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ABSTRACT

The provenance of Cenomanian to Eocene flysch deposits
accreted along the northern margin of the Eastern Alps has
been investigated by means of zircon fission-track (FT)
geochronology and zircon morphology. The Rhenodanubian
flysch and Ybbsitz klippen zone comprise several nappes
representing the Main flysch and Laab basins. The Laab
basin received sediments of stable European provenance,
indicated by pre-Variscan, Variscan, and Permian-Triassic
zircon FT ages, and was thus located in the immediate south
of the European margin. The Main flysch basin was supplied

mainly from the evolving Eastern Alps and was therefore
situated south of the Laab basin. Zircon populations with
Permian to Jurassic cooling ages in the Main flysch basin are
related to increased heat fluxes during the break-up of
Pangaea and are probably derived from the northwestern
part of the Eastern Alps. The dominant Cretaceous zircon FT
cooling ages reflect Eoalpine metamorphism in the Austro-
alpine realm.
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Introduction

On the basis of heavy mineral and
sedimentological data, several palaco-
geographical reconstructions for Cre-
taceous—Tertiary times have been
proposed for the Rhenodanubian fly-
sch zone (RDFZ) of the Eastern Alps
(e.g. Hesse, 1973; Frisch, 1979; Egger,
1995; Oberhauser, 1995). Modern
provenance studies use zircon fission-
track (FT) geochronology as a power-
ful tool to define the thermotectonic
evolution and exhumation of the
source area of the sediments (Bran-
don, 1992). Zircon FT ages reflect the
thermal processes of the upper 8 km
during exhumation, owing to a closure
temperature of 240 + 50 °C (Hur-
ford, 1986). The comparison of zircon
ages of ancient sedimentary units with
those of actually exposed rocks in
possible source areas provides infor-
mation about the provenance and
elucidates the palaeogeography.

The aim of the present study is to
demonstrate that zircon FT studies
provide excellent clues for unravelling
the provenance and palaeogeography
of flysch basins in a case study of the
Eastalpine RDFZ.

*Correspondence: Britta Trautwein, Insti-
tut fiir Geologie und Paldontologie, Sig-
wartstr. 10, 72076 Tiibingen, Germany. Tel.:
+49 7071 2974702; fax: +49 7071 5059,
email: britta.trautwein@uni-tuebingen.de
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Geological setting

The RDFZ forms a narrow zone along
the northern front of the Eastern Alps
and is overthrust onto the Molasse
basin and the Bohemian massif (BM)
belonging to stable Europe (Fig. 1).
Parts of the Austroalpine nappe stack
of the Eastern Alps and the BM
consist of amphibolite-facies meta-
morphic rocks and late Palacozoic
granitoids. Both areas were affected
by the Variscan orogeny, post-
Carboniferous unroofing (Hejl ez al.,
1997) and Permian—Jurassic thermo-
tectonic processes resulting from the
disintegration of Pangaea (Ziegler,
1988). Only the Austroalpine units
of the Eastern Alps were involved in
the Eoalpine orogeny which was fol-
lowed by cooling in Cretaceous times
(Fig. 2a,b; Frank et al., 1987; Hoinkes
et al., 1999; Thoéni, 1999). Finally, the
Alps were involved in Tertiary colli-
sion of the Adriatic plate with the
European foreland by closure of the
Penninic ocean. During subduction
and collision, the Rhenodanubian
flysch (RDF) became accreted.

According to the palacogeographic
position of the RDFZ between the
Austroalpine zone and the BM, these
two realms have been proposed as
source areas for the flysch deposits
(e.g. Oberhauser, 1995).

The Penninic RDFZ represents an
Early Cretaceous to early/middle
Eocene turbiditic sequence (Egger,
1992; Schnabel, 1992) (Fig. 2c¢). The

Ybbsitz klippen zone (YKZ) was part
of the Penninic oceanic basement
(Schnabel, 1992) and consists of
Jurassic ophiolites and a Cretaceous
sequence similar to the RDF (Ruttner
and Schnabel, 1988; Decker, 1990;
Schnabel, 1992).

The RDFZ is strongly sliced and
tectonically disrupted. The Main Fly-
sch nappe stretches over 500 km from
the Rhine to the Danube river. For
instance, at the eastern termination
(Wienerwald) the RDFZ is subdivided
into three nappes (Fig. 2a): the Grei-
fenstein nappe, which is the equivalent
of the Main Flysch nappe (Schnabel,
1992), is overlain by the Laab nappe in
the south and the Kahlenberg nappe in
the south-east (Prey, 1983).

Methods

FT geochronology was performed on
21 zircon samples of Cenomanian to
Eocene age of the RDFZ and the YKZ
(Table 1). FT dating on detrital zircons
yields age spectra that give information
about the thermotectonic evolution in
the source area. The age spectra were
decomposed into finite sets of age
populations using the program Binom-
fit (Brandon, 1992), which is based on
the binomial peak-fitting method of
Galbraith and Green (1990).

Results
Modelling of zircon FT age spectra

reveals several zircon FT age popula-
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Fig. 1 Geological map of the Eastern Alps.

tions (Fig. 3, Table 1), which provide
information about the catchment
area. Post-sedimentary thermal over-
print of the zircons can be excluded,
because vitrinite reflectance data reach
max. 0.9% Rr in the Wienerwald
(Gmach, 1999) and 0.7% Rr in the
western RDFZ (Petschick, 1989). The
age cluster show some systematic
change with stratigraphic age of the
sediments but are otherwise uniform
in all units except the Laab nappe.
The youngest cluster becomes gener-
ally more recent with decreasing strati-
graphic age, indicating exhumation of
the source area. However, the trend is
absent in the Laab nappe, which
demands a different explanation.

Cenomanian—Turonian (97-89 Ma)

Uniform zircon FT age populations
of Early Cretaceous and Permian—
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Foreland Helvetic Penninic

. Tertiary basins

Triassic age are characteristic for the
Cenomanian-Turonian  formations
(Fig. 4a), with two exceptions show-
ing a Jurassic and no Cretaceous age
cluster (sample AL14, YB3). The
Early Cretaceous ages are a charac-
teristic of the Austroalpine realm and
reflect the cooling after Cretaceous
Eoalpine metamorphism (Fig. 2a, b).
Thus, a southern catchment area is
assumed for the Reiselsberg Forma-
tion, which is in line with palaeocur-
rent data (Mattern, 1998). Samples
AL4 and YB3 are possibly derived
from those parts of the Austroalpine
basement that experienced no or very
weak Alpine overprint, such as the
northwestern Silvretta and Otztal
basement (Fig. 2a, b; Neubauer e al.,
1999; Thoni, 1999). The Jurassic zir-
con FT age population is interpreted
to reflect heating during rifting and
opening of the Penninic ocean, which

Austroalpine

[158

Southalpine

Tertiary intrusions

affected Austroalpine and South-

Alpine units (von Eynatten, 1996;
Bertotti et al., 1999; Dunkl et al.,
1999; Schuster et al., 1999; Vance,

1999). The Permian—Triassic ages are
related to the Permian—Triassic exten-
sional phase in Europe (Ziegler, 1988)
with enhanced heat flow resetting the
zircon FT system (Bertotti et al., 1999;
Schuster et al., 1999). Therefore, these
ages are not discriminative, but may
indicate both an Alpine and a Euro-
pean source.

Santonian—Campanian (87-74 Ma)

In contrast to continuous trends in the
other nappes (samples OA3, WW4,
WW?7; Fig. 4b, Table 1), the Kaum-
berg Formation (Laab nappe) yields
only zircons of late Jurassic and
Permian FT ages (WWI13, Fig. 4b,
Table 1). Thus, the basin received
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Fig. 2 (a, b) Compilation of mineral cooling ages in the Eastern Alps (see Briigel, 1998). (c) Facies development in the nappes of
the Rhenodanubian flysch zone and the Ybbsitz klippen zone (compilation after Prey, 1973; Schnabel, 1992; Oberhauser, 1995;
Faupl, 1996). A, Altlengbach formation; Amm, Agsbach Member; Gau, Gault Flysch; G, Greifenstein Formation; HMm, Hois
Member; Kau, Kaumberg Formation; Kl, lower Kahlenberg Formation; Ku, upper Kahlenberg Formation; mC, mid-Cretaceous
formations (undifferentiated); N, Neocom Flysch; O, Ofterschwang Formation; R, Reiselsberg Formation; S, Sievering
Formation; YH, Ybbsitz Formation including Hubberg Formation; Z, Zementmergel Formation; ZSt, Zementmergel Formation
including Steinkeller Formation; NP12, NP19, nannoplankton zones.
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Fig. 3 Modelled zircon FT age clusters (age = 1o) using the computer program
Binomfit (Brandon, 1992). Grey bars indicate sedimentation ages. YZK, Ybbsitz

klippen zone.

sediments nearly exclusively from a
non-Alpine source or a source area in
the Alps, which had not been affected
by Eoalpine metamorphism.

Maastrichtian—early Palaeocene
(74-61 Ma)

In Maastrichtian times, the source
areas appear unchanged (Fig. 5a).
The formations of the Main Flysch
and Kahlenberg nappes show age dis-
tributions reflecting the Austroalpine
Eoalpine event. Areas showing the age
cluster around 70-90 Myr were eroded
mainly in Maastrichtian times. The
Palacocene part of the Altlengbach
Formation in the Wienerwald contains
reworked Triassic coal (Sachsenhofer,
pers. comm.), which is known from the
Lunzer Sandstein in the Northern
Calcareous Alps. This supports the
conclusion of an Austroalpine source
for the sandstones of the Main Flysch/
Greifenstein nappe.

Late Palaeocene—early Eocene
(61-45 Ma)

The zircons of the Greifenstein For-
mation suggest a slightly different
history (Fig. 5b). The FT age spec-
trum of sample WW1 is characterized
by clusters around 60 and 250 Myr.
The 60 Myr cluster contains colour-
less, euhedral to subhedral zircons.
The short lag time between FT and
sedimentation age suggests either a
volcanic source or a fastly exhuming
magmatic body. Similar zircon ages of
=~ 58 Myr in early late Palacocene
bentonites of the Swiss Schlieren fly-
sch (Winkler et al., 1990), and the
euhedral shape of the crystals make a
volcanic source most probable. Ben-
tonite layers are also described in the
Rhenodanubian flysch zone near Salz-
burg and in the Northern Calcareous
Alps (Egger, 1995; Egger et al., 1996).
Winkler et al. (1985) suggested an
origin of these ashes in a volcanic
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centre south of the Alpine orogen. It is
assumed herein that the zircons de-
rived from tuffitic material in the
source area (e.g. the Northern Calcar-
eous Alps) or in the flysch basin itself.

The Palaecocene and Eocene rocks
of the Laab nappe show age spectra
which lack the young peak (samples
WWI15, WW11; Fig. 5b). They display
age clusters > 220 Myr.

The southern margin of the BM was
affected by enhanced heat flow during
Permo-Triassic break-up of Pangaea
and crustal thinning in this area. Thus,
the increase of zircon FT ages with
decreasing sedimentation age can, for
instance, be explained by northward
enlargement of the catchment area
into regions that were unaffected by
Permian-Triassic heat flow. The
BM experienced latest Cretaceous—
Palaeogene uplift (Hejl et al., 1997).

Discussion

Using the zircon FT data as proven-
ance indicators, two depositional areas
can be differentiated, which are defined
herein as Main Flysch and Laab realm.
The Main Flysch realm is characterized
by detritus from the Eoalpine orogen,
which underwent Cretaceous cooling
after metamorphism. The Laab realm,
in contrast, did not receive any sedi-
ments reflecting the Eoalpine event;
thus, we argue that their source is in the
BM. These conclusions, based on geo-
chronological data, contrast with cur-
rent ideas (e.g. Faupl, 1996), which
assume three separate basins for the
three different nappes in the Wiener-
wald area. The arguments for a subdi-
vision into three basins are based
mainly on palaeocurrent and heavy
mineral data.

The Rhenodanubian flysch zone
was involved in nappe stacking and
late-collisional tectonic extrusion of
the Eastern Alps (e.g. Ratschbacher
et al., 1991). Therefore, differential

Fig. 4 Arrangement of the source ter-
rains of the Rhenodanubian flysch zone
and the Ybbsitz klippen zone in Ceno-
manian to Campanian times. Plots show
the single zircon fission-track grain ages
in a histogram and the probability den-
sity curve (Hurford et al., 1984) for the
different formations. The white bar
indicates the sedimentation age of each
sample. TT, Tauern terrane.

© 2001 Blackwell Science Ltd

block rotations — as in other parts of
the Eastern Alps (e.g. Marton et al.,
2000) — may have obscured informa-
tion about the original palacocurrent
pattern. The model of a long, narrow
trough with dominantly longitudinal
sedimentary transport (Hesse, 1972) is
not in conflict with the present data.
However, the assumption of an east-
ern and a western source area (Hesse,
1972) appears to be too schematic, as
it is well known from flysch basins
that radial supply is turned into
longitudinal transport in the trough
(Ricci Lucchi, 1985). Sedimentological
investigations of Mattern (1998) indi-
cate that a number of turbidite fan
systems of the Reiselsberg Formation
were supplied from a southern source.

Lithological similarities of the Rei-
selsberg Formation in the Main Fly-
sch nappe and the Kahlenberg nappe
(Egger, 1990) support the assumption
of a continuous basin. Furthermore,
Faupl (1996) found good correspon-
dence of the Kahlenberg Formation
(Kahlenberg nappe) and the Zement-
mergel Formation (Main Flysch/Grei-
fenstein nappe). It is therefore
assumed herein that the Kahlenberg
nappe is derived from the southern
part of the Main Flysch trough. Sim-
ilar correlations with the YKZ suggest
continuity with the Kahlenberg nappe
(Decker, 1990; Egger, 1990; Schnabel,
1992).

The Laab realm is restricted to the
Wienerwald area. According to the
generally old zircon FT age popula-
tions (= Jurassic), a stable source area,
which was not affected by Eoalpine
metamorphism, supplied the Laab
basin over a period of 30 Myr. A
source area in the active Alpine oro-
gen can be excluded, because the parts
with very low-grade Eoalpine over-
print (Silvretta, Fig. 1) were too far
away. The Laab basin is therefore
placed north of the Main Flysch
basin. Sediment supply came from a
northern source area. Undeformed
coalified plant detritus, which is sim-
ilar to Permian—Carboniferous coals
in the BM (Boskowitzer trough, Per-
mian of Zo6bing; Sachsenhofer, pers.
comm.), supports these conclusions.

Conclusions

Two palacogeographic settings, which
fit the geochronological data, are con-
ceivable for the eastern RDFZ.

1 Because the Laab realm did not
receive detritus reflecting the Eoalpine
orogeny, the two realms were separ-
ated by a basement high (Fig. 6a),
called the Rhenodanubian high by
Oberhauser (1995), who first described
such a basin configuration. The ques-
tion arises: is this basement high
represented by the Tauern terrane in
Middle Penninic position? (Frisch,
1979).

2 A basement high is not necessary
to explain the existing geochronolog-
ical dataset. A single basin is conceiv-
able, if the sediments of the Laab
nappe were deposited at the European
margin in less deep water than those
of the Main Flysch nappe (Fig. 6b). A
sediment transfer from the Laab to
the Main Flysch sedimentation area
was therefore possible, but not vice
versa.

The exact position of the Rheno-
danubian flysch zone within the Pen-
ninic realm is still under discussion
(e.g. Frisch, 1979; Egger, 1992; Obe-
rhauser, 1995). Integrating former
ideas and the zircon data presented
herein, four palaeogeographic config-
urations are possible:

1 The Laab realm belongs to the
North Penninic basin and is separated
from the Main Flysch realm, which is
part of the South Penninic ocean (cf.
Oberhauser, 1995), by the Tauern
terrane (e.g. Frisch, 1979) (Fig. 6d).
The North and South Penninic basins
have evolved in Jurassic to Cretaceous
times (Frisch, 1979).

2 The Rhenodanubian flysch was
deposited entirely in the North Penni-
nic realm (Frisch, 1979), and sedimen-
tary supply of zircons from the
Austroalpine zone into the Main Fly-
sch realm occurred through channel
ways east and west of the Tauern
terrane (Fig. 6e).

3 The South Penninic realm was
closed earlier and the North Penninic
basin directly received sediments from
the Austroalpine units from the Ceno-
manian on (Fig. 6c).

4 The subdivision in a North and
South Penninic basin did not exist in
the eastern Alpine area (e.g. Hawkes-
worth et al., 1975; Polino et al., 1990),
and the Rhenodanubian flysch was
deposited in a single basin (Fig. 6b).

According to the data presented
herein, possibility (4) is preferred, be-
cause this basin configuration enables
accretion of the Rhenodanubian flysch
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Fig. 5 Arrangement of the source terrains of the Rhenodanubian flysch zone in Maastrichtian to early Eocene times. Further
explanation as in Fig. 4.
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Austroalpine

Laab basin

(b)
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(c)

European margin )
P Austroalpine

Laab realm Main Flysch realm

North Penninic ocean ot

oceanic crust continental crust sediments

Fig. 6 Palacogeographical reconstructions of the Rhenodanubian flysch basin in Eocene times: (a) the two basins are separated by
a submarine swell; (b) the Laab and Main Flysch depositional areas form a coherent depositional area basin, but due to the higher
position of the Laab realm it does not receive detritus from the Alps.

Position of the Rhenodanubian flysch in the Penninic realm in Cenomanian to Eocene times: (b) The subdivision into a North and
South Penninic ocean in the eastern Alpine area did not exist. The RDF was deposited in a single basin. (c) The RDF is deposited
in the North Penninic realm and received sediments from the Austroalpine units since Cenomanian times owing to earlier closure
of the South Penninic ocean. (d) The Main Flysch basin is situated in the South Penninic realm (SP), and the Laab basin in the
North Penninic realm (NP). (¢) The Rhenodanubian flysch is deposited entirely in the North Penninic realm with input from the
east and west. TT, Tauern terrane.
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before Maastrichtian times (Trautwein
et al., 2000a) and grain supply from
the BM into the Main Flysch basin.
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