimentary sequences of intramoun-
tain-basins, clearly pointed out that lignite accretion constitutes amember
of the sedimentary cycle. The cycle starts with a fluviatile phase with
coarse material. The raising of the groundwater table transforms the
fluviatile cycle into a limno-fluviatile phase with sand and clay
sedimentation.

This phase is followed by a telematic (peat-forming) phase of lignite
accretion and is terminated by limnic sedimentation of marls or
limestones. The following fluviatile sediments fill up the basin.

A fundamental summary of requirements for lignite formation was
given by LUTTIG (1968, 1971, 1977): initially humid, peat-forming
climatic conditions must cause intense growth of peat or lignite-
generating plant associations. For this process he postulates a rising
groundwater table, a condition which in general is caused in connection
with marine transgressive settings. Furthermore, synchronous tectonic
movements must provide the necessary space in the form of sedimentary
traps or basins. During this process, basin subsidence, the sedimentation
rate and peat accretion, as well as the rise of the groundwater table have to
be in balance for extensive peat accumulation: a high subsidence rate
generates either coarse clastic sedimentation or a rapidly deepening basin
without extensive nearshore marshes.

The prerequisites for possible exploration areas are therefore the
development of a telematic phase — slowly subsiding marshes and coastal
swamps — in the area of labile faultzones or coastal areas under marine
transgressive settings.

A final prerequisite is the conservation of the lignite deposits.
Favourable conditions include slowly subsiding basin margins far from
river mouths and the rapid deposition of sediments on top of the seams.
After the formation and the deposition of coal seams the uplift of the area
or any lowering of the general base level of erosion might result in rapid
destruction of the seams.

These considerations have provided the basis to investigate further
possibilities of lignite accumulation in the Tertiary sedimentary basins of
Austria and to provide new perspectives for lignite exploration. A similar
study concerning Oligocene and Miocene lignite deposition of southeast
Europe and south Asia was published recently by SUJITNO & TAUPITZ
(1985), and TAUPITZ (in press).
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A most important factor for the accumulation of lignite deposits in
Austria 1s the paleogeographic evolution of Europe in Tertiary times.
During the Palaeogene the Austrian sedimentation area covered the
region between the Tethyan-realm and the European epicontinental sea.
The northern border of this sedimentation area — the Helvetic-Zone and
the basement of the Molasse-Zone showed close relations to the European
archipelago up until the Eocene (BALDI, 1986; KRUTSCH & LOTSCH,
1958).

From Oligocene times onwards elongated troughs developed from
the east to the west following the alpine orogene. This caused in time
progressive separation from the open oceans, eventually giving rise to the
Paratethys realm (BALDI, 1986; ROGL & STEININGER 1983; STEININGER
& ROGL, 1979).

A sequence of transgressive and regressive cycles was recognized at
that time troughout the Paratethys. These cycles were in accordance with
and partially caused by the global sea level cycles; they were also
superimposed as well as intensified by regional tectonic processes (HAQ
& al., 1987; ROGL & STEININGER, 1983 ; STEININGER & al., 1986; VAIL &
al., 1979).

With the beginning of the Middle Miocene, intramountain-basins
started to subside in the Central Paratethys. The east-west trending
troughs gradually lost their paleogeographic significance. The deposition
of coal measures in these intramountain-basins indicates strong
interaction with the marine advances.

Two main types of climatic conditions for lignitophile phases can be
distinguished:

(1) worldwide temperature changes of the oceans during Tertiary
time show the following general trends as derived by faunal changes and
the “0/"0 isotopic ratios (e. g.: KENNETT, 1985; MCGOWRAN, 1986;
MILLER & al., 1987; MULLER, 1984; OBERHANSLI, 1986; SAVIN & al.,
1981; VERGNAUD-GRAZZINI. 1984): after reaching a temperature
maximum in the middle Eocene —and a slightly smaller peak in the Middle
Miocene — the temperature tendences fluctuate only slightly, generally
decreasing until the Pleistocene. Remarkable cooler phases are known at
the Eocene/Oligocene boundary, in the upper Oligocene and later Middle
Miocene. Warm phases occur in the Early Miocene and at the beginning of
the Middle Miocene. The Late Miocene and Pliocene are characterized by
fewer changes in isotopic ratios. Beginning in Late Miocene (Messinian)
short but strong oscillations predominate. On the large scale, these
temperature changes depend on plate tectonic situations as well as with
the flow or the interruption of circum-equatorial current systems and the
formation of polar caps (ROGL & STEININGER, 1984; SHAKLETON &
KENNETT, 1975).

(2) Regional changes of continental temperature and humidity ratios
within the circum-Mediterranean area are best documented by pollen-
and leaf-floras and mammal faunas (e. g. BESSEDIK & al., 1984;
HOCHULL 1978; JUNG & MAYR, 1980; KOVAR-EDER, 1987; LOPEZ-



314 FRITZ F. STEININGER et al,

I\;IARTINEZ, 1987; MAI, 1967; STUCHLIK, 1979; SUC, 1984 a, b; WEERD &
al., 1978):

From the Late Eocene to Lower Oligocene a subtropical, humid
climate with no frosts predominates; the thermophilous elements in the
pollen floras decrease steadily from the Oligocene onwards; in the upper
Middle Oligocene the intermediate and arctotertiary pollen elements
increase. In the Late Oligocene, decidious plants predominate; tempera-
ture and humidity decrease.

The beginning of the Miocene is characterized by a renewed
worldwide subtropical warming, followed by a humid cooling phase. The
climatic optimum at the Early/Middle Miocene boundary changes later to
a dry and cooler phase. Only in the Late Miocene is the climate warmer
again, precipitation in the Mediterranean and in middle Europe is already
regionaly differentiated at this time. The salinity crisis (Messinian) of the
Mediterranean results in arid climates in continental Europe.

These regional climatic fluctuations were caused by changing
dimensions of the epicontinental seas and their changing connections to
the open oceans as well as by the uplifts within the Alpine orogene
(SHATILOVA & RAMISHVILI, 1984; TRAVERSE, 1982).

Lignitophile phases in the Austrian Tertiary — a case history

One of the most important prerequisites for coal exploration and
basin analysis are detailed paleontological studies — resulting in strong
facies analysis and biostratigraphies. Most essential is a consolidated
correlation of continental and marine deposits by means of palynology
and mammal faunas.

During the last decade a detailed stratigraphic zonation has been
provided for the Tertiary of Austria; this has even enabled interregional
correlations. A modern litho- and chronostratigraphic compilation of the
Tertiary basins of Austria was given by TOLLMANN (1985). The
stratigraphy (Figs. 2, 3) of this study follows: BALDI (1986), HOCHULI
(1978), MARTINI & MULLER (1986), STEININGER & al. (1987).

Gosau cycle (Early Eocene)
Figure 1

The oldest Tertiary coal deposits are known from the central Alpine
area of the Krappfeld(Sonnberg)-basin in Carinthia. Paleogeographically
these coal seams were deposited on the southern edge of the Gosau-
formation. Marine Late Cretaceous sediments are overlain by Paleocene
continental red clays (,Rote Tone“). During the marine advance of the
Lower Eocene transgression, coal measures are deposited; according to
palynological investigations they are upper Early Eocene (Palaeogene-
Zone 13) 1n age. This transgressive event appears to be correlated in time
with the worldwide Early Eocene transgressive cycle (HAQ & al., 1987).
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Molasse cycle (Late Eocene to Early Miocene)

Figures 1, 2 and 4

The formation of the Molasse-trough in the Late Eocene is
subsequently followed by a gradual advance of the sea across the southern
border of the European continent. Deep drillsites in Upper Austria (e. g.:
Puchkirchen, Hocheck, Kohleck, and Griinau 1) recovered up to 3 metre
thick coal seams intercalated into the basal ,, Limnische Serie“ (WAGNER,
1980). Palynological studies indicate that these deposits belong to
Palaeogene-Zone 18. The small brown coal indication from Alt-
Ruppersdorf, Lower Austria, belongs to the allochthonous Molasse-Zone
(Waschberg-Unit).

Distinct worldwide transgressive events generated the coal measures
from Hiring (Lower Inn valley) in Tyrol. Tectonically these lignites
belong to the parautochthonous Molasse-Zone and are deposited on top
of the nappes of the Northern Calcareous Alps, forming so-called , piggy
back“ basins. Paleogeographically these formations belong to the
southern border of the Molasse-basin. The coal measures are overlain by
the marine ,Zementmergel formation (Nannoplankton-Zone NP 21).

In the lower Middle Oligocene (Palaeogene-Zone 20 a), limnic and
paralic lignite deposition is known from embayments and inlets on the
southern border of the Bohemian Massif. The most important mining
districts are in Lower Austria in the area of Herzogenburg (e. g.
Statzendorf, Klein-Rust, Hausheim, Oberw6lbling) and in the bay of
Krems (e. g. Tiefenfucha, Thallern, Angern). Groundwater drillsites in
the Horn-basin revealed only lignite indications. The abandoned mines of
Starzing and Hagenau are found in an allochthonous position, 1. e.,
transported or thrusted from the south to the north. The pollen floras of
these deposits demonstrate a decrease of thermophilous elements — a
humid and still warm climate can be assumed. All these localities are
situated at the border of a marine advance beginning in Lower Oligocene.

In the upper Middle Oligocene (Palaeogene-Zone 20 b) only a few
small lignite deposits are known from the northern border of the Molasse-
basin (e. g. Mursberg, Kollmitzberg, seams of Zelking). Within the pollen
floras, intermedium and arctotertiary elements increase; this points to
cooler and partly drier climatic conditions.

At the western part of the marine-influenced Molasse-basin in Upper
Bavaria, the relation of lignite formation to marine cycles can be
demonstrated most clearly: distinctive regressive and transgressive seam-
cycles can be distinguished (Fig. 4). Within the lower Egerian, regressive
cycle lignite deposits are known from Kossen (Tyrol) within the
fluviatile-limnic ,,Angerberg“-formation (SCHNABEL & DRAXLER,
1976).

Within the transgressive cycle only few lignite indications can be
recognized on the southern border of the Bohemian Massif (Gallneukir-
chen bay: Obenberg, Zirking, Standorf; Melk area: ,Cyrena“-beds of
Zelking; Herzogenburg area: lignitic marks of Winzing and Eggendorf).
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In terms of palynostratigraphy all these localities belong to Neogene-
Zone 1. Arctotertiary and intermediate froms dominate; this points to the
Oligocene climatic minimum.

The marine faunal elements and pollen floras (Neogene-Zone II)
indicate an Early Miocene warming (uppermost Egerian to lower
Eggenburgian) with subtropical to tropical climatic conditions.

The worldwide transgressive event causes marine advances far across
the tableland of the Bohemian Massif in the Austrian lower Miocene.
Only minor lignite indications are known from the Horn-basin
(Neogene-Zone II).

Lignite deposition occurs again at the culmination of this Early
Miocene transgressive event in the Ottnangian (Neogene-Zone III). The
seams of the Langau-Riegersburg mining district are formed in shallow
tectonic troughs on top of the Bohemian Massif tableland (OBRITZHAU-
SER-TOIFL, 1954; ZAPFE, 1953). In the Upper Austrian Molasse-Zone,
coal indications are found in the form of coal-pebbles (scientific drillsite:
Kemating K 1, Geol. Survey). In Vorarlberg the Wirtatobel-lignites are
intercalated into shallow water sediments of the southern border of the
Molasse-basin. The flora of Neogene-Zone III indicates a more humid
climate, distinctively cooler than in Neogene-Zone II.

Uplifts of the western Molasse-basin finally resulted in the
termination of marine sedimentation as far as St. P6lten at the end of the
Ottnangian. Simultaneously, intramountain-basins are formed by tecto-
nic reorganization throughout the entire Alpine-Carpathian region.

Intramountain-basin cycle (Middle Miocene to Late Miocene)
Figures 1 and 3

At the turn to the Middle Miocene the paleogeography changed due
to tectonic basin evolution. An epicontinental sea covered the central
parts of the Paratethys, stretching from Upper Italy across Slovenia
(»Transtethyan-Trench-Corridor) to Hungary and across Slovakia,
reaching the Molasse-Zone north of the Danube.

In the Styrian basin extensive coal measures formed in limnic-
fluviatile environments at the edge of this Karpatian sea, west of the
»oausal“-swell: The Wies-Eibiswald district (NEBERT, 1983 b) and the
Voitsberg-Koflach district (KLAUS, 1954; POHL, 1976). In the Wies-
Eibiswald district, seams up to 5 metres thick formed in shallow
depressions; in the Voitsberg-Koflach district however, asymmetric
lignite seams arc known in tectonically formed basement-troughs. In the
Early Badenian only minor lignite deposits accumulated in smaller
embayments of the Styrian-basin due to the rapidly extending
transgressive sequence (Stallhofener-Bucht, Passailer-Becken).

The Karpatian/Early Badenian marine transgression caused a
remarkable rise of the groundwater table, which extended into the Central
Alpine area of the Norian depression. In this depression small lignite
basins formed by faulting from Tamsweg in the west, to Fohnsdorf, and in
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the Mur-Miirz-fault zone, and as far as the termination of the Alps in the
east. According to floral evidence and the fresh water fish fauna (pers.
comm. J. GAUDANT, Paris) this area of the Central Alps had a tropical
lowland character, comparable to Southeast Asia today. These paleogra-
phic and climatic conditions prevailed during the far-reaching transgres-
sive event in the lower Badenian. At the present time a biostratigraphic
correlation of the different lignite deposits is only possible by means of
mammal faunas. In the Karpatian the so-called , Hypotherium“-mammal
fauna is characteristic, being replaced in Badenian times by the
»Conohyus“-fauna (MOTTL, 1970; THENIUS, 1960).

The lignites of the Norian depression are of high quality
(approximately 5.000 kcal./kg); today all deposits are nearly depleted.
The most important in Karpatian-time districts were: Fohnsdorf-
Knittelfeld; Seckau-depression; Seegraben; Urgental; Parschlug. In
addition to the mammal faunas, Congeria- and tuff-horizons are the most
important for stratigraphic correlations. Gériach, Ratten and St. Kathrein
belong to the Badenian-time districts.

The Miocene lignite depressions of the eastern border of the Alpsare
the continuation of the Norian depression (NEBERT, 1985; NEBERT & al.,
1983). The occurrences of Brennberg (Brennbergbanya, Hungary), Hart,
Leiding and Thomasberg are of Karpatian age. Tanzegg, Tauchen,
Bubendorf, Ritzing, Wiesfleck and Schauerleiten are of Badenian age.

In a northeastern continuation, subsidence started during Karpatian
time, with lignite accumulation in the area of the Vienna Basin
(Grillenberg, Jauling) and the Korneuburg-Basin (Teiritzberg).

In a similar manner, the Karpatian/Early Badenian transgression
might also have been responsible for the lignite deposits in the Enns-valley
(Wagrain; Stroderzinken) as well as in the upper-Lavant-valley
(Wiesenau). Palynological evidence indicates that the Stoderzinken lignite
— whose stratigraphic age was uncertain — belongs into the subtropical
climatic phase of tﬁe Karpatian. Tectonic uplift has raised this lignite to an
elevation of 1700 metres (TOLLMANN & KRISTAN-TOLLMANN, 1963).

The Lavant-valley-Graben was flooded by the marine transgression
of the lower Badenian; during the upper Badenian regressive phase, small
lignite seams were generated (e. g.: Oppersdorf seams). This marine
transgression also flooded vast areas of the Central Paratethysand reached
the eastern part of the Alpine and the Carpathian Molasse-basin. This
transgression corresponds to the worldwide Middle-Miocene transgres-
sive event.

In the western Molasse-Zone of Upper Austria the same event caused
a remarkable rise of the groundwater table and was responsible for the
deposition of the limnic lignites of Trimmelkam in a shallow depression.
The formation of these younger brown-coal seams of the Molasse-Zone
can be seen in direct connection with the formation of lignite deposits in
the intramountain-basins. The thin seams of Radegund and Munderfing
in the Upper Austrian Molasse-Zone are correlated with a further advance
of the reduced salinity sea of Sarmatian age (CZURDA, 1978).
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South of the Alps this lower Sarmatian advance also triggered lignite
accumulation in the Lavant-valley-Graben (St. Stefan) and in the Graz-
basin (Dellach). During the regressive upper Sarmatian, lignite facies are
known from bays of the Styrian-Basin (Graz- and Weiz-bay; Passail-
Basin) and in the central basin itself (Feldbach district). Age-equivalent
deposits are known from the Klagenfurt-Basin, the ,Rosenbacher
Kohleformation®, and from the Karawanken-foreland (St. Philippen,
Oberloibach, Lobnig). Of climatic interest is the subtropical pollen
spectrum with the occurence of palms (pers. comm. I. DRAXLER).

Only in the Pannonian-Basin and its borderland bays is the lower
Pannonian developed in a transgressiv facies. In Lower Austria the
Pannonian advance extended from the Vienna Basin to Krems. The time-
equivalent Hausruck lignite accumulation, with the mining districts of
Wolfsegg and Thomasroith (CZURDA, 1978; POHL, 1968), seems to
confirm the proposed theoretical correlation between transgressive
events, the rise of the groundwater table, and coal formation. Time-
equivalent lignites are also known from the Weiz and the P6llau bays of
the Styrian-Basin. The lignites of the Fiirstenfeld basin belong to the
Pannonian regressive cycle (e. g., Ilz: Pannonian, Zone C, KOLLMANN
1965).

During Pontian time the Central Paratethys began to dry up and the
Pannonian inland sea disintegrated into larger freshwater lakes. In the
Vienna-Basin extensive lignite deposits formed in slowly subsiding areas
(e. g., Zillingdorf, Sollenau, Rabensburg; Dubnany, C.S.S.R.). At the
border of the Pannonian-Basin similar lignites formed in southern
Burgenland (Holl-Deutschschiitzen, Henndorf-Géllersdorf, Bachselten-
St. Michael); these continue into Hungary (Torony) (NEBERT, 1979).

The Pontian lignites of the Klagenfurt-Basin are formed on top of the
crystalline basement and are overlain by the ,Sattnitzkonglomerat“-
formation (Penken-Turiawald, Stein a. d. Drau).

Conclusions

In general this study confirms the principles of coal accumulation in
relation to marine cycles as proposed by LUTTIG (1968, 1977). The main
coal-forming phase occurs during the transgressive cycle, which causes
the necessary rise of the groundwater table and subsequent growth and
accumulation of peat. The lignite deposits in the Inner Alpine areas and
the Molasse-Zone most clearly demonstrate the far-reaching consequen-
ces of the Middle Miocene transgressive cycle. The required specific set of
simultaneous climatic and tectonic conditions prevailed during this time
period.

Coal accumulation during regressive cycles is of minor importance.
The most important prerequisite in this case is a very slow retreat of the
sea in connection with a very slow fall of the groundwater table so that
intensive erosion cannot take place.
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In the Austrian Tertiary three tectonically caused sedimentary cycles
with coal accumulation can be distinguished:

Gosau cycle (Early Eocene)

Molasse cycle (Late Eocene to Early Miocene) )

Intramountain-basin cycle (Middle Miocene to Late Miocene)

Within these cycles a sequence of lignitophile phases occurs which
are related to the marine advances (Figs. 2, 3). The important phases of
lignite deposition in the Molasse-Zone occur during the Middle
Oligocene (Paleogene Zone 20 a) and Middle Miocene (Lower Badenian
and Lower Pannonian). The Upper Oligocene lignite accumulation is
restricted to the Bavarian part of the Molasse-Zone. The main phases in
the intramountain-basins are within the Early/Middle Miocene (Karpa-
tian/Early Badenian) and the Pontian. _

These main lignite phases are of far-reaching importance in the
European Tertiary deposits; e. g.: lignite deposits in the Oberpfalz
(GREGOR & JUNG, 1977); in the lower Rhine lignite province (HAGER,
1968; SCHULZ, 1962); in north-western Germany (HINSCH, 1'980_); in the
Lausitz area (AHRENS & LOTSCH, 1967) and in the wider Pannonian-area
(RADOCZ & al., 1987).

The present study indicates that only limited possibilities with regard
to economic exploration of lignites exist in the Austrian Tertiary deposits.
According to facies development, paleogeography, as well as the tectonic
setting, lignite deposits not outcropping on the surface can only be
expected at the northern border of the Molasse-Zone in bays of the
Bohemian Massif. Such deposits can only be expected in the advance of
the Palacogene transgressive cycles, since the lower Miocene transgressive
cycles already extended far into the tableland of the Bohemian Massif.
With the exception of the Early Miocene lignite district of Langau-
Riegersburg no further paleogeographic conditions for economic lignite
deposits in this tableland of the Bohemian Massif exist.

The deposits in the intramountain-basins and the bays of the
Pannonian-Basin are more or less known and nearly all exploited.

Figure 1: Schematic structural map of Austria.

. — Crystalline of Bohemian Massif;

. — Helvetic - Flysch- and Klippen-Zones;
. — Penninic-Zone;

. — East Alpine units;

. — Southern Alpine units;

— Tertiary Basins;

. — fault;

. — overthrust.

CON O WU A WN —

Important lignite mines and localities:

1. Kossen

2. Trimmelkam

3. Munderfing

4. Thomasroith, Wolfsegg
5. Puchkirchen (drill-holes)



D O NN

Lignite deposition and marine cycles

. Mursberg

. Langau

. Kollmitzberg
. Thallern

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43,
44,

Statzendorf
Starzing
Altruppersdorf
Rabensburg
Zillingdorf
Sollenau (drill-holes)
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Wiesenau

St. Stefan
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Passeil
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Iz
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Bubendorf
Héll-Deutsch-Schiitzen
Henndorf
Krappfeld (Sonnberg)
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Fig. 2: Lignite-phases and marine cycles in the Tertiary of Austria. Stratigraphy and regional

position of lignite deposits in the Molasse basin.

Fig. 3: Lignite-phases and marine cycles in the Tertiary of Austria. Stratigraphy and regional

position of lignite deposits in the intramountain basins.

Fig. 4: Lignite-phases and marine cycles in the Tertiary of the Western Molasse-basin,

Bavaria (acc. ZOBELEIN, 1962 and GEISSLER, 1975).

1. — continental facies,

2. — brackish facies (productive/non productive),
3. — marine sand facies,

4. — marine clay facies.
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