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2.4. The Flysch Zone of the Eastern Alps 
Wolfgang SCHNABEL 

The zone along the northern front of the Northern Calcareous Alps, designated as 'Flysch 
Zone', is a comparatively narrow zone. Nevertheless two major Alpine palaeogeographic 
zones (Helveticum and Penninicum) are still preserved in it and are represented mainly by 
sequences from the Lower Cretaceous to the Paleogene. Older (Upper Triassic - early 
Lower Cretaceous) substrata are present in the Klippen Zones (Fig. 2.4.1., 2.4.2.). 
The predominant unit is the East Alpine Flysch ("Rheno-Danubic" or "Rhenodanubian 
Flysch" after OBERHAUSER, 1968; RDF in the following). It is a supergroup of formations 
dominated by flysch facies from the Lower Cretaceous - middle Eocene, widely considered 
to be part of the Penninic realm. It extends from the west-east Alpine border to western 
Lower Austria more or less as one nappe (Main Flysch Nappe). Although admittedly sliced 
and tectonically disturbed, the entire sequence could well have had an average original 
thickness of about 2000 m (EGGER, 1987; BRAUNSTINGL, 1988). 
In the easternmost section (Wienerwald), the Flysch Zone widens and has a more com­
plex structure. It can be divided into three nappes with different facies, the Greifenstein 
Nappe to the north, the Laab Nappe to the south and the Kahlenberg Nappe to the 
southeast. A separate narrow imbricated zone, the 'Northern Zone', occurs at the northern 
edge of the Flysch Zone. 
The second main unit within the narrow Flysch Zone is assigned to the Helvetic System 
sensu lato. On the surface it extends along strike from Switzerland through Vorarlberg and 
Bavaria and can be traced north of the Flysch Zone approximately to the area of Salzburg 
(South Helvetic Zone in Bavaria). It continues in Upper Austria, where it crops out in 
numerous elongated thrust slices ('strip windows') within the Flysch Zone. This northern 
Ultrahelvetic Zone consists chiefly of red and variegated marls and is late Lower 
Cretaceous to Eocene in age (upper slope). Tectonically it underlies the RDF. 
East of the River Enns a new situation arises as the Rheno-Danubic Flysch has almost 
completely overthrust the Ultrahelveticum. In a complicated system of windows, half 
windows and double windows, which even include sequences of the oldest Molasse Basin 
(Inner Alpine Molasse - late Eocene to Oligocene), Helvetic units appear at the surface. 
The Cretaceous-Tertiary sequences here are termed "Buntmergelserie" (Variegated Marl 
Series) and present the southern Ultrahelvetic Zone. The increase in clay-content and 
agglutinated Foraminifera points toward deposition below the calcite compensation level 
on the continental slope. Contrary to the situation in the west, the pre-mid-Cretaceous 
substratum is present here (Gresten Klippen Zone, see below). During the Paleocene and 
Eocene, coarse chaotic sediments occur as a 'Wildflysch'-like facies, possibly derived from 
a marginal basement high. They may have accumulated as debris-flow or rock-fall 
deposits originating from escarpments or as the sedimentary fill of submarine canyons. Its 
most prominent exposure is the exotic granite of the Leopold-von-Buch memorial in 
western Upper Austria. This detrital assembly, and the klippen sequence itself, bear 
compositional similarities to the Bohemian Massif and its sedimentary cover (FAUPL, 
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Fig. 2.4.1.: Tectonics and Facies of the Flysch Zone of the Eastern Alps (Eastern section; 
after ELIAS, SCHNABEL & STRANIKJ990). 
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Fig. 2.4.2.: Stratigraphy of the Flysch Zone of the Eastern Alps (Eastern section; after 
ELIAS, SCHNABEL & STRÄNIK;1990). 
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1975a, 1978), but also display their own individual features (FAUPL & SCHNABEL, 1987, 
WIDDER, 1988). 
Further east, in the area of the Wienerwald, this zone continues into the so-called 
"Hauptklippenzone" (Main Klippen Zone) in the same facies. Nevertheless, here it is no 
longer a window like the Gresten Klippen Zone, but a nappe separator, a suture separating 
two flysch nappes of different facies (the Greifenstein Nappe to the north from the Laab 
Nappe to the south). It is a long and distinct tectonic slice and not a window. 

The Klippen Zones 

The original base of the Rheno-Danubic Flysch (Penninic) and of the Buntmergelserie 
(Ultrahelvetic) is found in the Klippen Zones. These zones consist of Jurassic-Lower 
Cretaceous sequences in their cores. Their younger sedimentary cover consists of 
Buntmergelserie or Flysch. 
Depending upon their tectonic positions, facies, ranges and types of cover, several 
different klippen zones can be identified, of which the Gresten Klippen Zone in the pre-
Alpine area of western Lower Austria, the Hauptklippenzone (Main Klippen Zone) of the 
Wienerwald and the St. Veit Klippen Zone in the western outskirts of Vienna are the well 
known classic klippen zones. New investigations have shown that, to the west, the Ybbsitz 
Klippen Zone, a zone with deep-sea facies in the Jurassic and a cover of flysch, must be 
separated from the Gresten Klippen Zone with characteristic Lower Jurassic coal-bearing, 
shallow-water facies (Gresten facies) and a cover of Buntmergelserie. 
In the Gresten Klippen Zone, two different facies can be distinguished: the Waidhofen 
Facies, with a distinct shallow-water Jurassic facies, and the Scheibbs Facies, with a 
deep-water facies (SCHNABEL, 1983). In this manner a continuous deepening along the 
southern European continental margin is evident (Fig. 2.4.3.). 
Based mainly on their sedimentary cover (either Buntmergelserie or Flysch), the klippen 
zones can be assigned to the main tectonic systems as follows: 
1) Helvetic (Buntmergelserie): Gresten Klippen Zone and Main Klippen Zone and 
2) Penninic (Flysch): Ybbsitz Klippen Zone and St. Veit Klippen Zone. 

The Flysch Successions 

Main Flysch Nappe and Greifenstein Nappe: 

The principal stratigraphic and sedimentological features of the Main Flysch Nappe and 
the Greifenstein Nappe, which is the eastern continuation of the former in the area of the 
Wienerwald, are outlined in Fig. 2.4.4. 
The entire sequence could have had an average thickness of about 2000 m (HESSE, 
1982; PREY in OBERHAUSER, 1980, pp. 191-199). In Bavaria it embraces the late Lower 
Cretaceous to the Maastrichtian; towards the east the sequence becomes increasingly 
younger and extends into the early Eocene (nannoplankton-zone NP12) in the 
Greifenstein Nappe. Recently, a predominantly marly facies of nearly the same age 
(NP11) was established in Upper Austria (EGGER, 1989b). 
There is a considerable lateral change in thickness insofar as lower formations (late Lower 
Cretaceous - Campanian) thin towards the east, whereas the higher ones beginning with 
the Maastrichtian, thicken in the same direction. This corresponds generally with current 
directions, which are predominantly longitudinal parallel to the axis of the elongated basin 
and switch to petrographically different sources (HESSE, 1965, 1982). These directions 
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are from west to east in the Lower Cretaceous (carbonate and quartz-arenite flysch), 
variable in the mid-Cretaceous and again from west to east in the Turonian-Campanian 
Zementmergel Formation (carbonate flysch). In the Maastrichtian-Paleocene (terrigenous 
flysch), current directions are from the east again (Bleicherhorn Formation in Bavaria and 
Altlengbach Formation, the predominant formation in the eastern Austrian sector), and 
heavy-mineral associations are garnet-dominated. In the easternmost section, the 
dominant directions indicate transport from west to east and northwest to southeast, 
beginning with nannoplankton zone NP3, and dominated by heavy-mineral associations 
with zircon/tourmaline/rutile. These results, including the data of coarse-grain analysis of 
the Greifenstein Formation, indicate a source area composed of acid crystalline and 
autochthonous Mesozoic rocks similar to the Bohemian Massif and the basis of the 
Molasse Zone (HÖSCH, 1985; RAMMEL, 1989). 

Fig. 2.4.3.: Paleogeographic position of the Klippen Zones along the Southern European 
Continental Margin (Helvetic domain) into the oceanic basin of the Penninic 
realm (after SCHNABEL, 1992). 

-31 -

©Geol. Bundesanstalt, Wien; download unter www.geologie.ac.at



FOREGS '99 - Dachstein-Hallstatt-Salzkammergut Region 

R h e n о - D a n u b i с F l y s c h ( M a i n N a p p e ) 
D e v e l o p m e n t of F a c i e s f r o m W e s t t o E a s t 

3000-

2500' 

2000 

1500 

1000-

500-

0m 

Wienerwald 
(Greifenstein Nappe) 

NP12 

Vorarlberg(A) 
Allg3u/Bav.(D) 

Upper 
Bavaria(D) 

Salzburg(A) 
Upper+Lower 

Austria 
NP11 

NP3 

£й 
n W 

i ' i - i 
T l T 

:: in 

?• Ю Ч -

. 4 . о . 
о . о . в . о 

о . о . в . 
о . в . о • о 

• (А 

. о . о . о • 
О . D . в . О 

i ° . i G ° ; 
. о . о . о • 
о . о . в . в 

Eocene 

Paleocene 

Upper 

Cretaceous 

i foi f ta$ü| Lower Cretaceous W.Schnabel 1988 

fZ Zementmergel Fm.s.l. 
IG Greifenstein Fm. fR Reiseisberg Fm. 
fF Fanola Fm. fO Ofterschwang Fm. 
IB Bleicherhorn Fm. fg "Gault" Fm. 
fA Altlengbach Fm. fn Neocomian Flysch  

(Tristel Fm.) 

3 Z 

terrigenous flysch predominant 
zircon-dominated heavy minerals 
garnet-dominated heavy minerals 

carbonate flysch predominant 

siliceous flysch predominant 

|д°ддН variegated shales 

Fig. 2.4.4.: Rheno-Danubic Flysch; Main Nappe. Essential features of facies development 
from west to east. It should be mentioned, that particularly in the western part 
(left) the facies also changes from north to south. Arrows indicate predominant 
paleocurrent directions (after SCHNABEL, 1992). 

Laab Nappe (Fig. 2.4.5.): 

In the Laab Nappe a flysch with variegated shales dominates the Upper Cretaceous from 
the Turonian onward (Kaumberg Formation). Current directions from northwest to south­
east suggest an internal basement high within the flysch domain in late Cretaceous time. 
Traces of chrome spinel in the heavy mineral spectra point toward ultramafic rocks 
(FAUPL, 1975). Following a gap, the Laab Formation continues with thick-bedded 
terrigenous flysch in the late Paleocene (Hois Member) and clayey flysch in the Eocene 
(Agsbach Member). Current directions indicate transport from northwest to southeast in 
the Hois Member and from east to west in the Agsbach Member (RINGHOFER, 1976). 
A normal sedimentary transition between the Kaumberg Formation and the Laab 
Formation has not been proven. Considering the different tectonic style and the 
stratigraphic gap, a tectonic contact (overthrust, as argued by FUCHS, 1985) remains a 
possibility, although an assignment of the Kaumberg Formation to the Helvetic realm 
(Buntmergelserie) is not feasible. 
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Fig. 2.4.5.: Rheno-Danubic Flysch; Marginal tectonic units. For legend see Fig. 2.4.4. 
(slightly modified after SCHNABEL, 1992). 

Kahlenberg Nappe (Fig. 2.4.5): 

The Kahlenberg Nappe includes the Klippen Zone of St. Veit, which presumably 
represents the Upper Triassic to early Lower Cretaceous substratum of the flysch 
formations (TOLLMANN, 1963, p. 134; PREY, 1975). The flysch cover comprises 
sequences from the Aptian/Albian up to the Paleocene. The Kahlenberg Nappe is 
extensively dismembered tectonically owing to progressive, possibly gravitational sliding to 
the north over the other flysch nappes (PREY, 1971, 1979). In essence, the older parts 
(Wippen and basal flysch) are accumulated in the south, the younger parts in the north. 
Only the mid-Cretaceous variegated shale formation is present everywhere as a tectonic 
lubricant and is thus the common link, which provides a good reason to consider all these 
dismembered slices as of common origin. 
Apart from its klippen substratum (St. Veit Klippen Zone), the flysch sequence itself begins 
with Aptian/Albian/Cenomanian-Coniacian variegated shales and intercalations of 
sandstone. Owing to the scarcity of marker fossils and the consequent difficulties in 
precise dating, this time span is often referred to as 'Mid-Cretaceous.' The occurrence of 
sporadic picritic volcanic rocks of the same age is worth noting. The Kahlenberg Formation 
(Santonian-Maastrichtian) is a carbonate flysch with transition to terrigenous flysch in the 
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hanging wall. Its palaeocurrents reflect east-west transport. It contains garnet-dominated 
heavy-mineral suites (MÜLLER, 1987); on the other hand, the thick terrigenous turbidites 
of the Maastrichtian Sievering Formation contain acidic crystalline rock fragments and 
zircon-dominated heavy minerals, also coming from the east in the same direction (FAUPL 
etal., 1970). 
Although there is evidence for a separate basin differing from the depositional conditions 
of the other flysch nappes, the sequence of the Kahlenberg Nappe is undoubtedly part of 
the Rheno-Danubic Flysch in its eastern sector and likely to be derived from the southern 
part of the original flysch trough. Tectonically it is the highest nappe, since outliers have 
been proven to overlie the Laab Nappe tectonically (PREY, 1983). 

North(ern) Zone (Fig. 2.4.5.): 

In the eastern sector, the Flysch Zone is bordered in the north by a zone which mainly 
consists of Lower Cretaceous flysch sediments (Wolfpassing Formation). It continues 
towards west, at least to the area of the town of Steyr, highly imbricated and intersliced 
with Helvetic Buntmergelserie (EGGER, 1989a). The 'Neocomian Flysch' in the Haunsberg 
area (Salzburg) could belong to the same zone. An olistostromatic horizon and isolated 
boulders at that locality provide valuable clues to the nature of the basement of the flysch. 
Here at its northernmost rim, these wildflysch-like sediments contain a rock assembly 
similar to that of the European plate at its southern margin (FRASL & FLÜGEL, 1987). 
The presence of serpentinites near the village of Kilb has been noted. These are 
embedded in basal flysch sequences (Aptian/Albian-Cenomanian, [PREY, 1977]). The 
continuity of the Northern Zone along the northern edge of the Flysch Zone clearly shows 
its tectonic independence within the Flysch Zone. It is not part of the Main Flysch Nappe, 
contrary to previous interpretations (see also GRÜN et al., 1972). 
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