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Stop 3 . 1 : Hatschek quarry ( cement plant) near Gmunden 
Topic: Rhenodanubian flysch, Maastrichtian of the Altlengbach formation 

(Ahornleiten member) 

Within  the Altlengbach formation (Maastrichtian - Late Paleocene) , which can reach 
a thickness of approximately 1 500 m, four members can be distinguished: the 
psammitic Roßgraben member at the base, the Ahornleiten member with a Iot of 
calcareous marls, the psammitic Kotgraben member and the Acharting member, 
which is rich in clayey marls. These members represent d ifferent source areas of the 
turbid it ic materia l .  As a general rule we can state that the material of the psammitic 
members was del ivered from the east whereas turbidity currents dominated by 
calcareous material  came from the west. 

1----''1""11 7 

/ / / 
Apt  

Borreme :---

-
Houterive 

/ / / 

p:-;:j B > � I · 
Turbidite facies (MUTTI et al.1975) 

Coarse to medium sandstone 

v�·, · ::: ·lo, +  (2 Mainly complete turbidites (Sand/shale-ratio >1)  

� 02 Mainly base-missing turbidites (sand/shale ratio<1)  

E=::=3 03 Mudturbid ites 

flllllo3+G Mudturbidites and pelagic claystone 

Fig 35 Stratigraphy and facies of the Rhenodanubian Flysch 
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Typical for the Ahornleiten member are grey calcareous marls wh ich represent 
Bouma Td . These layers can reach thicknesses up to Bm. Tagether with sandy to 
si lty hardbeds at their base isolated complete turbidites are up to 1 Om thick. These 
are the thickest turbid ites known from the Rhenodanubian F lysch. Beside of them 
very often incomplete (base missing) layers can be observed . The sand/shale ratio 
is genera l ly low. Accord ing to MUTTI et al 1 975 C2 and 02 are the dominating 
turbid ite facies. 

1 Rossgraben member 
2 Ahornleiten mem ber 
3 Acharting member 
4 Strubach claystone 

Expl anation 

". _ _  rip up clasts 

cross Iamination 

parallel Iamination 

graded bedding 

siltstone 
ma� 

calcareous mart 

ma�y Iimestone 

calcareous sandstone 

claystone 

clayey ma� 

silty ma� 

sandstone 

Fig 36 Detailed sections from part of the members of the Altlengbach formation 
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Stop 3.2:  Rehkogelgraben section S of Hagenmühle 
Topic:  Middle to upper Cretaceous marls of the "Buntmergelserie" (U itrahelvetic) 

The sec t t on of the Reh koge l g raben 
and t t s geog raph t c  pos i t i on 

T U R O N I A N  

? A L B I A N  

1 9 1  L:-C A M P A N I A N  

1 :  2.0 0 0 

.. � 6 6 4  

1 : 2  o.o o 0 

Fig 37 Location of outcrops of the Rehkogelgraben section (from 
KOLLMANN & SUMMESBERGER, 1 982) 
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PREY ( 1 952) has introduced the name "Buntmergelserie" (variegated coloured 
marls) for the pel it ic rocks of the U ltrahelvetic continental slope. These rocks were 
deposited from the Albian to the Eocene. Due to increasing water depths to the 
south the marls were rep laced by claystones and might interfinger with thinbedded 
turbid ites and variegated shales of the Rhenodanubian flysch (EGGER, 1 995). 
Within  the Rhenodanubian flysch a number of tectonic windows with U ltrahelvetic 
rocks exist. Same of these structures are bound to internal overthrusts within  the 
flysch nappe, the rest of them cuts d iagonal ly the flysch units. The Rehkogelgraben 
window (fig. 38 ) belongs to this latter type of structures wh ich were created along 
huge dextral strike-s l ip  fau lts. The age of these faults is  estimated as Ol igocene. l n  
the Miocene ENE-striking s in istral strike-s l ip  faults cut the older NW-striking dextral 
strike-sl ip  fau lts (fig .38) .  These younger fau lts terminate the Rehkogelgraben 
window to the west and to the east (EGGER, 1 996). 

From the narrow road beside the farmhause (fig. 3 =t- ) one can get a good view to 
steeply south-dipping reddish marls and grey marly I imestones of Coniacian to 
Santonian age. The samples ( 1 80 and 1 81 )  from the outcrop at the outer bend of 
the .smal l  creek contained wei l  preserved planktonic foraminifera of Santonian age. 
Marginotruncana coronata (BOLLI) ,  Marginotruncana sinuosa PORTHAUL T, 
Marginotruncana marginata (REUSS), Marginotruncana paraconcavata 
PORTHAUL T and G/obotruncana /apparenti BROTZEN are the most important 
species (RÖGL , 1 982) .The Santonian rocks border tectonical ly to grey marls and 
highly bioturbated spotted marly I imestones of Cenomanian age. Sampie 1 82 
contained only badly preserved and smal l  foraminifera: Hedbergella cf planispira 
(TAPPAN), Hedbergel/a cf delrioensis (CARSEY) and Globigerinel/oides sp . .  l n  
sample 1 85 Biticinel/a breggensis (GANDOLFI) ,  Hedbergella planispira (TAPPAN) ,  
Clavihedbergella subcretacea (TAPPAN) and Globigerinelloides sp. prove the late 
Albian ( RÖGL, 1 982) .  

Just beside of the smal l  road bridge red marls are exposed along the creek. They 
are of early Campanian age (Marginotruncana coronata (BOLLI) ,  Marginotruncana 
marginata (REUSS), Globotruncana lapparenti BROTZEN,  Globotruncana bulloides 
VOGLER; Globotruncana e/evata (BROTZEN) ) .  

Stop 3.3:  Core storage Pettenbach 

Lithostratigraphy of the Molasse basement and the Tertiarv Molasse basin. 
( core # and wel lnames of displayed examples in corehouse of RAG at Pettenbach. 
(HP figure index stands for figure in booklet "Hydrocarbon potential and exploration 
opportun ities") .  

PALAEOZOIC 
l n  the subsurface of Upper Austria, the late Palaeozoic (Permo- Carboniferous ) 
sedi ments are l im ited to graben structures in the south-western margin of Central 
Swel l  Zone which forms the south-eastern extension of the Landshut-Neuötting High 
in Bavaria .  From the l ight grey fluvial sand- and si l tstones with coal seams in the 
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wei l  Hochburg 1 (core#7) were determined by Permo-Carboniferous spores 
(Stephanian-lower Permian; I .  Draxler, pers. commun . ,  1 981 ) .Autochthonous 
Triassie sediments are not preserved below the western Molasse in Austria .  

JURASSIC ( fig .  39, HP fig . 1 2 , p .25 ) 
ln Middle Jurassie (Bathonian-Bajocian) braided fluvial to shal low marine 
sandstones with coal layers of the Gresten Group are the earl iest encountered 
Mesozoic series (Mayersdorf 1 ,  core#1 ) . From Cal lovian through upper 
Jurassie-Malm and into lower Cretaceous, carbonates were produced on the tropical 
shelf along the Bohemian landmass. The Jurassie shelf reached its greatest water 
depth in the west of the craton in Cal lovian in the south-west below the Alps of 
Salzburg . The vert ical section of the carbonates starts with dark brown and l ight 
grey arenaceaus nodular micrits of the Höflein Formation. They contain 
lumachel les, ammonites, belemnites and sponge spicules with abundant chert 
nodu les and grade upward into biostromal l imestones.The dolomitized, leached and 
partly fractured chert nodu les are excel lent oil producers (Haindorf1 , core# 
2) . 0xford ian and Kimmeridgian algal and sponge banks are capped by coral reefs 
and their  debris, surrounded by the high energy environment with ool ites and 
grainstones. The salt lagoon and tidal flat deposits of the "Purbeck" Facies ( from 
Tithon ian to early Berriassian ) consist of thin bedded fine crysta l l ine dolomites, 
cherty l imestones, breccias and stromatol ites ( Oberhofen1 , core# 1 6  ) .  

CRETACEOUS ( fig .  39, HP  fig . 1 2, p .25 ) 
During the Early Cretaceous the area of Salzburg and Upper Austria becam,e 
upl ifted and subjected to erosion and karstification. South of the Central Swel l  Zone 
two pu lses of transgressions in Lower Cretaceous are recorded in one wei l  in Upper 
Austria ( WAGNER, 1 996) and from Bavaria ( LANGE AND PAULUS,  1 97 1 ) .To the 
northeast of the Central Swel l  Zone non fossi l iferous fluvial sandstones, wh ich infi l l  
Jurassie karst, are overlain by  the marine Cenomanian sandstones and shales. The 
Cenomanian sandstones are deposited by storms and reach thicknesses of 1 5  to 70 
metres. ln a complete sequence, the basal beds have a s i l icious cement, whereas 
the middle beds, have calcitic cements. 8oth are characterised by the rhythmical 
successions of thin ly Iaminated storm layers with hummocky cross bedding and 
escape burrows and heavi ly burrowed fa ir weather layers with burrows mainly of the 
ophyomorpha and skol ithos type and from mol luscs ( Bachmanning 1 ,  core#2 &3 ) .  
The upper beds start with a tight, calcareous glauconitic sandstone with red zones 
and spots caused by flushed-in oxid ised clay minerals .  This marker bed is easy to 
identify by the high res istiv ity on Iogs, the large ( up to 4 cm ) thick single quartz 
and feldspar grains and the abundant large Echinoid burrows. The top section is a 
succession of porous and tight calcareous glauconitic sandstones and spicu l it ic 
I imestone nodules and layers. The basal and middle beds were deposited on the 
inner shelf below normal wave base. With the marker bed, the Cretaceous sea 
transgressed further across the massif and most of the preserved upper layers 
represent outer shelf sediments. The maximum dri l led thickness of Cretaceous 
sediments with a stratigraphic range from Cenomanian to Upper Campanian is 800 
metres, O i l  and thermal gas from Mesozoic reservoirs is produced mainly from the 
Cenomanian sandstones. 
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TERTIARY 

EOCENE ( fig .39, tab.4 & 5 ) 

BIOZONES 
Berggren & al. 1 995 

I 
CENTRAL EASTERN 5 0 � ., :;;< <{ 0 AG E PARATETHYS PARATETHYS 

-� .!:! ::> c 
a :s o .!! 

0... <> C.  
STAGES STAGES 

:;;< E � 0 � w .. c c .. ..!.! c  .. � - 0  .. .. a.. u. u z  
• w  - Q z  NN13 _J w ZANCLEAN DACIAN KIMMERIAN 

PL1 5 - a.. u NN12 5.3 1.1 1 4  - w MESSINIAN PONTIAN PONTIAN z - w b NN1 1 u - 0 M 1 3 r � MAEOTIAN 

I a  NN10 - Q) TORTONIAN PANNONIAN 
-ro 

NN9b 1 0 - _J 
I 1 1 .0 z Khersonian ' < · ·· ·· ················ ···· NN9a/8 w ll: - Bess· NN7 z < !;( arabian M 1 1 -- w SARMATIAN (/) ::E  MB u Volhynian NN6 - 0 SERRAVALLIAN 

I 
� Konkian 

M 7  - Q) Karaganian 
'6 BADENIAN 

Tshokrakian 
NNS 

1 5 - "0 . . .. . .. . . ... . . . . . . . . .. . . . .. . . . . . . . . . · · · · · · ·· ·· ·· 

� LANGHIAN TARKHANIAN MS - 1 6.4 
- KARPATIAN M4 NN4 KOTSAKHURIAN - w OTINANGIAN M3 z BURDIGALIAN . . . . . . . 

· · · · · · · · · · · · · · · . . .. . . . .  · · · · · · · · · · ···························· · ······· ·· ·· ·· ········· 
...... �.N� .... - w u EGGENBURGIAN SAKARAULIAN 

20 - 0 
� M2 

- >-
NN2 � - w AQUITANIAN 

M1 k -
23.6 

··· ··t·H·ff" .. 
EGERIAN CAUCASIAN 

25 -
P22 NP25 -

CHATIIAN - w z . . . . . . . . • . . . . 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ··· · ·····- - · · · · · · · · · · · · . . . . . . . . . . . . . . . . . . . . . . ... . l b  - w P21 r-a u ROSHNEAN NP24 - 0 t? 

P20 30 - :::i 
0 

NP23 - RUPELIAN KISCELLIAN SOLENOVIAN P 1 9  - · · · ·· · ·· ·····-·····-····· ··· · · ··· ··· · · ·· . . .... . . - PSHEKIAN P 1 8  
. .  N.P22 

33.7 ··················································· NP21 I- P17 --
35 - P 1 6  NP w z 1 9-20 - w u - 0 PRIABONIAN PRIABONIAN BELOGLINIAN 

P 1 5  w NP18 
Q) 
� _J 

Tab.4 Cenozoic geochronologic and chronostratigraphic correlation (F. RÖGL 1 996). 
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TERTIARY IN THE AUST:RIAN MOLASSE B ASIN 
UPPER AUSTRI.I\ 

IMBR ICATIONS in W S of CENTR. SWELL 

...J UJ I­a: UJ 
> z 
� 

:l �  
:?_ � + UNDACH BEDS 

G LUKASEDT FORMATION Tn; 

E SUbaerial erosion D source rock 
m major submarine erosion -+- reservo i r  rock 
1 1 1  fluvia l , l imnic 

Tab. 5 Tertiary in the Austrian Molasse Basin 

ln the upper Eocene the Tethys Sea progressively encroached across the Mesozoic 
and Crystal l ine fault blocks ( HP fig .7 ,  p. 20 ) . The present Foreland Molasse is only 
a narrow remnant of the orig inal basin. ln late Eocene time, the Central Swel l  Zone 
was the h igh zone which separated the lagoon from the slope to the open marine 
realm ( L .  Wagner, 1 980 ) . The different facies zones ( fig .  32 )started in the north 
with fluvial floodplain white, yel low earth, ol ive green and red clays with roots 
traversed by meandering channels of the l imnic series of the Voitsdorf Formation ( 
Ebersta l lzel l  1 4, core#1 &2 ). They are underlain local ly in graben structures by 
accumulated channel sands of the braided stream system. ln the top section occur 
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loca l ly a l ready strongly bioturbated estuarine channel sands. The fluvial and l imnic 
Voitsdorf Formation was transgressed by upper Eocene in the S and progressively 
younger Ol igocene sediments to the N and NE. The subsiding floodplain is capped 
by a swamp coal bed which is overlain by dark grey, soft shale of the paral ic 
Cerithian Beds ( Eberstal lzel l 1 3 , core# 1 &2). The shales are cut by t idal channels 
and merge into inundated sandflats. F inal ly shal low marine sands of the Ampfing 
Formation were deposited along the shorel ine of the lagoon. The red algae 
(cora l l inaceae ) and coral reefs of the Lithothamnium Limestone are centred on 
top of the Central Swel l  Zone and shed their  debris to the north into the lagoon and 
to the south into the high energy open marine shelf edge. 

sw 
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Fig .  40 Facies cross-section through the Upper Austrian Molasse basin at the Eocene­
Oiigocene boundary 

On the slope, successively deeper environments were developed characterised by 
foramin ifera. A zone with the larger foraminifera nummul ites and d iscocycl ines, is 
fol lowed by sediments deposited on the deeper slope bearing ornamented 
uvigerinas and g lobigerinas. The Discocycl i na I imestone and marl is l imited to the 
southwestern autochthonaus Eocene ( Helmberg1 , core#1 ) and to the Molasse 
lmbrications .O i l  and thermal gas are produced from the fluvial sands of the Voitsdorf 
Formation ,  the tidal channel sands of the Cerith ian beds, the shal low marine sands 
of the Ampfing Formation and from the Lithothamnium Limestone 
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FACIES DISTRIBUTION IN THE OLIGOCENE AND LOWER MIOCENE. 
MODEL FOR THE DEEP MARINE OLIGOCENE-EARL Y MIOCENE BASIN .  

After restering the tectonic units to their orig inal depositional position the 
reconstructed distance at the end of Eocene from the floodplain deposits in the 
north to the more than 3000 m deep Flysch trough was approximately 250 km ( L. 
WAGNER, 1 996 ) .  With the deepening of the Molasse ocean in early O l igocene 
t ime the interactive process between cold deep water currents and the upwel l ing on 
the slope. Warm Iengshore and offshore currents at the surface and a low oxygen 
zone in the middle in medium water depth (J .  PARISH,  1 982 ) was establ ished ( 
fig .41 ) .  

N 

I SHORELINE SHELF SLOPE 

OFFSHORE CURAENT 
-

LOW OXYGEN WATEA 

1 BASIN PLAIN SLOPE 

Sketch of the upwelling model for marine currents and facies, after Parish (1982) & 1\rmentrout (pers. comm.). 

Fig 41 U pwell ing model for marine currents and facies 

s 
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With cold deep oceanwide circulating bottom currents boreal fauna immistated into 
the Molasse sea (L.  DOHMANN ,  1 991 ) from the Kisce l l ian throughout Ol igocene 
into the lower Miocene.The palaeoecological conditions in the Paratethys, with wide 
spread areas with under low oxygen cond itions deposited fish shales from the 
western Alps to the Crimea, are the cause for the occurence of aberrant 
foraminiferal species ( F. RÖGL, 1 994 ). At the same time, a tropical to subtropical 
fauna and flora existed on land and in the surface water of the Molasse basin. 
The bottom currents eroded deeply in front of the north-ward moving Alpine nappe 
system into older sediments. This erosion immediately was fol lowed by rapid 
Sedimentation of gravity deposits and turbidites and reworking of sediments. The 
deepest erosion took place during early Miocene time. 

The gravel in the Ol igocene conglomerates was derived from the Central Alp 
mountains .  The conglomerates contain  crystal l ine, gneiss, gran ite, porphyrite, 
phyl l ite, quartzite, quartz, chert, dark grey and l ight grey and brownish dolomites 
and l imestones. The pebbles were transported across the shelf of the drowned 
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Northern Calcareous Alps and the southern slope, composed of Flysch and 
Helveticum, into the southern Molasse Basin. The Crystal l ine pebbles belonged to 
h i l ls  or a mountain  range which was sitting above the presently outcropping 
Crystal l ine in the Central Alps. Ol istol iths of Helveticum material sl id into the basin. 
They are abundant in the uppermost Molasse lmbrications which were set down at 
the southern edge of the Molasse basin at the foot of the slope. 

OLIGOCENE 

Basin and slopes. 
The cold dense deep marine bottarn currents were forced to deviate from their 
former main flow due to the tectonical ly northward moving slope. Therefore the 
current cuts deeper into the seafloor further to the north. The south s lope as wei l  as 
the north slope were undercut by erosion. Massflows from north and south fi l led the 
lows in periods of less energetic bottarn currents ( L. WAGNER, 1 996 ). 

The "flysch - l ike" Sedimentation in front of the Flysch and Helveticum nappes was 
shifted in the Kiscel l ian to the Molasse trough. The early Kiscel l ian Deutenhausen 
Formation sand turbidites outcrop in the al lochthonaus Molasse in Bavaria.  The 
sandstones are predominantly cemented by calcite and exhibit complete Bouma 
sequences with thin pelitic layers. They contain  besides reworked fauna nanno 
fossi ls  and exclusively agglutinating foraminifera. ln the wei l  Aurach1 ( close to the 
quarry Hatschek, stop 3. 1 ) , approx. 1 00 m of Deutenhausen sandstones were 
encountered i n  the autochthonaus Molasse below the Flysch. 

The Rogatsboden Formation is characterised by calcareous, pel itic and distal 
parts of the turbidites and contourites with dark and l ight grey, micaceous sandstone 
layers, lenses and ripples with deep water foraminifera. Excel lent outcrops with 
slumps and contourites can be studied in the al lochthonaus Molasse of Bavaria e.g. 
in  the riverbeds Ammer ( local ity Scheibum ) and Traun at S iegsdorf ( stop 2.7 ) . 
The term contourite means bottarn currents reworked deposits ( G. SHANMUGAM 
et a l . ,  1 993 ). The terminologies for the gravity driven deep marine sediments -
turbidite, slump and slide - are used in the meaning suggested by SHANMUGAM et 
al ( 1 994 ) . 

The Rogatsboden Formation in the uppermost Molasse imbrications, which have 
been sedimented in the farthest to the south, contains high amounts of massflows of 
almest exclusively Helveticum ol istol iths. ln middle Kiscell ian to early Egerian time, 
the d istal calcareous and pelitic parts of turbidites from the S extent further up on 
the slope of the Bohemian Massif and interfinger with local turbidites from the N in 
the Zupfin g  Formation. The Zupfing Formation consists of pel ites with fish 
remnants and of I imestones with exclusively nanno fossils (nanno blooms) to the S 
and in  the stratigraphic older portions. These sediments are the preserved d istal 
parts of the turbidites from the S, which have not been eroded before the 
sedimentation of the younger Puchkirchen clastics. lntercalated are sl ides and 
s lumps from the northern slope of soft pel ites of the Ebelsberg Formation. The 
sandstones of the turbid ites from the N are accumulated at faults. The axis of the 
deep part of the Molasse basin was shifted to the N by the northward movement of 
the Alpine thrust system. The Zupfing and Ebelsberg Formations became subject to 
i ntensive submarine erosion. 
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Subsequently, with the movement of a sl ice of the Molasse lmbrications and 
erosion, the lows were fi l led by the Egerian to early Eggenburgian sediments of the 
Puchkirchen Formation. The infi l l  of the Puchkirchen Formation is composed of 
more than 80 percent of s l ide and contorted slump material from both sides of the 
basin. S l ides and slumps of Zupfing and Ebelsberg deposits from the N interchange 
with s l ides and slumps of Rogatsboden Formation and by the imbrications upl ifted 
and again moved downslope Puchkirchen sediments and of the new turbidites from 
the S and of contourites. The bottarn currents transported the fine material from the 
mass flows and turbidites in E-W - direction and along the erosional lows in front of 
the Molasse lmbrications and paral le l  to the faults. ln  the resulting muddy and sandy 
all reworked sediments can be recognised in the a lternating laminae. The 
Puchkirchen Formation turbidites comprise micaceous sandstones and 
conglomerates with Bouma sequences. The wei l  rounded pebbles are often coated 
with a black fi lm and reach more than 30 centimetres in d iameter. The matrix of the 
sandstones are angular to subrounded l ithic arenites. The mass flows of l ight and 
dark grey and brown micaceous pelites, s i lts, sands, sandy and muddy 
conglomerates reproduce the l ithology from the active and passive slope. The 
contourites contain the reworked fine grained material of the pel itic, s i lty, sandy and 
conglomeratic s lumps and turbidites ( Friedburg 5,core#6, Friedburg1 3, core#2, 
Sankt Georgen 1 ,  core#1 & 2, Atzbach 23, core#1 , Puchkirchen 23, core#S ) . The 
mierefossil assemblage of the autochthonaus sediments contains only deep water 
agglutinating foraminifera ( in the lower portion: Rhabdammina l inearis ), besides 
intensively reworked fauna from N and S Molasse and Helveticum and excel lent 
preserved single fossi ls from Cretaceous and Eocene The stratigraphic range of the 
Puchkirchen Formation comprises Egerian to early Eggenburgian. 

Al l diagnostic sedimentary structures described from the Ewing Bank in the Gulf of 
Mexico ( G. SHANMUGAM et a l . ,  1 993 ) can be studied in the cored contourite 
sediments. At the core display in Pettenbach are predominantly fine-grained 
thin-bedded to Iaminated sands and si lts in deep-water mud with numerous layers 
per metre and with sharp upper contacts and bottarn contacts, internal erosional 
surfaces, horizontal Iamination and low angle cross-lamination cross-bedding, 
lenticular bedding, starved ripples, mud offshoots, flaser bedding flame structures 
and sand dykes. Also the shale layers in between are predominantely reworked by 
bottarn currents. They are Iaminated or folded ( s lumps ). They are composed of the 
fine material from several d ifferent sl ides and turbidites (Sankt Georgen 1 ,  core#2, 
Atzbach 23, core#1 , Friedburg 5, core#6, Friedburg 1 3, core#2 ) . 

ln late Ol igocene time, Puchkirchen conglomerates, trachy-andesitic volcanic ash 
was recovered in cores from several wel ls .  These ashes are probably related to the 
Ol igocene intrusives along the Periadriatic l ine ( MAIR et al. 1 993 &1 996 ). The 
bentonite beds ( KURZWEIL,  1 973 ) in the Ebelsberg Formation are equivalent to 
volcanic ashes in the Egerian of Hungary and Slovakia. From the rise of the basin  to 
the north and up the slope the sequence of sediments is characterised by the 
upwel l ing system. lt starts with distal turbidites from the south and local turbidites 
from the north, merging into a zone with blooming of nannoplancton, the Kiscel l ian 
"Banded Mari" of the Eggerding Formation ( Eggerding W1 , core#3 ) and the pure 
nanno ooze of the light coloured middle Kiscel l ian Dynow Marlstone, and below the 
low oxygen zone fish shales. The middle Kiscell ian Eggerding Formation is 
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composed of dark grey Iaminated pel ites with thin white layers of nanno plancton ( 
nanno blooms ) and is often tectonized. The banded marl contains breccia of 
submarine reworked l ithothamnium I imestone ( Oberhofen1 , core# 1 2  ) and 
Schsneck Formation and has a high tendency to s l ide ( L. WAGNER, 1 996 ). Some 
layers within  the Eggerd ing Formation yielded simi lar TOC ( total organic content ) 
values as in the Schöneck shales.The early Kiscel l ian Schöneck Formation i s  the 
source rock for the Molasse oi l  and contains phosphorite nodules ( Eberstal lzel l 1 3 , 
core#1 ). The dark grey or brown, shaly, thin-bedded I imestones and shales of the 
early Kiscel l ian Schöneck Formation contain abundant fish remnants and medium to 
deep-water calcareous and agglutinating foraminifera. 

The younger O l igocene black to brown si lty, soft fish shale of the Kiscel l ian and 
Egerian Ebelsberg Formation has local ly interbedded high amounts of d iatomites 
and men i l ites,  stratified and Iaminated nanno blooms. The pel ites are part ia l ly 
bituminous and non calcareous and contain also phosphorite nodules and 
benton ites, abundant fish remnants and agglutinating and rare calcareous 
foraminifera. On the shal low shelf, abundant terrigenaus material was shed into the 
dark grey, s i lty pel ites of the Kiscel l ian and Egerian. Calcareous foraminifera are the 
dominant microfauna in the Eferding Formation. 

At the northern coast is a narrow belt of Kiscel l ian and Egerian shorel ine pel ites 
(Eferding Formation ) and sands of the Linz Formation, paral ic pel ites and 
floodplain and swamp deposits developed ( HP fig .7 ,  p. 20 ). 

M IOCENE - Eggenburg ian 
An Eggenburg ian microfauna was determined in  the upper few hundred metres of 
the Puchkirchen Formation i n  the W ( F.  RÖGL, pers. commun. 1 994 ) .  Above the 
most prominent submarine erosion across the Molasse basin,  a new fauna 
immigrated in the Hall Group from the Indian Ocean ( F. Stein inger & F .  Rögl 1 979, 
F.  Rög l & F. Steininger, 1 983). The oldest deposits of the Hall Group is the 
Lukasedt Formation ( stop 2 .3 ). At the time of the deposition of the overlying Hal l  
Formation the whole Molasse basin was fi l led with l ight grey to green-grey, 
micaceous, sandy pel ites the so-cal led "Hal l  Schl ier", which are the distal parts of 
turbidites and contourites. The centre of the Hal l  basin accumulated the turbiditic 
and contouritic sandstones and sl ides in erosional lows ( Heitzing G5, core#3 ) .  The 
pel it ic caprock of the gas reservoirs contains slumps and coquinas of holoplanctonic 
l iv ing gastropods, the pteropods ( Zel l  am Pettenfirst1 , core# 1 ) .  The pattern of the 
lows is del ineated by the fault-systems. The turbidites and contourites of the Hal l  
Group and the Puchkirchen Formation are the reservoirs for the biogenic gas. 

TECTONIC SETTING 
The Crysta l l ine basement has been stretched in the Mesozoic and early Tertiary to 
the SW and SE and in  the early Ol igocene to the S. From Miocene on it has been 
transpressed, which means compressed and partly pul led apart between strike - s l ip 
systems. The system is relatively locked by the spur of the Bohemian Massif on the 
west flank 

The Bohemian Massif is  d issected by a system of conjugate NW-SE - and 
NE-SW-trending faults and secondary fault systems running approximately N - S 
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and E - W.  The NW- and NE-trend ing fault systems already existed in Palaeozoic 
times ( 8 .  SCHRÖDER, 1 987, WALLBRECHER, E. et al . ,  1 996 ) .  The faults became 
reactivated in early Jurassic, early Cretaceous and early Tertiary. Through these 
periods of tectonic activity the Crystal l ine basement and its cover were pul led apart 
using the old fault p lanes 

During the latest Eocene and earl iest Ol igocene the area of the Central Paratethys 
subsided rapidly to deepwater cond itions. This was accompanied by the 
development of a dense network of WE -trending antithetic and synthetic 
extensional fau lts ( L. WAGNER, 1 996 & 1 997 ) .  The resulting structure of the basin 
paral le l  fault system contain most of the Mesozoic and Tertiary oi l  bearing 
reservoirs. Almost a l l  of the early Ol igocene extensional faults in Upper Austria were 
integrated in the transpressional stress in the Miocene. The sediments were further 
displaced latera l ly e ither to the NW or to the NE along the post Eocene faults. 
Local ly the soft sediment on top of the competent Eocene rock started to overthrust 
at sharp bends in the fault pattern. Through this compression, many of the 
extensional faults became seals. On the other hand the NW- and NE -fault system 
acted in Miocene as drainage for the oi l  migration from below the thrust sheets. 

Oil and gas fields in the Upper Austrian Molasse Foredeep 

By Heinrich Polesny 

The fi rst gas and oil in  present Austria was found in the Upper Austrian Molasse 
Basin ( 1 892 gas in Wels and 1 906 heavy oil in Leoprechting). 8oth d iscoveries 
were accidental ly  encountered by water wel ls  in the shal low northern part of the 
Molasse Foredeep. 

Many years passed by without any other hydrocarbon finds. ln 1 956 RAG (Rohöl -
Aufsuchungs Aktiengesel lschaft) ,  Austrias oldest o i l  company (founded 1 935), 
encountered oi l  by dri l l ing its first exploration wei l  in Upper Austria. The wei l  
Puchkirchen 1 h it o i l  in Eocene sandstones (Cerithian beds) .  

Meanwhi le ,  many oi l  and gas fields have been discovered. The largest o i l  fie ld so 
far is Voitsdorf ( 1 962/63), located a few ki lometres NE of the core Iab Pettenbach . 
Some 40 wel ls have been dri l led in this field, which is a E-W trending monocl ine 
with a major fault in the N .  Erosional processes made a joint reservoir with Eocene 
sandstones (fluvial and marin) overlaying the Cenomanian sandstones (tempestites) 
wh ich rest on Jurassie sandstones. This field is crowned by a gas cap .  3 . 1 MM 
tonnes (23 MM BBL) of oil have been produced in Voitsdorf up to the end of 1 996 . 

The last important oi l  d iscovery was Kemating ( 1 979) where the oi l  is trapped in 
shal low marine Eocene sandstones of a fault block. 

The o i l  fields are control led by faults and the south dipping beds. Sometimes in 
addition the shale-out of the reservoir p layes an important role. 
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The Schöneck F ishshale (early Ol igocene) is the source rock for the Upper Austrian 
O i l .  Generation took place below the Alpine nappes starting in  Miocene. 
The first commercial  gasfind of RAG happened 1 962 (Schwanenstadt 2, in Miocene 
Hal l  Formation) .  Most of the gas (bacterial gas) is found in Ol igocene and Miocene 
coarse clastics (turbiditic sandstones and sandy conglomerates) .  The gas is trapped 
in compaction anticl ines, Stratigraphie traps or in a combination of both. 

ln the last few years prospects in the area of the rather complex imbricated molasse 
have been dr i l led. So far only one significant gas field has been d iscovered in these 
imbricates. 

Several gas fields were found by dri l l i ng deeper oi l  prospects. 

ln most of the deeper horizons there is condensate associated with the biegenie 
gas. 

The largest gas field is Atzbach - Schwanenstadt with gas in the deep marin coarse 
claslics of Puchkirchen Formation and partial ly in Hal l Formation (cumulative 
production to end of 1 996 3.25 B Ncbm( 1 21 BSCF)). 
Thermal gas is found in  the Eastern part of Upper Austria in Upper Cretaceous and 
Eocene sandstones. Same reservoirs contain a mixture of thermal and biegenie gas. 

Since 1 965 OMV has been sucessful ly exploring in parts of Upper Austria.  

Deep prospects S of the Alpine thrustfront encountered only marginal oi l  and gas 
accumulations. 

One wei l  in  the imbricated zone had a good oil influx but due to a later high water 
cut the wei l  was uncommercial .  

The low oi l  price has compel led RAG to concentrate on gas prospects during the 
last 1 1  years. This caused a decl ine in the oil production. The gas sales have been 
suppl ied by new d iscoveries and development dri l l ing. 

Though the big compaction structures have been dril led for many years more 
compl icated, but smal ler, gas accumulations are being found. 

The fault pattern is  important for the occurence of the reservoi rs and the traps. 

The Molasse foredeep of Upper Austria and Salzburg is  the second most important 
hydrocarbon province of Austria. 

At the end of 1 996, RAG had produced 8. 1 MM tonnes (60 MM BBL) of oi l  and 
1 5.8  B Ncbm (588 BSCF) of gas. 

RAG i nsta l lad an underground gas storage in the Puchkirchen gas field (Upper 
Puchkirchen Fm. ) .  S ix horizontal wel ls  (horizontal length in the reservoir > 1 000 m)  
have been dri l led. Another gas storage project is handled by OMV. 
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RAG has dri l led some 600 wel ls in the Molasse Foredeep .The basin is covered by a 
dense grid of 2 D-seismic l ines and relative large area by 3 D- seismic. 

H igh temperatures (> 1 ooo C) and appropriate reservoi r  rocks (karstic Jurassie 
carbonates) offer good geothermal potentia l .  Same geothermal projects are already 
operating partial ly using old RAG wel ls .  Even electric power wi l l  be generated. 
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