213

Tectonophysics, 200 (1991) 213-232
Elsevier Science Publishers B.V., Amsterdam

Large-scale strike-slip displacement of the Drauzug
and the Transdanubian Mountains in early Alpine history:
evidence from Permo-Mesozoic facies belts
Thomas Schmidt a, Joachim Blau a and Mikl6s K6zm& b
a Institut fiir Angewandte

Geowissenschaften der Justus Liebig-Universitiit, Fachgebiet Paliiontologie, Diezstrasse 15, D-6300 Giessen,
Germany

’ Eiitviis University, Department of Paleontology, Kun Bt?a t& 2, H-1083 Budapest, Hungary

(Received August 18, 1989; revised version accepted August 14, 1991)

ABSTRACT
Schmidt, T., Blau, J. and Kbzmtr, M., 1991. Large-scale strike-slip displacement of the Drauzug and the Transdanubian
Mountains in early Alpine history: evidence from Permo-Mesozoic facies belts. Tectonophysics, 200: 213-232.
Both the Drauzug (Italy, Austria) and the Transdanubian Mountains (Hungary) show great differences in facies
compared to the geological units that presently surround them, i.e. proximal facies contrast with distal facies in the
Permo-Triassic. Lower Liassic strata in the Drauzug and the Transdanubian Mountains indicate an extensional regime
causing typical structural features such as tilted blocks, fault scarps, and drowned carbonate platforms.
The Permo-Mesozoic facies zones provide markers for the paleogeographic fitting of the Drauzug and the Transdanubian Mountains with areas today lying some 300-400 km to the west: the Drauzug corresponds to the Lombardian basin and
the westernmost part of the Northern Calcareous Alps while the Transdanubian Mountains correspond to the westernmost
part of the Lombardian basin, the Trento platform, and the Belluno trough.
The Drauzug and the Transdanubian Mountains (together with the South Alpine realm) were displaced to the east along
strike-slip faults during the Middle Jurassic to Early Cretaceous opening of the Central Atlantic and Ligurian-Piemont
oceans and the simultaneous subduction of the Vardar ocean at the eastern margin of Apulia. Finally in Late Oligocene and
Miocene times the Southern Alps were displaced back to the west along the dextral Periadriatic fault system.

Introduction
The Drauzug and the Transdanubian Mountains (TDM) belong to the internal parts of the
Alpine-Carpathian
mountain chain created by
the Cenozoic collision of Apulia with Eurasia.
One of the problems of reconstructing the paleogeography of this area is the discontinuity between Permo-Mesozoic isopic zones. Striking examples of this phenomenon are the Drauzug and
the TDM. These mountain
ranges exhibit
Permo-Mesozoic facies, which is inconsistent with
the widely accepted concepts of top to north (e.g.,
Tollmann,
1963) or top to west-northwest
(Ratschbacher,
1986) stacking of Austroalpine
cover nappes, unless a lateral dislocation of the
Drauzug and the TDM is accepted.
0040-1951/91/$05.00

The aim of this paper is to propose a model
that solves the above mentioned problem and
stresses the necessity to distinguish between the
Ligurian-Piemont
and Vardar oceans. The connection of these two oceans is one of the major
reasons for incorrect paleogeographic reconstructions, which originate from inadmissible extrapolation of West Alpine relationships to the east
not considering sufficiently the East Alpine/West
Carpathian facies distributions. Both possible resulting reconstructions of this West Alpine point
of view cannot be accepted: The first model places
the West Carpathian realm onto the northern
margin of Apulia, which raises severe problems in
establishing cross sectional palinspastic restorations (the Alps-Dinarides problem of Laubscher,
1971; 1988); the second places the West Carpa-
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thian realm onto the southern margin of Eurasia
but it is then incorrectly separated from the Austroalpine realm (e.g., Dercourt et al., 1986).
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bottom, consists of the Austroalpine/ West
Carpathian, the Penninic, and the Helvetic units.

General geologic setting
Outline of the paleogeographic and tectonic development of the East Alpine/ West Carpathian
domain

The Eastern Alps are composed of different
crustal units stacked upon each other by southward subduction of the Penninic realm and the
subsequent collision of its Eurasian and African/
Apulian margins. The Penninic oceanic basin was
created after a Liassic rifting phase in the Late
Lias/Dogger (e.g., Triimpy, 1980). The effects of
crustal streching resulted in the breakdown of
Late Triassic carbonate platforms, as shown by
the development of tilted crustal blocks and the
subsidence of halfgrabens controlled by steep
normal faults. Displacement along these faults,
which strike subparallel to the margins of the
later oceanic basin, caused the deposition of major scarp breccias (e.g., Winterer and Bosellini,
1981; Triimpy, 1983; Eberli, 1985; Hausler, 1987).
The Penninic realm is divided into the North
Penninic basin (Valais), the Middle Penninic swell
(Briansonnais), and the South Penninic oceanic
basin (Ligurian-Piemont
ocean). The North and
Middle Penninic areas were part of the distal
Eurasian continental margin south of the Helvetic realm (e.g., Dercourt et al., 1986). To the
east, the North Penninic trough continued into
the Carpathian flysch basin, partly floored by
oceanic crust (e.g., Dercourt et al., 1986). The
Middle Penninic swell can be traced into the
Tatrides of the West Carpathians (Tollmann,
1969). More important, the South Penninic ocean
discontinued east of the East Alpine domain (e.g.,
Tollmann, 1986).
During the Early Cretaceous to Neogene
Alpine orogeny, the southern margin of the Penninic realm, represented by the Austroalpine/
West Carpathian domain, became the upper plate
overriding the Penninic and finally the Helvetic
domain of the Eurasian foreland. As a consequence the resulting nappe pile, from top to

Penninic units outcropping in the tectonic windows of the Central Alps (e.g., Lower Engadine,
Tauern, and Rechnitz windows) prove the allochthony of the Austroalpine domain (Fig. 1).
The Austroalpine unit is divided into the Lower,
Middle, and Upper Austroalpine subunits (Tollmann, 1963). The Lower Austroalpine unit, which
originally bordered the Ligurian-Piemont
ocean,
and the Middle Austroalpine unit consist of
medium grade metamorphic basement nappes
with relicts of Permo-Mesozoic cover sediments
(e.g., Tollmann, 1977).
On the other hand, the Upper Austroalpine
unit comprises nappes of mostly unmetamorphosed Permo-Mesozoic and low grade metamorphic Paleozoic sedimentary rocks. The Northern
Calcareous Alps (NCA) are the most prominent
example of the Upper Austroalpine unit, consisting of a large number of nappes. These can be
grouped into three nappe systems, which are from
north to south and bottom to top: the Bajuvaricum (external), the Tirolicum, and the Juvavicum
(internal). Each of these nappe systems has its
own tectonic style, due to the rheology of the
different Triassic facies (e.g., Tollmann, 1976b).
The Gurktal nappe and the Paleozoic of Graz
represent Upper Austroalpine thrust systems of
low-grade metamorphic
Paleozoic rocks (e.g.,
Tollmann, 1977; Neubauer, 1987; Von Gosen,
1989). On top of the Gurktal nappe, remnants of
its Permo-Mesozoic cover (Krappfeld, St. Paul)
are preserved.
The Upper(?) Austroalpine Engadine Dolomites occupy an uncertain tectonic position in
relation to the NCA. This is controversely discussed between Swiss (e.g., Triimpy, 1980) and
Austrian (e.g., Tollmann, 1977) geologists.
The southernmost part of the Upper Austroalpine unit is represented by the Drauzug. Its
bearing on Alpine geology is the topic of this
paper. To the south, the Austroalpine units are
separated from the Southern Alps by the Peri-
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adriatic Lineament, which itself can be divided
into several fault segments (e.g., Schmid et al.,
1989).
The Lower, Middle, and Upper Austroalpine
units can be traced into the West Carpathians,
whereas the Southern Alps continue into the
Dinarides (Fig. 1). Between the Dinarides and
the Carpathians, the TDM occupy an isolated
position inside the Neogene intra-Carpathian
(Pannonian) basin (e.g., Burchfiel and Royden,
1982). As with the Drauzug, they are considered
to be part of the southern Upper Austroalpine
domain.
Paleogeographic
development
of the
Carpathian realm in the Permo-Triassic

Alpine/

In the late Paleozoic and Triassic the AIpineCarpathian realm was part of Pangaea. From the

east this continental mass was separated by an
embayment of Panthalassa, called Paleo-Tethys
by Laubscher and Bernoulli (1977). This ocean
disappeared later in the Cimmerian-Indosinian
suture zone, due to the northward drift of Gondwanian microcontinents (SengGr, 1979; Dercourt
et al., 1986). This northward drift of Gondwanian
fragments created the space for a new oceanic
domain called Neo-Tethys (Dercourt et al., 1986),
which influenced the Alpine-Carpathian
region
from the southeast (Fig. 2). Throughout the
Permo-Triassic, increasing marine influence from
the southeast is documented in the AlpineCarpathian area, whereas to the west and north,
the occurrence of terrestrial sediments (e.g.,
Alpine Verrucano) and detrital influenced facies
types (e.g., Buntsandstein, Keuper) is evidence of
epicontinental conditions (e.g., Oberhauser, 1980;
Tollmann, 1963, 1986).
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area, is documented by the progression of the
deep water environment (Hallstatt facies) combined with synsedimentary tectonics: it reached
Turkey in the Late Permian, the Dinarides in the
early Anisian, and the Alpine region in the middle to late Anisian (e.g., Bechstadt et al., 1976;
Bechstadt, 1978). This process of crustal thinning
must be distinguished from the total breakup of
Pangaea in the Late Lias and Dogger, which
created the Central Atlantic and LigurianPiemont (South-Pennnic) oceans and influenced
the Austroalpine and South Alpine regions from
both the west and north (Fig. 2).
In the Late Triassic the rifting processes ceased
and a giant carbonate platform expanded over
the formerly rifted areas (“aborted rifting” sensu
Bechstadt et al., 1978). However, in the Hallstatt
zone the deep-water environment persisted and
formed a “gulf-like” embayment of the Vardar
ocean (Kovacs, 1982; 1984; Lein, 1985; 1987; Tollmann, 1987a). The resulting distinct Late Triassic
facies zonation of distal (outer shelf) and proximal (inner shelf) facies types leads to the following paleogeographic
reconstruction
(Fig. 3): a
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shelf slope and base of slope deep water zone
(Hallstatt facies) is rimmed by a belt of Dachstein
reefs and the backreef facies of Dachste~kalk
(Dachstein limestone), and eventually by the restricted inner shelf facies of the Hauptdolomit,
with intercalations of Keuper facies to the north
(e.g., Prey, 1980; Kovacs, 1982, 1984; Lein, 198.5,
1987). The Late Triassic deep water zone of the
Austroalpine (Hallstatt facies) area can be traced
in the north (southern European margin) to the
Inner West Carpathians and farther southeast to
the Transsylvanides of the Inner East Carpathians (Tollmann, 1969, 1984; Kovacs, 1982). In the
south (northern Apulian margin), there was a
deep water connection from the South Alpine
realm to the Inner Dinarides (e.g., Kovacs, 1982).
Whether this Triassic deep water seaway was
associated with real oceanic crust is still in discussion, but it is strongly suggested by the Middle
Triassic radiolarites which interfinger with huge
masses of pillow lavas in the Meliata unit of the
innermost West Carpathians (Kozur and Mock,
19871. Reworked ophiolites at the base of the
overthrusted Silica nappe contain serpentinites,
gabbros, and pillow lavas with an ocean floor
tholeiite affinity (Reti, 1985). Probably these
ophiolites originate from the Meliata unit, which
is supposed to constitute the northwestern prolongation of the Vardar ocean.
We postulate a Triassic Vardar ocean (at least
an area with very thinned continental crust) which
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reached between the Austroalpine-West
Carpathian and the South Alpine realms (cf. Lein,
1985, 1987). This ocean was not connected with
the later Ligurian-Piemont
(South-Penninic)
ocean, for reasons which will be shown later.

Contrasts in Permo-Triassic isopic zones between
Drauzug, Trans~anubian ~oun~ins, and related
geological units
The Late Permian and Late Triassic sedimentary record provides good examples for the problem stated in the introduction (e.g., Bechstadt,
1978; Niedermayr et al., 1978; Tollmann, 1978;
Prey, 1980; Kovacs, 1982, 1984; Dercourt et al.,
1984). In the Southern Alps, the marine facies of
the Bellerophon beds reaches from the east into
the area of Bozen. West of Bozen, the Late
Permian sediments are terrestrial (e.g., Assereto
et al., 1973; Buggisch et al., 1978).
In the NCA the original internal areas
(Juvavicum and parts of Tirolicum) accommodated the evaporites of the Haselgebirge. In the
external areas (Tirolicum, Bajuvaricum), terrestrial red bed sediments were deposited (e.g., Tollmann, 1976a, 198.51.In contrast, the Drauzug and
the western TDM were the site of terrestrial red
bed sedimentation (e.g., Niedermayr et al., 1978).
Only in the eastern parts of the TDM marine
influence is documented
by evaporites and

v 7 Lbzhstrin reefs

a

Fig. 4. Distribution of the Late Triassic (Norianf facies zones in the spine-Pannonian
region. Drauzug and Transdanub~an
Mountains appear as exotic. The boundary between Hauptdolomit (in& dolomitic Lofer cyclothems in the Bakony) (Haas, 1988)
and Dachsteinkalk in the Transdanubian Mountains is displaced 450 km to the east. Modified after Prey (1980). G = Gailtal line (is
a part of PA), PA = Periadriatic lineament. Dashed lines: connection of faults according to KBzmer and Kovics (1985).
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dolomites (e.g., Majoros, 1980, 1983; K&m& and
KovBcs, 1985).
We conclude that the Drauzug and the western TDM, with their terrestrial facies, do not fit
in the surrounding pattern of the Late Permian
marine sedimentation.
The Late Triassic facies zonation (Fig. 3) is
presently reflected in the nappe pile of the NCA.
The original internal Hallstatt and Dachsteinkalk
facies is represented
by the highest nappes
(Juvavicum), whereas the more external areas of
the Dachsteinkalk and Hauptdolomit facies are
occupied by the Tirolicum, and eventually the
most external areas of exclusively HauptdoIom~t
facies by the Bajuvaricum (Fig. 4). It has to be
reminded that this is a simplified outline of the
more complicated internal facies distribution of
the NCA (detailed information in Tolimann,
1976b; 1985).
In the Southern Alps, these transitions from
distal to proximal facies regions are developed in
an east-west direction: Hallstatt-type limestones
and Dachstein reefs in northwest Jugoslavia
(Wochein), Dachsteinkalk to the west, and finally
Hauptdolomit (Dolomia principale) to the west of
the meridian of Udine (e.g., RamovS, 1974; Prey,
1980).
The Drauzug, however, shows exclusiveiy
Hauptdolomit facies. Even the western parts of
the TDM are developed in Hauptdolomit facies.
In the eastern parts of the TDM, Dachsteinkalk
and Hallstatt-type
limestones with debris of
Dachstein reefs have been found (Kozur and
Mostler, 1973; KhzmCr and KOV~CS,1985; K&zm&r,
1986). Again the Drauzug and the western TDM
with their proximal facies-types appear as an exotic block in their present day framewdrk (Fig. 4).
The Triassic of Krappfeld and St. Paul on top
of the Gurktal nappe is also developed in Hauptdolomit facies, which in addition to other affinities was the reason for Tollmann (1977) to see it
as a unit with the Drauzug. This facies unit was
named Licicum and is considered as the southernmost part of the Upper Austroalpine (Tollmann, 1977) domain.
In summary we conclude that the Permo-Triassic sedimentary record of the Drauzug (including Krappfeld and St. Paul) and of the western

I I Al

TDM shows a proximal facies character and does
not fit to the distal facies zones of the surrounding Alpine and Carpathian areas. Drauzug and
TDM show close affinities to the more western
parts of the Alpine realm.
Early Liassic rifting related facies differentiation
of the Transdanubian Mountains and the Drauzug
Transdanubian Mountains

The Early Liassic sedimentary record of the
TDM documents the disintegration of the Late
Triassic carbonate platform and allows to distinguish three different facies zones. These are from
east to west: the Gerecse platform, the Bakony
platform, and the Zala basin (K&m&, 1987).
The Gerecse platform is characterized by red
limestones of reduced thickness which paraconformably overlie the Rhaethian Dachsteinkalk.
The uppermost part of the Dachsteinkalk is missing. The drowning of the Late Triassic carbonate
platform occurred between the Rhaetian and
middle Hettangian (K&zmCr, 1987). Contrary to
K&m&r (l.c.), we here prefer the term platform
because the sediments represent rather the environment of a drowned carbonate platform than
of a basin in Liassic times.
To the west, on the Bakony platform, the
carbonate platform development was not interrupted at the Triassic/Jurassic
boundary, but
persisted until the late Hettangian. This is documented by shallow-water
oncoid limestones
(Kardosret ‘limestone).
Subsurface data from the Zala basin reveal a
complex internal structure. Local highs in Early
Liassic time (e.g., Szilv6gy) are characterized by
shallow-water oncoid limestones, troughs between the highs contain thick sequences of black
marls deposited in restricted enviroments (for
more information see K&m&, 1986, 1987).
Drauzug

The Drauzug is divided into the Nordkarawanken, the Gailtaler Alpen, and the Lienzer Dolomiten (from east to west). West of the
Lienzer Dolomiten several isolated slices of
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Mesozoic sediments, such as the Wirmebacher
Kalkzug, belong to the Drauzug (Furlani, 1912;
Tollmann, 1977; Hippenstiel, 1985). During the
Lias, the Nordkarawanken were characterized by
reduced sedimentation of red biosparitic limestones (Hierlatzkalk),
interfingering
with red
nodular limestones (Adneter Kalk) (Schroder,
1988). They are interpreted as a drowned carbonate platform.
Whereas no Jurassic sediments are preserved
in the Gailtaler Alpen, Early Liassic sediments of
the Lienzer Dolomiten indicate two troughs filled
with hemipelagic basin sediments. These are separated by a presently N-S striking swell with
shallow-water limestones (Fig. 5) (Blau and
Schmidt, 1988). The sedimentary record is the
result of two westward tilted crustal blocks. The
synsedimentary fault scar-p, which bordered the
do~thrown
western part of the eastern block,
shed megabreccias into the eastern trough. The
sediments deposited on the western block reflect
a gradual deepening of the trough to the west.
The upthrown eastern part of the block was affected by synsedimenta~
faulting, which produced in situ brecciation of the shallow-water
limestones (Lavanter Breccie) and neptunic dykes
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in the underlying Oberrhgtkalk. These were filled
with Early Liassic red biomicritic limestones
(Blau, 1987a, b). The effects of faulting disappear
towards the west, where the breccia passes into
variegated limestones (Bunte Kalke) and eventually Liasfleckenmergel (Allgauschichten), thickening towards the west.
Liassie facies relations between Drauzug, Transdanubian Mountains, and other Alpine units
Relations between Drauzug and Austroalpine units

Like the Drauzug and the TDM, other parts of
the Alpine realm were affected by active rifting
processes in Liassic times. As a consequence, the
Late Triassic spacious arrangement of facies zones
was destroyed and replaced by a highly differentiated facies pattern.
The NCA are characterized by Liasfleckenmerge1 basin(s), which can be divided into several
troughs by long E-W trending intra-basinal swells
on which red crinoidal limestones (Hierlatzkalk)
and red nodular limestones (Adneter Kalkf were
deposited (Jacobshagen, 1965; Tollmann, 1976a).
Difficulties are raised, when one attempts to re-
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Fig. 5. Paleogeography of the Lienzer Dolomiten in the Early Lias. It shows the typical situation of two tilted blocks which created
a today N-S striking horst/halfgraben structure. The Stadelwiese represents the western part of the westward tilted eastern block.
It is bordered to the west by a Liassic fault scarp with a displacement of at least Zoo0 m. From the western block megabreccias
poured into the basin of the Stadelwiese. The Lavanter Breccie of the Himperlahn area marks the upthrown eastern part of the
western block. In situ brecciation occurred on minor faults presumably parallel to the main fault of the Stadelwiese. To the west
the Lienz trough deepens gradually, documented by the increasing thickness of Liasfleckenmergel (compare with Fig. 6).
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late the Liassic sediments to their former neighbouring depositional areas. In particular, the absence of accurately determined proximal and distal facies zones complicates a paleogeographic
reconstruction.
As these facies relationships are not sufficiently clear, palinspastic reconstructions must be
based on other criteria, as could be provided by
synsedimentary tectonics and the trend of major
structural features.

\
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The complex primary situation (Liassic) is further complicated by the later Alpine orogeny. It
is likely that many of the Liassic extensional
faults became transformed into thrust planes or
strike-slip faults (e.g., Dewey et al., 1986; Tricart
and Lemoine, 1986). Additionally, different parts
of the NCA have been rotated in opposite directions as is evident from paleomagnetic investigations (Mauritsch and Becke, 1987; Heller et al,
1989). Under these circumstances it is problem-
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Fig. 6. Paleogeographic reconstruction of the Early Liassic South Alpine realm and its northern prolongation. After shifting back
the Drauzug and the Transdanubian Mountains to their proposed original position a good correlation of facies and structural
elements is given. The today N-S striking swell/halfgraben structure of the Lienzer Dolomiten fits to the western part of the
Lombardian basin which shows the same facies association. The Karawanken-high and the highs of the Zala basin represent
isolated elevations in the eastern part of the Lombardian basin. The Bakony platform appears as the northern prolongation of the
Trento platform with its typical shallow-water carbonates. Modified after Winterer and Bosellini (1981). (BZ = Bozen, TR = Trieste,
TN = Trento, I/E = Venice, I/R = Verona).
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atic to use the Liassic sedimentological and structural pattern of the NCA for palinspastic reconstructions.
The Upper(?) Austroalpine Engadiner Dolomiten show a structural and sedimentary record
closely resembling that of the Lienzer Dolomiten:
a presently N-S striking swell and halfgraben
configuration with eastward dipping fault scarps,
in situ brecciated shallow-water limestones on the
swells, and Lower Liassic scarp breccias in the
basins (Eberli, 1985). In the Lower Austroalpine
realm of this area (e.g., Err nappe) sedimentological and stratigraphic data indicate Late Liassic to
Dogger rifting activity with westward (i.e. oceanward) dipping fault scarps (e.g., Froitzheim and
Eberli, 1990). The authors interpreted this configuration as the result of two low-angle detachment
fault systems. The first was active in the Early
Lias dipping eastward, the second in the Late
Lias to Dogger dipping westward. The striking
similarities of the Engadiner Dolomiten and the
Lienzer Dolomiten point to a close relationship.
Relations between Drauzug and Southern Alps

The Jurassic setting of the South Alpine domain is interpreted as an analogue to modern
passive continental
margins (Bernoulli, 1981;
Winterer and Bosellini, 1981). Due to the weak
Alpine overprinting, the Jurassic configuration
can still be clearly reconstructed (Wiedenmayer,
1963; Bernoulli, 1964; Aubouin et al., 1965;
Castellarin,
1972; Kahn and Triimpy 1977;
Bernoulli et al., 1979; Winterer and Bosellini,
1981).
The Southern Alps are divided into four N-S
trending paleogeographic elements known as the
Friuli platform, the Belluno trough, the Trento
platform, and the Lombardian basin (Fig. 6). Each
element is characterized by a different sedimentological and structural development.
The Lombardian basin is subdivided into several troughs by N-S striking rises (Gaetani, 1975;
Kahn and Triimpy, 1977; Winterer and Bosellini,
1981); the sedimentary and stratigraphic record
resembles that of the Drauzug. Large tilted
blocks, bound by normal faults with a displacement of up to several thousands of metres, were
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recprded by Bernoulli (1964) and Castellarin and
Sartori (1972). Scarp breccias associated with
these faults occur frequently in the basinal areas;
in situ brecciated shallow-water limestones are
characteristic of the intra-basinal swells (Wiedenmayer, 1963, Bernoulli, 1964; Winterer and
Bosellini, 1981). The stratigraphic and structural
record of the Drauzug differs from that of the
South Alpine region with the exception of the
Lombardian basin. For example, the Trento platform was also drowned, but not before the Late
Lias to Dogger (Gaetani, 1975; Bosellini et al.,
1981; Winterer and Bosellini, 1981).
We conclude that the Drauzug can only be
compared with the Lombardian basin. The swelland halfgraben
structure
of the Lienzer
Dolomiten can be correlated with the Monte
Nudo trough, the Lugano swell and the Monte
Generoso trough; the Nordkarawanken may represent an isolated high in the eastern part of the
Lombardian basin like the Botticino high (Fig. 6).
Compare data presented here with those of Gaetani (1975) and Winterer and Bosellini (1981).
Paleomagnetic data prove the absence of larger
rotations between the Drauzug and the Southern
Alps since the Carboniferous (Heinz and Mauritsch, 1980). This is a good confirmation of the
geologic data.
Relationships between the Transdanubian
tains and the Southern Alps

Moun-

Based on the Liassic sedimentary record, the
TDM can be divided into three paleogeographic
units (see above). According to KazmCr and
Kovacs (1985) and KgzmCr (1987) these units can
be correlated with the South Alpine paleogeographic units in the following way: the Gerecse
platform corresponds to the Belluno trough, the
Bakony platform to the Trento platform, and the
Zala basin to the Lombardian basin (Fig. 6).
Tethyan margins and their plate tectonic framework in post-Triassic time
After the Liassic rifting period the creation of
the Ligurian-Piemont
ocean (South-Penninic) in
Late Liassic to Dogger times separated the Aus-

troalpine and South Alpine domains from ,the
European continent (Bernoulli, 1981; Dercourt et
al., 1986). They now belong to Apulia (forming its
northwestern margin), which is still part of Africa
(Channel1 and Horvith, 1976). Along the eastern
margin of Apulia new oceanic crust was also
created in the Vardar ocean (Dercourt et al.,
1986; Knipper et al., 1986).
However, Apulia remained linked to Eurasia
via the West Carpathian realm, and the Ligurian-Piemont ocean and the Vardar ocean never
merged (Dercourt et al., 1984; Tollmann, 1987a)
(Figs. 2, 7). This is shown by the surrounding
facies belts of the two oceans. The Vardar ocean
was surrounded by the Hallstatt facies (distal
facies) in the Austroalpine and West Carpathian
realms (Kovacs, 1982, 1984; Tollmann, 1987a)
(Fig. 3). This area was separated from the realm
of the later Ligurian-Piemont
ocean by the vast
regions of Dachsteinkalk and Hauptdolomit faties of the Upper, Middle, and Lower Austroalpine domains. The Lower Austroalpine

realm, which bordered the Ligurian-Piemont
ocean to the south (Tollmann, 1977; Hausler,
1987), even developed Keuper facies in its eastern parts (Semmering) (Tollmann, 19771, emphasizing its proximal facies character.
The Rechnitz window is the easternmost outcrop with remnants of the Ligurian-Piemont
ocean. Even if the Ligurian-Piemont
ocean
reached far to the east into the realm of the West
Carpathians (Triimpy, 1988) (in this case its remnants would lie hidden below the West Carpathian nappes), this would not contradict the following conclusion: the Ligurian-Piemont
ocean
must have cut through the Austroalpine domain
or the corresponding West Carpathian units if a
connection between the two oceans existed. The
lack of such evidence in the NCA and the West
Carpathians is the best objection against this idea.
The opening of the Ligurian-Piemont
ocean
was closely linked with the development of the
Central Atlantic ocean; this had consequences for
the evolution of the Apulian margins (Fig. 2). The
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Fig. 7. Beginning of the spreading of the Ligurian-Piemont ocean. The plate tectonic situation (cf. Figure 2) implied left-lateral
translation between Africa/Apuha
and Eurasia causing the simultaneous subduction of the Vardar ocean. Note that the
Ligurian-Piemont and Vardar oceans were separated by the Austroaipine and West Carpathian realms which implies the proposed
transform faulting.
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opening of these oceans necessarily implied sinistral transcurrent
movements between Africa/
Apulia and Eurasia (Dercourt et al., 1986; Ziegler,
1988). Since the Ligurian-Piemont
ocean probably did not attain the width of the contemporaneous Central Atlantic ocean, these movements
must have been compensated elsewhere. Therefore, the northern and western margins of Apulia
are presumed to be of a transform type (Figs. 7,
8). This is suggested by the occurrence of serpentinites and ophicalcites that are similar to rocks
retrieved from recent oceanic fracture zones
(Lemoine, 1980; Weissert and Bernoulli, 1985).
On the other hand the Vardar ocean, which
paralleled the eastern margin of Apulia, must
have started to close at the same time (Dercourt
et al., 1986; Knipper et al., 1986; Ricou et al.,
1986; Kazim :t al., 1986) (Figs. 7, 8, 9). Evidence
for subduction is given by the Aalian flysch deposits in the Meliata unit (Kozur and Mock,
1987) and last not least by the talc-alkaline volcanism at the southeastern margin of Eurasia
(Dercourt et al., 1986; Knipper et al., 1986).
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This overall situation persisted throughout the
Jurassic until the Early Cretaceous when Apulia’s
northeastern
leading edge collided with the
southern margin of Eurasia. As a result Apulia
was partly decoupled from Africa along the
Gibraltar-Maghrebian-South
Anatolian fracture
zone (Ziegler, 1988) and began an anticlockwise
rotation (Figs. 9, 10). The former sinistral
transtensive regime was replaced by a dextral
transpressive one, which marked the onset of the
Alpine orogeny (Dercourt et al., 1986; Tollmann,
1986; Ziegler, 1988) (Figs. 9, 10).
Although the sinistral translation between
Africa and Eurasia persisted throughout the Cretaceous, the opening of the South Atlantic-lndian ocean forced Africa to rotate anticlockwise
and to converge with Eurasia (Savostin et al.,
1986; Westphal et al., 1986; Ziegler, 1988). This
movement of Africa induced the progressive closure of the Ligurian-Piemont ocean and the continuation of Alpine orogeny (Tollmann, 1980;
Triimpy, 1980). In the Early Tertiary, the former
left-lateral movements between Africa and Eura-

MALI-l

TRANSDANUBICUM

ALPI

SOUTH

NE
4
4
/O

pJ

ocu8nic crust

m

subductin

zone

@

movement

of Aqulia

%

Fig. 8. While the Ligurian-Piemont ocean opened continuously, Licicum and Transdanubicum (together with the southern part of
Apulia) were displaced to the east. The Vardar ocean got still subducted beneath Eurasia. Transcurrent movement may have
induced gravitational sliding tectonics in the Juvavicum.
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The Drauzug and the Transdanubian Mountains
as displaced crustal units
The Permo-Triassic and (to some extend) Early
Jurassic sedimentary record of the Drauzug and
of the TDM characterizes them as crustal units
that have strong western affinities compared to
structural units that presently surround them. This
complicates paleogeographic reconstructions.
These difficulties are avoided if the Drauzug
and the TDM are interpreted as displaced crustal
units that were transported from their original
western position to the east.
After the attempts of Bechstadt (1978) and
Prey (1978) concerning the Drauzug, K&m& and
Kovacs (1985) were the first to take such a possi-

n

branch of the Vardar

of Apulia.

derived their ophiolitic detritus from the south. First thrusting of Apulias northern

sia turned into right-lateral direction. This was
due to the progressive opening of the North
Atlantic ocean and a simultaneous drop in the
spreading rate between North America and Africa
(Dercourt et al., 1986; Savostin et a1.,1986).

9

ocean was

The Rossfeld beds in the
margin.

bility into consideration and proposed their “continental escape” model. According to this model
the TDM originally were located between the
South Alpine domain and the NCA, and the
Drauzug even farther west. These blocks were
squeezed out towards the east along the DAV
(Defereggental-Anterselva-Vallesj-Raba
lineament in the north and along the Gailtal-Balaton
lineament in the south, during the Middle Eocene
to Late Oligocene main phase of the Alpine
orogeny that involved the collision of Apulia with
Eurasia (Fig. 4).
This model solves many problems but also
raises new difficulties as pointed out by Tollmann
(1987a). He agrees with the original position of
Drauzug and TDM but disagrees with the timing
of their displacement. Because the escape is postulated after the emplacement
of the Austroalpine nappes, Tollmann (1987a) demands a
northern analogue to the obvious Periadriatic lineament to the south. After Tollmann (l.c.) the
authors constructed this necessary fracture zone
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by adding several individual, differently striking
and partly not even existing fault segments. According to Tollmann (l.c.> the DAV-Raba lineament cannot be accepted as a northern equivalent of the Periadriatic lineament. Another problem is the Triassic of Krappfeld and St. Paul (Fig.
1) on top of the Gurktal nappe. This Triassic
(with Hauptdo~omit facies) is interpreted as a
facies unit together with the Drauzug (Licicum)
(Tollmann, 1977). The fact that the Gurktal nappe
was thrusted in its position during the early Late
Cretaceous (pre-Gosau) also necessarily implies a
pre-Gosau eastward displacement of the Gurktal
nappe. Otherwise, the Gurktal nappe could not
have been transported into its location by top-tonorth (Tollmann, 1987a) or even top-to-westnorthwest thrusting (Ratschbacher,
1987; Neubauer, 1987).
Tollmann (1987a) proposes a Jurassic to Lower
Cretaceous displacement of the Drauzug (together with the other parts of the Licicum) and
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separately of the Transdanubicum (the facies unit
of which the TDM are part of) along transform
faults. Additionally, he postulates that the TDM
are part of a big nappe, called Ultrastyrian nappe,
which was thrust to the north over the Licicum in
the early Late Cretaceous (pre-Gosau). According to Tollmann (l.c.1 this uppermost nappe is
necessary to explain the South Alpine clasts in
the Gosau sediments ~‘Mittelsteirische Gosau”)
of the Graz Paleozoic (Gollner et al.,1987).
As to the Drauzug, we cannot confirm this
idea because there are no signs that the Drauzug
was overthrust by a large nappe. We agree with
Tollmann (l.c.1 that the eastward displacement of
the Licicum and the TDM took place before the
emplacement of the Austroalpine nappes. But in
our model these movements took place at the
same time and involved the Licicum, the Transdanubicum Cthe facies unit of which the TDM are
part of), and the South Alpine realm. This is in
agreement with the movements of Apulia de-
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Fig. 10. Apulias northeastern margin has collided with Eurasia. consequently Apulias eastward movement has ceased and Licicum
and Transdanubicum have reached their eastern position. Apuiia continued to rotate counterclockwise and moved to the north
causing subduction of the Ligurian-Piemont ocean and advanced thrusting in the Austroalpine realm. The Lavant flysch derived its
detritus from the abduction zone in the east. Note inversion of the former sinistral into a dextral strike-slip fault.

scribed by Dercourt et al. (1986) and Savostin et
al. (1986).
The displacement of the Drauzug and the Transdanubian Mountains
With the beginning of spreading in the Central
Atlantic and Ligurian-Piemont oceans in the Late
Lias/Dogger Apulia moved to the southeast in
respect to Eurasia until the Early Cretaceous
(Fig. 2). From th en on Apulia’s northeastern margin began to collide with Eurasia and started an
anticlockwise rotation (Dercourt et al., 1986;
Ziegler, 1988).
Because in our model Apulia was connected
with Eurasia via the West Carpathians (Dercourt
et a1.,1984), only the areas south and west of the
Vardar ocean could move easily to the east, while
the Vardar ocean itself was subducted under the
southeastern margin of Eurasia (Figs. 7, 8, 9).
On the other hand, the areas north of the
Vardar ocean, i.e. the Austroalpine (except Licicum) and the West Carpathians, were hindered
in their eastward movement. This scenario implies left-lateral transcurrent movements in the
area between Licicum, Trandanubicum on one
side and Upper Austroalpine, West Carpathians
on the other side (Figs. 7, 8, 9).
Beside the proposed strike-slip fault of Figs.
7-9 other corresponding faults might have dissected Apulia like the Emilia fault (Bosellini,
1981). Because pure strike-slip is probably very
rare we prefere to think of a broad oblique-slip
mobile zone (sensu Ballance and Reading, 1980).
Recently Spieler (1990) and Channel1 et al.
(1990) interpreted a Liassic basin of the NCA
(close to the Achensee (Achen Lake), 40 km
northeast of Innsbruck) as a sinistral pull-apart
basin. This would imply that the proposed sinistral transcurrent movements occurred even earlier (late Hettangian/Sinemurian).
Strike-slip movements might also have induced
the Late Jurassic gravitational sliding tectonics in
the Juvavicum of the NCA (Fig. 8) (Toilmann,
1987a, b; L&n, 19871, since extensional as well as
compressional features are typical for strike-slip
systems (Reading, 1980; Christie-Blick and Biddie, 1985).

In this context, it must be considered that the
Late Jurassic breccias of the NCA (Schwarzbergklamm breccia, Hornstein breccia, Rofan
breccia) can be interpreted as rifting related
massflow movements (sensu WBchter, 19871, because the Late Jurassic was the time of advanced
spreading in the Ligurian-Piemont
ocean (Dercourt et al., 1986), i.e. the time of thermal subsidence of the whole shelf. The breccias could also
have been deposited in pull-apart basins, which
received their detritus from fault scarps and adjacent elevated areas. These elevated areas are
indicated by clasts of Upper Jurassic shallowwater carbonates in the breccias (Wgchter, 1987).
Such an origin of the breccias would fit well into
the plate tectonic scenario.
In the earliest Cretaceous Apulia’s eastern
margin collided with an intra-oceanic volcanic
arc, and ophiolites were thrusted over Apulias
eastern margin in the Dinarides and Hellenides
(Dercourt et al., 1986; Knipper et al. 1986). The
following anticlockwise rotation of Apulia caused
the first thrusting in the Austroalpine domain, as
indicated by the Early Cretaceous Rossfeld beds
of the NCA (Fig. 9). These early erogenic sediments derived their ophiolitic detritus from the
south, indicating that oceanic crust was abducted
south of the NCA (Faupl and Tollmann, 1979;
Decker et al., 1987). From this ophiolitic detritus
we can constrain the proposed western prolongation of the Vardar ocean, as well as the evidence
that the Aptian/Albian
flysch of the Lienzer
Dolomiten (Fig. 10) was transported in a western
direction (Mariotti, 1972; Faupl, 1977).
In the middle Cretaceous, Apulias eastern
margin was in full collision with Eurasia and was
stopped in its eastward movement (Dercourt et
al., 1986); i.e. together with the Drauzug, the
TDM and the Southern Alps must have reached
their eastern position.
Based on paleomagnetic data, Channel1 et al.
(1990) argued that the NCA did not take part in
the anticlockwise rotation of Apulia and concluded that the NCA were decoupled from Apulia by an oceanic branch of the Tethys (connection between the Ligurian-Piemont
and Vardar
oceans). Although we cannot see evidence for
this ocean, the proposed decoupling of the NCA
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Fig. 11. Due to the overall plate tectonic situation, the relative motion between Africa and Eurasia has become right-lateral. The
Southern Alps were shifted back to the west into their recent position. The Transdanubicum experienced additional eastward
displacement due to continental escape of the Intra-Carpathian region (see text for discussion).

could be accomplished simply by the strike-slip
fault zone shown in Figs. 7-9. Due to the collision in the east (Fig. lo), the former sinistral fault
zone could have been converted into a dextral
strike-slip zone. This then became the northern
boundary of the anticlockwise rotating Apulia
plate.

I

In the Miocene the now right-lateral translation between Africa and Eurasia reached its maximum causing a complex system of en echelon
arranged right-lateral
strike-slip faults, along
which Apulia glided to the northwest (Dercourt
et al., 1986; Savostin et al., 1986). During this
time the Southern Alps were displaced back to

I

5 km

I

swell facirs

Fig. 12. Distribution of Early Liassic facies zones in the Lienzer Dolomiten. The location of basin facies in the south against swell
facies in the north indicates the dissection of the original Jurassic facies pattern, due to strike-slip faulting (compare with
Figs. 5, 6).

I

the west along the right-lateral Periadriatic fault,
leaving Licicum and TDM in the east (Fig. II).
The distribution of Jurassic facies zones in the
Lienzer Dolomiten indicates that the original faties pattern (compare with Figs. 5, 6) was dissected by dextral strike-slip faulting (Fig. 12).
This was probably contemporaneous
with the
movement along the Periadriatic fault. Periadriatic tonalite bodies with an intrusion age of 20-30
Ma provide evidence for movement during this
time (Exner, 1976; Mager, 1985).
From Mesozoic paleogeographic
reconstructions, it is probable that the TDM have been
transported even farther to the east than the
Drauzug. The mechanism for this additional displacement could have been provided by continental escape of the Intra-Carpathian region toward
the Carpathian flysch basin, where oceanic crust
was subducted (Burchfiel and Royden, 1982;
Royden et al., 1982). This east to northeastward
escaping block was decoupled from Apulia by the
dextral Periadriatic-Vardar
fault system and related faults. Sets of contemporary sinistral ENE
trending strike-slip faults in the eastern Eastern
Alps and the western West Carpathians provided
the conjugate fault system (Ratschbacher et al.,
1989, 1990) (Fig. 11). The creation of pull-apart
basins along these faults, such as the Vienna
Basin, occurred between 17.5 and 13 m.y. and
dates the active strike-slip faulting in the IntraCarpathian region (Burchfiel and Royden, 1982;
Royden et al., 1982).
Conclusions and outlook
The proposed model tries to solve problems
which arise from the discontinuity of isopic zones
in the Alpine-Carpathian
region. Based on
Permo-Triassic facies zones, the Drauzug as well
as the TDM must be interpreted as displaced
crustal units shifted to the east from their original
western position. The mechanism for this eastward transport is provided by the sinistral translation between the Africa/Apulia
and Eurasia
plates due to the opening of the Central Atlantic
and Ligurian-Piemont
oceans in the Middle
Jurassic to Early Cretaceous. During this process
the Vardar ocean at Apulias eastern margin was
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closed. Because the Vardar ocean was seperated
from the Ligurian-Piemont
ocean by the northern Austroalpine and West Carpathian realms,
the area between these two oceans must have
been the site of intensive sinistral strike-slip faulting. After this time of eastward displacement, the
South Alpine realms were shifted back to the
west along the dextral Periadriatic fault system in
the Late Oligocene and Miocene. During this
time, the TDM experienced an additional eastward displacement due to continental escape of
the Intra-Carpathian region.
The Drauzug and the TDM are good examples
for crustal units in an exotic position but by no
means do they represent the only ones, as two
examples may demonstrate. The Btikk Mountains, now situated north of the TDM in northern
Hungary, show close affinities to Dinaric facies
zones (Kovacs, 1982, 1984; Kozur and Mock,
1987). On the other hand, south of the TDM, the
Mecsek and Vill&ry Mountains definitely resemble the facies of the European margin, such as
Liassic Gresten facies, detritically influenced from
the north (Kovacs, 1982, 1984; Dercourt et al.,
1984).
In our opinion the displacements of these units
must be seen in context with the lateral movements of Drauzug, TDM, and Southern Alps, but
these problems are beyond the scope of this
paper. The advantage of our model is that the
eastward displacement of Drauzug, TDM, and
Southern Alps and the later westward displacement of the Southern Alps is in good agreement
with the movements of the Apulia plate and the
corresponding erogenic processes.
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