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Abstract—The Karawanken Mountains of southeastern Austria straddle the Insubric Line, a major fault zone
that corresponds to the Austroalpine-South Alpine border of the eastern Alps. They display polyphase structural
patterns that resulted from deformation partitioning at shallow crustal levels. Following a poorly constrained late
Cretaceous deformation history, Paleogene contraction produced NW-SE-trending fold-thrust structures and
possibly related sinistral (?) cross faults. Miocene deformation produced both NW- and SE-directed thrust faults
and NW-striking high-angle dextral cross faults which merged with or displaced the W-striking Insubric Line.
Distributed dextral strike-slip displacements of the order of 3040 km and thrust displacement of 4-5 km along
the northern Karawanken front initiated subsidence of a small foreland basin north of the Karawanken
Mountains. Recent regional deformation seems to be concentrated along cross-cutting NNW-striking dextral
faults within a shifting system of seismogenic transfer faults that probably merge with the convergent South
Alpine thrust front to the west. There are conspicuous parallels in the style of deformation along the Karawanken
Mountains with that found along other seismogenic convergent strike-slip faults, such as those of southern

California, New Zealand and Anatolia.

INTRODUCTION

DEFORMATION of sedimentary and basement rocks at
high crustal levels within major strike-slip fault systems
results in complex structural patterns, because the
effects of convergence (transpression) and divergence
(transtension) tend to alternate both along strike and in
time (Wilcox et al. 1973, Reading 1980, Sanderson &
Marchini 1984, Aydin & Nur 1985, Christie-Blick &
Biddle 1985, Woodcock & Fischer 1985, Sylvester
1988). This is especially the case where regional strike-
slip displacement is modified by strong convergent com-
ponents of motion, causing offset and rotation of pre-
existing strike-slip fault segments (Sylvester & Smith
1976, Hancock & Atiya 1979, Aydin & Page 1984,
Harding 1985, Namson & Davis 1988, Ron et al. 1990).

The Insubric (or Periadriatic) Line discussed here is a
major fault zone within the northern Adriatic plate
(inset Fig. 1). Sense, magnitude and timing of the strike-
slip displacements of the Insubric Line and its relation-
ship to other major structures within the growing Alpine
edifice of south-central Europe are still poorly under-
stood although some progress has been made in recent
years (Laubscher 1970, 1983, 1988, Bogel 1975, Schmid
et al. 1989, von Gosen 1989). The Insubric Line is
relatively well defined along the axis of the Karawanken
Mountains of southeastern Austria because pre-
Mesozoic basement and the Austroalpine and South
Alpine Mesozoic facies are juxtaposed along the fault
zone, but show a distinct mismatch (Fig. 2). Polyphase
structural patterns imprinted on both Mesozoic cover
rocks and the Paleozoic low-grade basement result in a

*Present address: Geologisches Institut, Universitdt Bern, Baltzer-
strasse 1, CH-3012 Bern, Switzerland.

generally complex map pattern (Bauer 1982, 1985).
Remapping of this area and analysis of relevant kine-
matic data (Polinski 1991) permitted spacial and tem-
poral correlation of major structures along and away
from the fault zone. Thus intraplate Alpine evolution of
the easternmost Insubric Line segment can be related to
the possible kinematics of convergent strike-slip faulting
between late Mesozoic and Recent times.

REGIONAL SETTING AND STRATIGRAPHY

The Karawanken Mountains, about 140 km long, and
15-25 km wide, with local relief in excess of 1500 m, are
located in the southeastern Alps (Fig. 1). The morpho-
logically dominant Austroalpine and South Alpine
Permo-Mesozoic platform strata which rest on de-
formed and/or metamorphosed Paleozoic Variscan
basement units display a distinct misfit of their respect-
ive sedimentary facies along the Insubric Line. Recon-
struction of Mesozoic facies belts along the fault zone
west of the Karawanken Mountains (inset Fig. 2)
suggests some 100-150 km of dextral separation be-
tween Austroalpine and South Alpine cover rocks
(Brandner 1972, Bogel 1975, Niedermayr 1975, Toll-
mann 1977, Laubscher 1988). There, the Insubric Line
also appears to be offset along the sinistral Giudicarie
Line (Doglioni & Bosellini 1987). Yet farther to the
west, late Alpine SE- to S-directed thrust emplacement
of the cooling Penninic infrastructure of the west-central
Alps over the cold South Alpine crustal lid was also
centred along the Insubric Line. This uplift led to ero-
sion of the overlying Austroalpine crustal unit over large
areas (Heitzmann 1987, Schmid et /. 1987, 1989, Hur-
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Fig. 1. Regional tectonic framework of the Neogene Karawanken Mountains which straddle the

casternmost segment of

the Insubric Line, a major intraplate fault zone within the northern Adriatic plate (sec inset).

ford et al. 1989). Towards the east the Insubric Line
disappears beneath Neogene-Pleistocene fill of the
extensional western Pannonian Basin.

Mesozoic Austroalpine and South Alpine sedimen-
tary strata were deposited on a wide and internally
structured platform along the northern margin of the
Adriatic plate. Within the Karawanken Mountains, re-
gional variations in stratigraphy reflect differential sub-
sidence patterns along this margin (Fig. 2). The Austro-
alpine cover is an 3.4 km thick Upper Permian to Lower
Cretaceous succession (Bauer er al. 1983), that rests on
Variscan metamorphic basement intruded by the Oligo-
cene (29 + 6 Ma, 28 + 4 Ma, Scharbert 1975) tonalitic
Karawanken pluton during late Alpine structural evol-
ution. Austroalpine basement includes low-grade Ordo-
vician metavolcanoclastics, micaschists, phyllites and
Permian granite which are overlain by non-marine Per-
mian redbeds (on average about 200 m thick). Mesozoic
strata consist of the competent dolostone and limestone
units of the Middle Triassic Wetterstein Formation (up
to 1200 m thick) and Upper Triassic Hauptdolomit
Formation (up to 700 m thick). Incompetent detach-
ment horizons are basinal shale facies of the Middle
Triassic Partnach Formation below or coeval with the
Wetterstein Formation and shale members of the Raibl
Formation below the Hauptdolomit Formation. Minor
detachment also occurred in shales of the uppermost
Triassic Kossen Formation and in overlying thinly bed-
ded basinal Jura-Cretaceous limestones and marls (Fig.
2). The Neogene syntectonic coarse clastics of the adjac-
ent Klagenfurt Basin overlying the Austroalpine strata
locally attain a thickness of up to 900 m.

The South Alpine succession is 3.2 km thick and

consists of Ordovician to Lower Carboniferous meta-
sediments overlain by Upper Carboniferous to Lower
Jurassic sedimentary strata (Schonlaub 1979, Bauer et
al. 1983). The Lower Paleozoic metasediments comprise
pre-Alpine sheared clastic and calcareous rocks of un-
known thickness. Within the Upper Carboniferous to
Permian marine clastics and carbonates (1300-1500 m)
the most competent unit is the dolostone of the Upper
Permian Bellerophon Formation (about 100 m thick).
The overlying Mesozoic succession contains the com-
petent Middle Triassic ‘Anisian’ dolostone unit (about
340 m thick), the massive carbonates of the Middle
Triassic Schlern Formation (up to 700 m thick) and the
thick bedded limestone of the Upper Triassic Dachstein-
kalk Formation (up to 1000 m thick). Potential detach-
ment horizons are evaporites within the lower Bellero-
phon Formation, shales in the Lower Triassic Werfen
Formation and the Middle Triassic recessive Wengen
Formation (Fig. 2).

In general, the deformation of Mesozoic cover strata
has produced polyphase fold—fault structures which ori-
ginated at relatively shallow crustal levels. Super-
position of folds with different trends has resulted in
refolded hinges within incompetent units which were
preserved within fault-bounded blocks of competent
units. In other areas early formed folds were destroyed
by a progressively pervasive cataclasis along splays of
cross-cutting fault zones. The well defined thrust-related
northern border of the Karawanken Mountains and
other thrust- or strike-slip-bounded fault blocks to the
south such as those of the Kamnik and Julian Alps are
mainly of Neogene age, as are the related clastic Klagen-
furt and Kranj basins.




Deformation partitioning, Karawanken Mountains, Alps
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Fig. 2. Stratigraphic units of the Austroalpine and South Alpine facies domains juxtaposed along the Insubric Line and

showing the distinct mismatch of sedimentary facies (modified from Bauer er al. 1983). Triassic stages are abbreviated with

letters. Potential detachment horizons within the Mesozoic cover succession are indicated by open arrows. Inset in upper

right corner shows possible facies correlations across the central Insubric Line (crosses, dots, vertical and crossed ruling; for
site-specific references see Brandner 1972, Bogel 1975, Niedermayr 1975, Tollmann 1977).

GEOMETRY OF SUPERIMPOSED FOLD-FAULT
STRUCTURES

Early NW-trending folds

Within the northwesternmost Karawanken Moun-
tains the Austroalpine Permo-Mesozoic cover rocks
display two superimposed structural trends (Fig. 3). The
older structures are regional NW-trending and slightly
NE-verging folds in Triassic carbonates (Matschach
Syncline, Rabenberg Anticline, Singerberg Syncline,
and the Ferlach Anticline-Syncline pair of Fig. 3);
associated with and truncating these folds are NE-
striking high-angle cross faults. In the upper Feistritz
Valley, dipping beds within these structures are overlain
unconformably by remnants of coarse clastic deposits
which have been correlated with Upper Miocene basal
clastic deposits of the Klagenfurt Basin (Kahler 1953,
van Husen 1976, von Gosen 1989). Towards the east,
remnants of several NW-trending folds are recognized
locally above the Karawanken frontal thrust. Towards
the south and southeast, NW-trending folds either did
not develop or were later structurally overprinted be-
yond recognition. Their general absence in South

Alpine strata of the Karawanken Mountains could
mean, however, that the present juxtaposition of
Austroalpine and South Alpine strata along the Insubric
Line occurred after the NW-trending folds had already
developed. It is also possible that the crustal substratum
south of the Insubric Line at this time was more rigid. All
NW-trending folds and NE-striking sinistral (?) cross
faults were overprinted by sets of NE-trending folds and
contraction faults including the composite frontal
Karawanken thrust. The superimposed NW-striking
dextral cross faults, which also offset the Karawanken
Thrust possibly nucleated at least partly in the cores of
early NW-trending folds. In the Karawanken Mountains
the age of these early NW-trending folds cannot be
inferred more precisely than pre-late Miocene.

Miocene NE-trending fold—fault structures, NW-striking
cross faults, and the Klagenfurt clastic basin

The structure of the Karawanken Mountains is domi-
nated by both NW- and SE-directed thrust faults and
arrays of related ENE- to NE-trending folds, truncated
by NW-to WNW-striking high-angle cross faults spaced
at intervals of about 24 km. The cross faults commonly
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Fig. 3. Structural sketch map of the Austroalpine cover rocks of the northwestern Karawanken Mountains where older

NW-trending fold-thrust structures (heavy lines) and related sinistral (?) cross faults werc overprinted by NE-trending

contraction structures and related dextral cross faults. Equal-arca, lower-hemisphere stereoplots show poles to bedding in
major NW-trending fold structures.

show dextral offsets of fold axial surfaces, thrust faults or
steeply dipping marker units by amounts ranging from a
few hundreds of metres to a few kilometres. This struc-
tural pattern is observed in both Austroalpine and South
Alpine units, and cross faults merge with or offset the
Insubric Line dextrally. Generally, however, they do
not extend beyond the frontal Karawanken thrust.
Along the Insubric Line in the east-central Karawanken
Mountains, the Austroalpine basement of the Eisen-
kappel zone contains a Permian granite and the Oligo-
cene tonalitic Karawanken pluton (Fig. 4). The zone is
laced by E-striking and steeply S-dipping ductile-to-
brittle fault zones and the Insubric Line is subparallel to
transposed bedding and foliation fabrics in the low-
grade metasedimentary units. Asymmetry of shear
bands, together with locally observed semi-penetrative
stretching lineations, indicate post-intrusive distributed
dextral shear, which elongated the enclosed Permian
granite (46 km long, 2 km wide) and possibly the Kara-
wanken pluton (41 km long, 2.2 km wide) as well. Post-
emplacement uplift of the Karawanken pluton and its
low-grade metamorphic country rocks was probably of
the order of 5-10 km. Apatite fission track ages of about
16 Ma for samples of the Permian granite and the
Karawanken pluton (L. Ratschbacher personal com-
munication 1991) point to a cooling below 100°C near
the Insubric Line at that time. South of the Insubric
Line, South Alpine pre-Permian units are also intensely
sheared and towards the west, dextral distributed dis-
placement on WNW-striking cross faults transferred

South Alpine units towards the frontal Karawanken
thrust (Fig. 4). This displacement transfer produced an
apparent dextral separation of steeply dipping pre-
Permian units of the order of 20 km and offsets fold axial
surfaces and steeply dipping beds along similarly
oriented cross faults of the order of 10-15 km. We
estimate that in this manner about 3040 km of distrib-
uted dextral shear occurred along WNW-striking cross
faults (Polinski 1991). This suggests that the overall
orientation of the Insubric Line also could have changed
from a more east-northeasterly strike to the present
easterly strike by distributed internal shortening
and by frontal thrusting of the Karawanken Mountains
over its foreland to the north. On account of small-
scale tilting, cataclasis and rotation around vertical
axes the behaviour of individual blocks is difficult to
quantify.

Frontal thrusting is clearly reflected in the history of
clastic sedimentation in the Klagenfurt Basin, which
began with the fine-grained coal-bearing late Miocene
clastics (Rosenbach Beds). Progradation of latest Mio-
cene to (?) Pliocene coarse fluvial deposits with a basal
South Alpine provenance (Bérental Conglomerate) in-
dicate uplift in the vicinity of the Insubric Line. Carbon-
ate slide blocks are locally interbedded with coarse
proximal deposits of alluvial fans and braided alluvial
plain deposits (Sattnitz Conglomerate) and suggest
high-gradient erosion and deposition near the Karawan-
ken thrust front (van Husen 1976, 1984). A gravity
survey across the mountain front (Steinhauser et al.
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Fig. 5. Two semi-balanced cross-sections oriented parallel to the inferred local direction of contraction in the Austroalpine
(northern Karawanken Mountains, section 1 of Fig. 4) and South Alpine (southern Karawanken Mountains, section 2 of
Fig. 4) facies domains.

1980) corroborates a geologically reasonable value of
4-5 km of thrust displacement of Karawanken carbon-
ates over proximal clastic deposits of the Klagenfurt
Basin. The basin therefore constitutes a short-lived
foreland in which clastic sedimentation of the order of
700900 m occurred at or near the mountain front.
Rounded clasts in the Tertiary conglomeratic facies of
the footwall near the frontal thrust show systematic
extension fractures, similar to stress-induced fractures
described previously by Eisbacher (1969). Their orien-
tation (Fig. 4) is compatible with a general NW-SE-
oriented regional contraction and concomitant NE-SW
extension during dextral shear on a E-W-oriented plane
of movement. Contraction also created a few open folds
in the Klagenfurt clastic units. Towards the west the
basin was disrupted by the younger Hochstuhl Fault (see
below).

In order to obtain a quantitative estimate for the
amount of internal shortening of the Karawanken
Mountains perpendicular to the frontal thrust and paral-
lel to the dominant dextral cross faults, several semi-
balanced sections were constructed. Two of these are
shown in Fig. 5. Together with the map pattern, the

cross-sections indicate that pre-Permian units near the
Insubric Line were uplifted along upward fanning longi-
tudinal fault strands that were truncated and offset
dextrally by high-angle cross faults. These cross faults
either merge with or displace the longitudinal faults and
merge with the Insubric Line at depth. Interference
between longitudinal fault zones, thrust and cross faults
suggest that deep-seated distributed strike slip faulting is
expressed near the surface by closely spaced synthetic en
échelon cross faults linking folds and thrust faults, a
pattern also reported for coseismic surface deformation
along convergent strike-slip faults (¢.g. Philip & Megh-
raoui 1983). The almost ubiquitous and intense cataclas-
tic deformation of carbonate rocks near fault surfaces
supports the notion of both internal disruption and
rotation of relatively small blocks between discrete cross
faults.

Post-Miocene structures
Post-Miocene (i.e. post-Kiagenfurt Basin) to Recent

structures occur mainly in the western Karawanken
Mountains. Here, the Insubric Line is offset by about
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3.5 km along the NNW-striking dextral Hochstuhl
Fault. Towards the SSE displacement along the fault
probably increases because there lithologies and struc-
tures cannot be matched across its trace. The Hochstuhl
Fault eventually merges with the major and presumably
still active dextral Sava fault zone to the south. Towards
the north-northwest, the Hochstuhl Fault terminates
near the town of Rosegg in Austroalpine basement units
(Fig. 6). However, displacement is probably transferred
via the Rosegg Thrust on to the NNW-striking Gegend-
tal Fault. Inferred forward motion and internal shorten-
ing of the westernmost Karawanken Mountains relative
to the east-central Karawanken Mountains along the
Hochstuhl Fault is also expressed by a narrowing of the
westernmost Klagenfurt Basin, suggesting syndepositio-
nal deformation. West of the Hochstuhl Fault, the
basinal fill is made up of about 150 m of gently folded
Tertiary strata and a few tens of metres of Quaternary
deposits, while east of the fault more than 600 m of flat-
lying Tertiary clastics are overlain by up to 150 m of
Quaternary deposits. A conspicuous bend of the Drau
River in the Lake Faak-Rosegg area (Fig. 6) could also
be a post-Pleistocene geomorphic response of the river

channel to ongoing uplift above the Rosegg basement
thrust. A distinct cluster of historical seismic events,
including the strong Villach earthquake of 1348 (Drim-
mel 1980, Degasperi et al. 1991), is possibly related to
active fault propagation in the vicinity of the transfer
fault system between the Hochstuhl and Gegendtal
fault zones. NNW- to N-oriented extension fractures in
semi-consolidated Quaternary deposits and embedded
clasts in several localities along the Karawanken front
(Polinski 1991) suggest ongoing contraction throughout
this area.

CRUSTAL SCALE KINEMATICS OF THE
KARAWANKEN MOUNTAINS

The oldest regional structures recognized in Mesozoic
cover rocks of the Karawanken region are NW-trending
folds, related thrusts, and sinistral (?) NE-striking cross
faults in Austroalpine strata north of the Insubric Line.
In South Alpine strata, NW-trending fold trains occur in
the Julian—-Kamnik Alps of western Slovenia (see Fig. 1
for location) and in the Dolomite Mountains of northern
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Fig. 7. Interpretive diagrams depicting the structural pattern produced by oblique convergence within the frontal Adriatic

plate during its Paleogene (above) and Neogene (below) evolution. Open arrows indicate the general direction of

convergence. For the Paleogene diagram note that the eastern part of the Insubric Line (dashed) may have been oriented

quite differently from its present trace. On the Neogene diagram (after Ratschbacher et al. 1991) present crustal thickness is

indicated by thin broken lines; note that the strongly curved 40 km isopach roughly parallels the transition from the
predominantly divergent strike-slip to predominantly convergent strike-slip structures.

Italy, where they originated mainly during Paleogene
NE-SW-oriented regional contraction (Doglioni 1987,
Doglioni & Bosellini 1987, Carulli et al. 1990, Buser
personal communication 1990). We therefore consider
the NW-trending folds and related NE-striking cross
faults of the northern Karawanken to be part of a
relatively broad fold belt that extended northwesterly
from the Dinaride Chain across the Southern Alps to the
east-central Alps (Behrmann & Frisch 1990) and poss-
ibly as far as the northwestern Calcareous Alps (Burch-

fiel 1980). There, WNW- to NW-trending fold~thrust
structures and related NE-striking sinistral cross faults
overprinted Late Cretaceous NE- to ENE-trending
structures of the frontal Austroalpine accretionary
wedge (Tollmann 1977, Eisbacher et al. 1990, Eisbacher
& Brandner in preparation). To the south, minor (?)
sinistral displacement along the Insubric Line probably
was concurrent with NE-SW shortening (Kleinschrodt
1987). How much of the 100-150 km of dextral displace-
ment along the Insubric Line was achieved prior to this
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{tear faults)

Clashcf‘
basin

Fig. 8. Schematic block diagram of the Karawanken frontal zonc
illustrating the presumed relationships between the thrust faults and
cross fauits which both merge with or offset the Insubric Linc. At
present they are in the process of being replaced by new throughgoing
strike-slip faults which propagate west-northwesterly across the pre-
viously deformed South Alpine (ruled) and Austroalpine (blank)
basement and cover strata, and the clastic Klagenfurt Basin.

Paleogene contraction is uncertain. However, the occur-
rence of Upper Cretaceous synorogenic clastics in the
western parts of the South Alpine carbonate platform
(Bernoulli & Winkler 1990) and major westward-
directed thrust emplacement of Austroalpine and South
Alpine basement rocks (Schmid er al. 1987, Ratsch-
bacher et al. 1989, Schmid & Haas 1989) suggests that
some of the dextral displacement along the Insubric Line
could have occurred during early intraplate convergence
within the Adriatic domain. This opens the possibility
that subsequent sinistral offset of the Insubric Line along
a Giudicarie-Inntal transfer fault system occurred con-
temporaneous with latest Cretaceous (?)-Paleogene
tectonic emplacement of the frontal Adriatic plate over
Penninic cover and basement (Ring et al. 1988).

After an early Oligocene interval of intrusive activity,
which possibly could have coincided with local sinistral
(?) divergence along the Insubric Line, contraction of
the Karawanken area set in again at about middle (?) to
late Miocene time. A pattern of NW- and SE-directed
thrust faults and NW-striking dextral cross faults in both
Austroalpine and South Alpine rock complexes also
initiated subsidence of the Klagenfurt Basin north of the
frontal Karawanken Thrust (Fig. 7). The Karawanken
Mountains thus became part of a WNW-trending Mio-
cene to Recent zone of dextral convergence along which
numerous WNW-striking dextral faults transferred dis-
placement between the South Alpine-Dinaric fold—
thrust belt on the southwest (Massari et al. 1986, Dog-
lioni & Bosellini 1987, Roeder 1989) to the extending
crust of the easternmost eastern Alps and the Pannonian
Basin in the northeast (Royden er al. 1983, Horvath
1984, Ratschbacher et al. 1991). How much total dextral
motion accompanied this Neogene convergence is not
clear. However, the offsets within the Karawanken
Mountains discussed above suggest at least 30-40 km of
distributed dextral shear on the WNW-striking cross
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faults which merge with or displace the Insubric Line
and link up with major WNW- to NW-striking fault
zones south of the Karawanken Mountains (Fig. 8). The
pattern of deformation partitioning onto shallow crustal
thrusts and strike-slip faults and a progressive shift in the
location of major throughgoing strike-slip faults is remi-
niscent of other obliquely convergent strike-slip fault
zones, such as the San Andreas fault zone in the Trans-
verse Ranges of California (Meisling & Weldon 1989),
the Alpine Fault system of New Zealand (Norris ez al.
1990}, and the North and South Anatolian fault systems
of Turkey (Sengér et al. 1985, Karig & Kozlu 1990). The
most recent displacements in the convergent transfer
zomne of the western Karawanken mountains disrupt all
pre-existing structures and appear to be concentrated
along the dextral NNW-striking Hochstuhl system. This
fault system is possibly linked to the seismically active
and NW-striking dextral Sava-Idrija fault system which
merges westward with the seismically active and SSE-
directed South Alpine thrust front (Miiller 1977, Ribaric
1979, Zanferrari et al. 1982, Carulli et al. 1990, Degas-
peri et al. 1991). The entire structural transition zone is
also characterized by strong lateral gradients in crustal
thickness.

CONCLUSIONS

The Karawanken Mountains of the southeastern Alps
developed along the Insubric Line between the Austro-
alpine and South Alpine facies domains of the Adriatic
plate. A previously observed mismatch of Mesozoic
sedimentary facies suggesting bulk separation of the
order of 100-150 km along this intraplate fault zone was
probably achieved by dextral strike-slip faulting first in
late Cretaceous and then again in Miocene to Recent
times. The bulk of mappable structures in the Mesozoic
platform strata developed by deformation partitioning
during polyphase Tertiary convergence. It can be
demonstrated that early Paleogene NW-trending fold-
thrust structures and related NE-striking sinistral (?)
strike-slip faults were overprinted by Neogene NE-
trending fold-thrust structures and related NW- to
WNW-striking dextral cross faults. The cross faults
merge with and offset the Insubric Line which suggest a
shift in the position of the main crustal shear zone with
respect to the position of the Insubric Line within the
Karawanken Mountains. Thrust loading and down-
flexing could have caused subsidence and the develop-
ment of the clastic Klagenfurt Basin on top of the
fault-weakened crust. In the east the southern fringe of
the basin also was overridden by the frontal thrust mass
of the Karawanken Mountains while towards the west
the basinal fill was uplifted above emerging and blind (?)
basement thrusts below the Tertiary clastics. The two
domains are separated by an active NNW-striking cross
fault. In general the broadly WNW-striking zone of
dextral displacement transfer of the Karawanken area
intervenes between the thickening crustal domains of
the convergent South Alpine thrust front in the west
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with thinner crust of the divergent Pannonian Basin in
the east. Deformation partitioning into discrete upper
crustal thrusts, folds and strike-slip faults above obli-
quely convergent crustal blocks resembles the structural
patterns in other areas characterized by strong defor-
mation gradients and lateral heterogeneities within the
lithosphere, such as the Transverse Ranges of southern
California, the Alpine Fault system of New Zealand and
the Anatolian fault system of Turkey.
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