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Linksseitige Blattverschiebungen
im zentralen Tauernfenster (Ostalpen, Österreich)

Zusammenfassung
Die alpidische Deformation der Venedigerdecke (Hohe Tauern, Salzburg, Österreich) wird entscheidend von Kompetenzkontrasten zwischen relativ

starren Zentralgneisen und ihren Hüllgesteinen (Habachformation, Untere Schieferhülle) bestimmt. Auf die oberkretazisch-alttertiäre Platznahme der
.Venedigerdecke erfolgt im Tertiär eine transpressive Einengungstektonik, die ältere Gefügemerkmale stark überprägt. Zwischen der Ahrntal-Störung
und der Salzachtal-Störung, beides Linksseitenverschiebungen, sind weitere Scherzonen ausgebildet. Diese steilstehenden Scherzonen zeigen eben-
falls einen sinistralen Schersinn an und sind unter duktilen bis spröd-duktilen Deformationsbedingungen entstanden.

Die dominierenden tektonischen Elemente in den untersuchten Gesteinsserien sind die steilstehende, nach S einfallende penetrative Schieferung
und konstant ENE-WSW-streichende Streckungslineationen. Scherkriterien in den Granitoiden zeigen einen sinistralen Schersinn an. Quarz-c-Ach-
sen-Verteilungen innerhalb der relativ starren Zentralgneis-Körper weisen auf eine koaxiale Deformation hin, während nicht koaxiale Deformation an
diskreten Scherzonen stattfindet. N-S-Kompression führt zu einer passiven Rotation der starren Blöcke im Uhrzeigersinn und damit zur Bildung der
Scherzonen. Transpressive, laterale Bewegungen an "wrench-faults" generieren eine (sub)horizontale Streckungslineation, dabei entsteht eine
"flower" ähnliche Struktur. Die Hüllgesteine werden flach nach SW ausgequetscht. Eine darauffolgende Deformationsphase erzeugt sowohl links- als
auch rechtsversetzende Scherzonen.

Schließlich führt die Aufdomung der Region des Tauernfensters und damit das Erreichen anderer tektonischer Bedingungen zu einer spröden
Deformation. Es bilden sich konjugierte Kluftsysteme und Harnischflächen aus, die eine E-W-gerichtete Extension anzeigen.

Abstract
The alpine deformation of Penninic series in the Tauern Window (Salzburg, Austria) is partly controlled by the contrast between rigid variscan

Zentralgneis bodies and incompetent metapelites and metavolcanic rocks of the Habach-Formation (Lower Schieferhülle). The emplacement of the
Venediger nappe due to N-S compression around the Cretaceous-Tertiary boundary is followed by an intensive shearing during the Tertiary. In the
region between two sinistral strike-slip faults, the Ahmtal Fault in the south, and the Salzachtal Fault in the north, further sets of sinistral shear zones
are developed. Deforming conditions are ductile to brittle-ductile.

*) Authors' addresses: KLAUSREICHERTER,ROMANAFIMMEL(dzt. Universität Innsbruck, Institut für Geologie und Mineralogie, Innsbruck), Prof. Dr.
WOLFGANGFRISCH:Institut für Geologie und Paläontologie der Universität Tübingen, Sigwartstraße 10, 0-7400 Tübingen, R.F.A.
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The dominant structural features are steeply S-dipping penetrative foliation and an associated ENE-WSW trending stretching lineation in all
stratigraphic units. Shear criteria in the granitoids indicate a sinistral sense of shear. Inside these gneiss bodies quartz-c-axis fabrics prove coaxial
deformation patterns, while the shear zones have been deformed under rotational strain. N-S compression leads to passive clockwise rotation of the
rigid blocks and constrained sinistral shear zones. Lateral transpressional movement of material along wrench faults produces horizontal stretching
lineations and generates a flower-like structure. The prevariscan series are sandwiched and squeezed out to SWat a low angle. A following, but
subordinate phase creates only a few right-lateral and left-lateral displacements.
Finally the updoming of the Tauern Window produces E-W extension which leads to a brittle deformation with conjugate joint systems, shear

fractures and slickensides.

1. Introduction

In several orogenic wedges tectonic movements parallel
to strike are described (MALAVIELLEet aI., 1984; RATSCH-
BACHER,1986), indicated by stretching directions parallel
to the displacement directions. The kinematic evolution in
the Eastern Alps is interpreted with S- over N-directed
nappe movements (TOLLMANN, 1977; FRISCH, 1977) con-
straining complex folding. Recent investigations in west-
ern parts of the Tauern Window show orogen parallel
movement. LAMMERER(1988) explains these movements
with a dextral transpressional model. We present the re-
sults of a structural and petrofabric analysis carried out in
the northern part of the central Tauern Window (Text-
Fig. 1). We focus our investigations on steep-sided sinistr-
al shear zones which dissect the Penninic nappes: the
shear zones of this region may host large displacements.
The determination of direction and sense of displacement
along ductile movement zones are examined in petrofabr-
ics of quartz-rich tectonites. Rotation of clasts, asymmet-
ric boudinage, as well as quartz-c-axis fabrics are helpful
shear indicators.

A detailed assessment of the regional geology of the
Tauern Window and the Austrian Eastern Alps is given in
TOLLMANN (1977). The metamorphic and structural evolu-
tion has been reviewed by FRANKet al. (1987). The alpidic
metamorphic evolution is terminated with a thermal peak
at about 35-40 m.a. with an upper greenschist to amphi-
bolite grade overprint (Tauern Crystallization [SANDER,
1921]), well after the pressure maximum (SELVERSTONE,
1985). The cooling and uplift history of the western Tauern
Window is documented by GRUNDMANN & MORTEANI
(1985).
Comparison of apatite fission track dating and KlAr and

RblSr ages from white mica and biotites (RAITH et aI.,
1978) suggest that the last ductile tectonic movements
occurred about 20 m.a., consistent with the cooling tem-
perature of the micas. The data point to an uplift rate of
approximately 0,5 mm/a. The cooling of the western part
of the Tauern Window is accompanied by large scale verti-
cal movements hosting several km displacement (GRUND-
MANN& MORTEANI,1985) in the past 20 m.a.
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Text-Fig. 1.
Location of the investigated area in the Tauern Window/Salzburg, Austria.
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2. Geological Setting

The studied area in the central Tauern Window near its
northern margin (Text-Fig. 1) belongs to the Venediger
nappe (FRISCH, 1974), which is regarded as the lower part
of the Middle Penninie basement. The Venediger nappe
yields two different petrologic and stratigraphic series:
The Habach-Formation (FRASL, 1958; STEYRER,

1983). outcropping in the Habach-Syncline and the
Knappenwand-Syncline, contains prevariscan metavol-
canic rocks and metapelites. Geochemically the metavol-
canics can be classified as typical primitive island arc
sequence, probably connected with a paleozoic backare
evolution (STEYRER,1983; FRISCH& RAAB, 1987).
The Zen t r a I g n eis uni t represents variscan grani-

toids which intruded the pre-existing series. The contacts
are tectonically overprinted by progressive Alpine defor-
mations. However, several Zentralgneis complexes are se-
parated by shear zones. The geochemical composition of
the granitoids ranges from tonalites and granodiorites to
aplitic granites. The intrusion of the Zentralgneis into pa-
leozoic clastic sediments and metavolcanics of the Lower
Schieferhülle formed migmatites near the Ahrntal-fault.
With the exception of the Southern Sulzbach body, a com-
mon magmatic evolution of the granitoids has been shown
with geochemical and zircon morphology studies by WINK-

LERet al. (1990) and REICHERTER& FIMMEL (1990). The gra-
nitoids are considered to be collisional melting products
of a mature island arc (VAVRA,1989).

3. Structural Analysis

The main structural features are shown in Text-Fig. 2. In
all lithological units a pervasive transposition foliation is
developed homogeneously, predominantly dipping steep-
ly to SSE (Text-Fig. 3A). This foliation is mainly due to the
preferred orientation of white mica and biotite in the
gneissic rocks, in the metapelites and the metavolcanics
of chlorite and amphibole. Sometimes crenulation is ob-
servable in prevariscan gneisses and in the Habachphyl-
lites which obliquely disturbs the main foliation.
The main foliation shows a WSW-ENE oriented mineral

stretching lineation. It is expressed by the alignment of
mica, actinolite, elongate feldspar and elongate xenoliths.
In the northern part of the studied area the gently inclined
lineation plunges toward ENE, in southern parts to WSW
(Text-Fig.38).
Detailed mapping of the western parts of the Knap-

penwand- and Habachsynclines (Text-Fig. 1) showed that
these "synclines" are unfolded parts of prevariscan series
with strong lateral facies differences. The rocks contain
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Text-Fig.2.
Structural mapwith quartz-c-axisplots.
SeeText-Fig.1 for locality.
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COMPRESSION

Text-Fig.9.
Transpressionmodel.
N-S compression leads to clockwise rotation of gneiss-bodies and
wrenchingat left-lateral shearzones.Anoverallsinistral transpressionis
assumed.

5. Discussion and Tectonic Model
The structural analysis of the area shows ductile kine-

matic indicators with a left-lateral displacement, but no
large scale folding. These structures are overprinted by
brittle-ductile deformation, with conjugate sets of shear

bands. The last deformation event is brittle and produced
conjugate joint systems, as well as slickensides.
Ductile, sinistral shear zones are created well after the

emplacement of the Penninic nappes around the Cretace-
ous/Tertiary boundary. West directed movements are con-
nected to ongoing N-S compression and the initiation of
shear zones, which are at least active until the Miocene.
The initially ductile behavior increasingly changed to
brittle deformation in time with the buoyant uplift and the
updoming of the Tauern window area.
In contrast to existing models which interpret the inves-

tigated area as a folded pile of nappe due to S over N em-
placement, a compression-extension model helps to ex-
plain large scale left-lateral movements. Due to a N-S
compression (Text-Fig. 9) the Zentralgneis bodies are rot-
ated clockwise along distinct faults. Transpression
causes that the prevariscan series are sandwiched and
squeezed out to SWat a low angle (Text-Fig. 10).
Orogen-parallel movements are indicated by (sub)hori-

zontal stretching lineations. Strike slip motion leads to
major lateral shape changes in the thickened wedge. The
fanning of the shear zones creates a "flower"-similar
structure. A sinistral transpressional model is applied to
interpret the local configuration of the pre-Alpine gneiss
bodies and the prevariscan series in the Central Tauern-
Window.

Acknowledgements
Formerreviewshavebeenmadeby Drs. L. RATSCHBACHER(Tübingen)

and G.W.MICHEL(Potsdam). Dr. U. RING(Mainz), A.K. SEATTELYand T.
PLETSCHimproved later English versions. All this is greatly acknow-
ledged.

NNW

Z " ~, \3.
)(

)(

x (: x x xx
1000 I IX x, X x x x"

0 x x , x x x / x
m , IX X x

I I /, I

I /
I ,,- ISSE

" I \1.
\,

~ x

x x
x

1000 x x x xx

i x x x x x X
? X X

Text-Fig.10.
Flowersimilar structure. SectionsY-Y' andZ-Z' seeText-Fig.9.
1 = Salzach-fault,2 = Mesozoiccover,3 = Ahrntal-fault.
Transpressionis seen to be the driving mechanismfor the "squeezingout" of the prevariscanseries at a low angle towards Wand E. Sinistral
strike-slip motions createa fanning of steeplydipping shearzones.

501



References

ANGELlER,J. (1979): Determination ofthe mean principal direction
of stresses for a given fault population. - Tectonophysics, 56,
17-26.

BEHRMANN,J.H. (1988): Crustal-scale extension in a convergent
orogen: the Sterzing-Steinach mylonite zone in the Eastern
Alps. - Geodinamica Acta, 2 (2), 75-88.

BERTHE,D., CHOUKROUNE,P. & JEGOUZO,P. (1979): Orthogneiss,
mylonite and non coaxial deformation of granites: the example
of the South Armorican Shear Zone. - J. Struct. Geol., 1(1),
31-42.

BRUN, J.P. & MERLE,O. (1987): Experiments on folding in sprea-
ding - gliding nappes. - Tectonophysics, 145, 15-42.

CORNELIUS,H.P. & CLAR, E. (1939): Geologie des Glocknergebiets.
- Abh. Reichst. Bodenforsch., 25 (1), 1-304.

ETCHECOPAR,A. (1977): A plane kinematic model of progressive
deformation in a polycrystalline aggregate. - Tectonophysics,
39,121-139.

FRANK,w., KRALIK, M., SCHARBERT,S. & THÖNI, M. (1987): Geo-
chronological data from the Eastern Alps, 272-282. - In: FLÜ-
GEL,H.W. & FAUPL,P. (eds.): Geodynamics of the Eastern Alps,
1987,418 pp.

FRASL,G. (1958): Zur Seriengliederung der Schieferhülle in den
Mittleren Hohen Tauern. - Jb. GeoI.B.-A., Wien, 101,323-472.

FRISCH,W. (1974): Ein Typ-Profil durch die Schieferhülle des Tau-
ernfensters: das Profil am Wolfendorn (westlicher Tuxer
Hauptkamm, Tirol). - Verh. Geol. B.-A., 2/3, 201-221, Wien.

FRISCH,W. (1977): Der alpidische Internbau der Venedigerdecke
im westlichen Tauernfenster (Ostalpen). - N. Jb. Geol. Pal. Mh.,
11,675-696.

FRISCH,W. & RAAB, D. (1987): Early Paleozoic Back-Arc and Is-
land-Arc Settings in Greenstone Sequences of the Central Tau-
ern Window (Eastern Alps). - Jb. Geol. B.-A., Wien, 129 (3/4),
545-566.

GRUNDMANN,M. & MORTEANI,G. (1985): The Young Uplift and Ther-
mal History of the Central Eastern Alps (Austria/Italy), Evidence
from Apatite Fission Track Ages. - Jb. Geol. B.-A., Wien, 128
(2),197-216.

HANMER,S. (1986): Asymmetric pull-aparts and foliation fish as
kinematic indicators. - J. Struct. Geol., 8, 82-111.

HOERNES,S. & FRIEDRICHSEN,H. (1974): Oxygen isotope studies on
metamorphic rocks of the Western Hohe Tauern (Austria). -
Schweiz. Min. PetroMitt., 54, 769-788.

MALAVIELLE,J., LACASSIN,R. & MATTAUER,M. (1984): Signification
tectonique des lineations d'allongement dans les Alpes occi-
dentales. - Bull. Soc. Geol. France, 26, (5), 895-906.

LAMMERER,B. (1988): Thrust-regime and transpression regime
tectonics in the Tauern Window (Eastern Alps). - Geol. Rdsch.,
77, 1,143-156.

PLATT,J.P. (1984): Secondary cleavages in ductile shear zones.-
J. Struct. Geol., 6 (4), 439-442.

RAITH,M., RAASE,P., KREUZER,H., & MÖLLER,P. (1978): The age of
the Alpidic Metamorphism in the Western Tauern Window, Aus-
trian Alps, according to Radiometric Dating. - In: CLOOS, H.,
ROEDER,D., SCHMIDT, K. (eds.): Inter-Union Commission on
Geodynamics, Scientific Report No. 38 Alps, Apennines, Hel-
lenides, Stuttgart (Schweizerbartsehe Verlagsbuchhandlung),
140-148.

RATSCHBACHER,L. (1986): Kinematics of Austro-Alpine cover
nappes: Changing translation path due to transpression. -
Tectonophysics, 125, 335-356.

RATSCHBACHER,L., NEUBAUER,F., FRISCH,w., NEUGEBAUER,J. &
SCHMID, S.M. (1989): Extension in compressional orogenic
belts: the Eastern Alps. - Geology, 1-15.

REICHERTER,K. & FIMMEL, R. (1990): Korrelation geochemischer
und zirkontypologischer Untersuchungen an Zentralgneisen
des Zentralen Tauernfensters (Penninikum, Ostalpen). - Ab-
stract-Band, TSK III, Graz, 172.

SANDER, B. (1921): Zur Geologie der Zentralalpen. - Jb. Geol.
St.-A., Wien, 3/4,173-224.

SCHMID, S.M. & CASEY, M. (1986): Complete Fabric Analysis of
Some Commonly Observed Quartz C-Axis Patterns. - Geophy-
sical Monograph 36. -In: Mineral and Rock Deformation: Labo-
ratory Studies, The Paterson volume.

SELVERSTONE,J. (1985): Petrologic constrains on imbrication, me-
tamorphism and uplift in SW Tauern Window, Eastern Alps. -
Tectonics, 4, 687-704.

SELVERSTONE,J. (1988): Evidence for East-West crustal extension
in the Eastern Alps: implications for the unroofing history in the
Tauern Window. - Tectonics, 7 (1), 87-105.

SIMPSON,C. & SCHMID, S.M. (1983): An evaluation of criteria to
deduce the sense of movement in sheared rocks. - Bull. Geol.
Soc. Am., 94,1281-1288.

STEYRER,H.P. (1983): Die Habachformation der Typlokalität zwi-
schen äußerem Habachtal und Untersulzbachtal (Pinzgau/
Salzburg). - Mitt. Oesterr. Geol. Ges., Wien, 76, 69-100.

TOLLMANN,A. (1977): Geologie von Österreich. Band 1. - Wien
(Deuticke), 766 pp.

VAVRA,G. (1989): Die Entwicklung des penninischen Grundgebir-
ges im östlichen und zentralen Tauernfenster der Ostalpen -
Geochemie, Zirkonmorphologie, U/Pb-Radiometrie. - Tübin-
ger Geowissenschaftliehe Arbeiten, Reihe A, Nr. 6, 148 pp.,
Tübingen.

WINKLER,M., FIMMEL,R., FRISCH,W. & REICHERTER,K. (1990): Die
magmatische Entwicklung der Zentralgneise im Zentralen Tau-
ernfenster (Penninikum, Ostalpen). - Abstractband, TSK III,
Graz, 248-249.

Manuskript bei der Schriftleitung eingelangt am 22. Oktober 1992.

502


	Reicherter, Klaus;Fimmel, Romana;Frisch, Wolfgang: Sinistral Strike-Slip Faults in the Central Tauern Window (Eastern Alps, Austria): a Short Note.- Jahrbuch der Geologischen Bundesanstalt, 136/2, S.495-502, 1993.
	Seite 496
	Seite 497
	Seite 498
	Seite 499
	Seite 500
	Seite 501
	Seite 502

