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Strukturuntersuchungen in der westlichen Habach-Gruppe
{Tauernfenster, Salzburg, Osterreich)

Zusammenfassung

Die Habachmulde enthdit Metabasite, basische Vulkanoklastika, graphitfiihrende und graphitfreie Metasedimente, Quarzite, saure Metavulkanite
und intermedidre Amphibol/Biotit-Epidot-Plagioklas-Gneise. Die Knappenwandmulde besteht iiberwiegend aus Metabasiten und sauren Orthognei-
sen sowie untergeordnet aus Metasedimenten. Die Gesteine der Knappenwandmulde wurden von den Granitoiden des Knappenwandgneises intru-
diert. Der Gesteinszug des Knappenwandgneises wird als Teil der Siidiichen Sulzbachzunge (Zentralgneis) gedeutet.

Praaipidische Deformationsstrukturen sind selten. In der ersten alpidischen Deformationsphase entstanden sehr enge bis isoklinale GroBfalten mit
Amplituden bis etwa 5 km. Wéhrend dieser Phase wurden die Gesteine der Habachgruppe zur Habachmulde und Knappenwandmulde gefaltet. insbe-
sondere der Internbau der Habachmulde belegt ihre Synkiinalstruktur. Die Zentralgneiszungen reprasentieren zugehtrige Antiklinalstrukturen. In
einer zweiten Deformationsphase wurde die erste Faltengeneration nahezu koaxial zu einer groBen Antiformstruktur (Sulzauer Antiform) gefaltet. In
der dritten aipidischen Phase wurden alte Bewegungsbahnen reaktiviert. Sehr spat entstanden bruchhafte Stérungen.

*} Author’s address: Dipl.-Geol. MicHAEL KUPFERSCHMIED, Institut fiir Allgemeine und Angewandte Geologie, Ludwig-Maximilians-Universitdt Min-
chen, LuisenstraBe 37, B-8000 Miinchen 2.
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Abstract

The rocks of the Habach syncline comprise metabasites, basic volcaniclastics, graphitic and non-graphitic metasediments, guartzites, acidic
metavoicanics and intermediate amphibole/biotite-epidote-plagiociase-gneisses. tn the Knappenwand syncline mainly metabasites and leukocratic
orthogneisses as well as metasediments occur. The Knappenwand gneiss shows intrusive contacts to the Knappenwand syncline and is considered to
be part of the metagranitoids of the Southern Sulzbach Zentralgneis.

Pre-Alpidic structures are rare. During the first Alpidic deformation phase very tight to isoctinal large scale folds with amplitudes of about 5 km
formed. The rocks of the Habach Group were folded into two large synclines, while the so-called Zentralgneis-Zungen (“tongue”-like structures)
represent their associated anticlines. The internal structure of the Habach syncline reflects its synformal nature. A second deformational phase
refolded the first folds nearly coaxially and created an antiformal structure (Sulzauer antiform). In the third Alpidic phase old faults were reactivated.

1. Introduction

In the past many geologists who worked in the region of
the Habach Group focussed on mineralogical and geo-
chemical topics (e.g. GRUNDMANN, 1983; STEYRER, 1982) or

problems on ore deposits (e.g. HOLL & SCHENK, 1988). Few
dealt with tectonic problems since the basic publications
of FRASL (1953, 1958), e.g. FRISCH (1977, 1980), REITZ et al.

z 7 P e —— —
y/ ///// -MITTERSILL —— =5 —= UT1ENDORF S
7, - == KAPRUN )
BRAMBERG — LU =
5 o Ty SR 8\ ey e s ¢
EUKIRCHEN 7 ~ DUBACHI W] i T T T R - = A\
Solradn A HABACH SEEES cess il N A
~ ~— PRl N A G N s A e G NNSSE 3N
(RIMML CRESSEAN NGO m BT W ER SR -
SN ) DR R S [ S
b v (VR RV V) .\ oI EUN - Ay Manan/Pianll 53 Al
VAV~ €. . <. ¥ e P
A S v A4/~ 9{’3, v o~ N c&;’ T "-"'—"4
vvcv' Y. v v "cvv v v ¢ N\ - "-“-"J
v v%svv{% S v ”:8‘—"::—
yvv.‘v v%% vvog gvvv %Q _—:—:
vv vy v \.’lav svv i S — T
N °¢\4 VvV Vv :—:-:—
x (> VVVY VYV J:l?_-:::
- vy vOy v e ]I
X X X X % X X X P2, Granatspize™ ¥V v Y- - - - T
Grofivenediger NV e~ ]
X XX x x4 o vas v v Q T
o 0NV v RS gy
e e K /v i e e v . i
. - NaY\d e e ai
NESESTSEE R : T
gL 2 NI
- R | L S Sl
0 20 «Okm SO T b e = AT T
[ — i o e e - -
E£-=] Jiingere Schieferhiille =] graywacke zone Working area:
- Hachelkopf marble EZ/J} quartzphyilitc zone 1 Northem Sulzbachzunge
. ; ; : 2 Knappenwand syncline
VI ite gneiss i Matrei zone, Krimmler Trias,
granite gne }Zentralgneis iii) Wenns-Veitlehener marble 3 Southern Sul@achzunge
tonalitic gneiss | 773 pre-Alpidic crystalline rocks 4 Habach syncline
B33 south of the Hohe Tauern 5 Habachzunge
serpentinite
[C=7] Habach group (and Serie der Alten Gneise)
. o ge . . 10k
NN Basisamphibolit and Zwolferzagkristallin L—..:-__«?_.—:_n.; m

Fig. 1.
Generalized map with the working area in the Tauern Window (modified after SCHENK & HOLL, 1989).
The lines mark the locations of the cross sections in Fig. 7.
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(1989). But only structural investigations combined with
detailed mapping can elucidate the lithostratigraphic rela-
tionships of the Western Habach Group.

Tectonic studies in polymetamorphic areas are subject
to major problems because of the complex structures re-
sulting already after two deformation events. It is often
overlooked that already two non-coaxial deformations
produce at least 4 different orientations of fold axes (RaM-
saY & HUBER, 1987). Geological studies in the Habach
Group have to consider not only the Alpidic metamorph-
ism but also pre-Alpidic events and deformations. Pre-Al-
pidic metamorphic mineral relicts have been described
e.g. by CORNELIUS (1944) and by KOLLER & RICHTER (1984).

Following the concept of FRISCH (1977, 1980) the work-
ing area belongs to the Venediger nappe. Its Alpidic tec-
tonic style is characterized by competent Zentralgneis cu-
polas with large wavelengths and small amplitudes di-
vided by schistose rocks forming steep and narrow syn-
clines with short wavelengths and high amplitudes
(FRISCH, 1980).

In the Western Tauern Window the Alpidic tectonic his-
tory has been subdivided into 4 deformational phases
D,-D, by LAMMERER (1988): During the transport of nap-
pes (= D, ) over the Tauern Window large scale tight to iso-
clinal recumbent folds (= D, ) formed with amplitudes of up
to 5 km. Subsequent refolding by slightly inclined large
scale folds (= D3) shows wavelengths of about 10 km. Brit-
tle deformation (= D) accompanied the uplift of the Tauern
Window. The phases D, and D, are expressions of a thrust
regime, while D5 and D, are interpreted as the results of a
transpressional regime. Large scale folds in the north-
western Tauern window are also described by MILLER et al.
(1984) and SENGL (1991). BEHRMANN & FRISCH (1990) pos-
tulated sinistral shearing in the Greiner syncline.

The aim of this paper is to present a short overview
about the structural development of the working area. The

resulting consequences for the lithostratigraphic se-
qguence of the Habach Group are not considered here. A
new model for the lithostratigraphy will be presented else-
where after finishing all studies. This paper summarizes
two years of own mapping and field work. In part the maps
of 6 unpublished diploma theses (LAURE, 1985; DIETRICH,
1985; CARL, 1988; AIGNESBERGER, 1988; TOEPEL, 1988;
GNIELINSKI, 1989) could be used.

2. Geological Setting

The study area is located at the northern margin of the
Tauern Window (Fig. 1). The Tauern Window is subdivided
into the Zentralgneis Cores, the Altere Schieferhiille and
the Jiingere Schieferhiille. The Altere Schieferhiille re-
presents in part the late Proterozoic to Paleozoic roof of
the Zentralgneis granitoids, which intruded during Varis-
can times (e.g. CLIFF, 1981). The deposition of Mesozoic
sediments on both the roof and the Zentralgneis was con-
firmed by geological research in the Western Tauern Win-
dow (e.g. LAMMERER, 1986, 1988).

The Jiingere Schieferhiille is considered to be the rem-
nants of the Penninic ocean thrusted over the Altere
Schieferhille and the Zentralgneis. The Habach Group is
part of the Altere Schieferhiille respectively the roof rocks
of the Zentralgneis granitoids.

In the study area rocks of the Habach Group, the Zen-
tralgneis and probable Mesozoic marbles occur. The Zen-
tralgneis bodies are generally refered to as so-called
Zungen (“tongue“-like structures). The polymetamorphic
rocks of the Habach Group form two large southwest -
northeast trending structures in the Variscan granitoids
(compare Fig. 2). In the geological literature these struc-
tures are called synclines. Hence the study area is subdi-
vided from northwest to southeast into
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Fig. 2.

Generalized map of the working area from STEYRER (1983) using data from FrasL (1953).

The Knappenwand gneiss is plotted as part of the Knappenwand syncline.
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¢ Northern Sulzbachzunge (Zentralgneis) Krimmler
¢ Knappenwand syncline (Habach Group) Gneis-
¢ Southern Sulzbachzunge (Zentralgneis) walze

® Habach syncline (Habach Group)
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A true synclinal structure was sometimes assumed for
both the Knappenwand and Habach synclines in literature
but never confirmed up to now by detailed structural stu-
dies. The newly found intrusive contacts along the south-
western margin of the Knappenwand syncline (see chap-
ter 3.2.) however provide good arguments to regard the
Habach Group as the Variscan roof rocks indeed. Consid-
ering their fold structures (see chapter 4.) a true synclinal
nature for both the Habach and the Knappenwand syn-
cline is therefore strongly supported.

FRrAsL (1953) introduced the tectonical concept of the
so-called Krimmler Gneiswalze for the region of the West-
ern Habach Group. In this concept the two Sulzbach-
zungen and the Knappenwand syncline (including the
Knappenwand gneiss) are considered as one cylindrical
geological body (= the Krimmler Gneiswalze) formed dur-
ing the main Alpidic deformation phase (Fig. 2).

In the north the rocks of the Tauern Window are cut by
the Salzach fault which separates the Tauern window from
the Austroalpine units. The southern contact of the Ha-
bachzunge to amphibolites of the Habach Group is re-
presented by the Leckbach fault.

3. Lithological Units

In the following chapter the rocks of the working area are
briefly characterized. A detailed petrographic description
will be presented elsewhere. The lithostratigraphic term
Habach Group is used here according to HEDBERG (1976).
For a thorough discussion about the correct lithostrati-
graphic nomenclature considering the Habach unit see
SCHENK (1990).

3.1. The Habach Group

The metabasicrocks comprise mainly different types
of amphibolites of both intrusive and extrusive nature.
These rocks have been thoroughly studied by SCHARBERT
(1956), STEYRER (1982), STEYRER & HOCK (1985) as well as
by SEEMANN & KOLLER (1989). Metagabbros are described
e.g. by HOCK & PESTAL (1990). Fine-grained acidic clasts
(=20 cm) in basic volcanoclastic deposits prove the exist-
ence of bimodal volcanism. The extruding volcanic mater-
ial incorporated plutonic clasts (- 40 cm) of intermediate
composition as well as rare quartzite clasts. Epidosites
are mainly associated with the metabasites of the Knap-
penwand syncline. The epidosites are the host rocks for
the famous epidotes found in Alpidic fissure veins. The
epidosite layers partly show clast-like structures which
probably are the result of boudinage.

Metasediments arefrequentin the Habach syncline.
The Habach phyllites (FRASL, 1953) sensu stricto repres-
ent metamorphosed bituminous shales. Deposition in an
anoxic environment lead to the conservation of microfos-
sils in these rocks: REITZ & HOLL (1988) discovered acri-
tarchs as the first fossils of the Habach Group and con-
firmed an upper Riphean to Vendian age for them. Also
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graphitic phyllites near the Gerlos pass north of the Farm-
bichl yielded Upper Proterozoic acritarchs (REITz et al.,
1989). Besides the phyllitic rock types graphitic schists
and quartzites can be found in the Habach syncline. Wide-
ly distributed are also non-graphitic mica schists and
paragneisses (see also STEYRER, 1982; DIETRICH, 1985).
Many different types of quartzites (kyanite quartzites,
muscovite quartzites, pyrite quartzites) as well as pyritic
muscovite schists are summarized as the quarzite unit in
this paper. This unit occurs in the Untersulzbach and
Obersulzbach Valley. Accessory topaz (KARL, 1954) in
these rocks is unique in the Eastern Alps. In the Knappen-
wand syncline metasedimentary rocks are not as frequent
as in the Habach syncline. They comprise banded gneis-
ses, mica schists and metaconglomerates. Recently
found marbles (Fig. 3) are also of sedimentary nature ac-
cording to isotope analyses (CARL, 1988). The marbles can
locally be altered to calcsilicate rocks.

Acidic metavolcanics (Heuschartenkopf gneiss,
sensu FRAsL, 1949) form a lithostratigraphic marker hori-
zon in the Habach syncline. They may show porphyric tex-
tures with feldspar or quartz phenocrysts. In the past
these rocks of the Habach Group have partly been
mapped together with fine-grained Zentralgneis equival-
ents (kalifeldspar-plagioclase-gneisses, see chapter 3.2.)
as albite gneisses (STEYRER, 1982). Distinguishing both
units in the field is difficult but essential. Pyroclastic com-
ponents often indicate a metavolcanic protolith forming

Fig. 3.

Light-coloured marble horizon showing superposed folding (Knappen-
wand syncline).

Location: About 400 m north of the Sdllenkar Kogel, 2700 m above sea
level.




Fig. 4.

Typical porphyric Knappenwand gneiss with schlie-
ren of cumulated feldspar phenocrysts.

Scale = 1 Austrian Schilling. Location: Roll-block
on the eastern banks of the Untersulzbach, 1050 m
above sea level,

part of the Habach Group. Basic volcani-
clastic intercalations in the acidic unit
reach a thickness up to 50 m.

In the Knappenwand Syncline a variety
of acidic orthogneisses is interca-
lated with the basic rocks. Acidic volca-
niclastic rocks and fine-grained intrusive
orthogneisses with rare xenoliths are
present. At least some of the coarse-
grained types of orthogneisses have to
be attributed to the Zentralgneis varie-
ties present at the contacts of the Knap-
penwand syncline.

The high-K intermediate amphibole/biotite-epi-
dote-plagioclase gneisses with transitions to am-
phibolites were investigated by STEYRER (1982). These
rocks occur in the Peitingalm area (Habach valley) and are
probably of volcanogenic origin. CARL (1988) proposed a
close relationship to the Achselalm metadiorite based on
geochemical analyses.

3.2. The Zentralgneis

The rocks of the three Zentralgneiszungen are predomi-
nantly coarse-grained. They may locally show feldspar
phenocrysts and biotite/chlorite-rich schlieren. Aplites
are common in the Northern Sulzbachzunge. Xenoliths of
the roof rocks are frequent in the Southern Sulzbach-
zunge. Unambiguous intrusion contacts are seldom as a
result of the strong deformation. Small bodies of Zentral-
gneis can be present locally in the rocks of the Habach
Group.

The so-called Knappenwand gneiss (Fig. 4) is an
orthogneiss of rhyolithic to dacitic composition (STEYRER,
1983; SEEMANN & KOLLER, 1989) with kalifeldspar pheno-
crysts. In the past its genesis has been the reason for con-
troversial discussions: FRASL (1953) and STEYRER (1982,

1983) consider this gneiss as a metavolcanic rock and as
part of the Knappenwand syncline (Fig.2). KaRL and
SCHMIDEGG (geological map 151 Krimml) regard these
rocks as part of the Southern Sulzbach Zentralgneis. The
normal non-porphyric granitic gneiss of the Southern
Sulzbachzunge passes into the Knappenwand gneiss by
continuous enrichment of large kalifeldspars (1-3 cm).
This transition zone was already described by FRASL
(1953). But also in the normally non-porphyric Zentralg-
neis type cumulated kalifeldspar phenocrysts sometimes
occur (Fig. 5). Aplites and xenoliths in the non-porphyric
type and the Knappenwand gneiss are equally frequent.
Furthermore recently discovered intrusive contacts
(Fig. 6) as much as frequently occurring concordant sills in
the southwestern Knappenwand syncline confirm the plu-
tonic nature of the Knappenwand gneiss. Its close rela-
tionship to the Southern Sulzbach Zentralgneis leads to
an interpretation as a porphyric Zentralgneis type. The
continuous enrichment of the kalifeldspars at the ap-
proach of the Knappenwand syncline rocks supports this
interpretation: In the roof regions of high plutonic bodies
(here: Southern Sulzbach Zentralgneis) often magmatites
with accumulated feldspars occur (here: Knappenwand
gneiss).

As a consequence the Knappenwand gneiss is not a
constituent of the Knappenwand syn-
cline (compare Fig. 2) like suggested e.g.
by FRASL (1953), but is part of the South-
ern Sulzbachzunge.

Fine-grained kalifeldspar-pla-
gioclase-gneisses crop out along
the southern border of the acidic meta-
volcanics (see chapter 3.1.). U-Pb age
determinations on zircons of rock sam-
ples collected near bridge 1107 in the Ha-
bach valley yielded a magmatic age of
about 334 Ma (VAvRA & HANSEN, 1991).
The investigated rock type was des-

Fig. 5.

Feldspar phenocrysts concentrated around a xeno-
lith in normal non-porphyric Zentralgneis of the
Southern Sulzbach Zunge.

Scale = 10 Austrian Groschen. Location: Untersulz-
bach valley, 15 m southwest of bridge, 1153 m
above sea level.
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Fig. 6.

Knappenwand gneiss granitoids intruding metase-
diments with a pre-Variscan layering.

Location: Northwestern Seebachkar, 2300 m above
sea level.

cribed as a high-K metarhyolite. The
sampling locality (written comm. VAVRA)
lies within the kalifeldspar-plagioclase-
gneisses according to own mapping. The
resulting age agrees very well with Varis-
can Zentralgneis ages (e.g. CLIFF, 1981).
Furthermore a volcanogenic protolith
could not be confirmed petrographically.
This evidence favours an interpretation
as a fine-grained Zentralgneis equivalent
as already assumed by FRASL (1949).
Medium-grained metagranitoids
that are locally amphibole-bearing occur
at the so-called Kuh near the contact of
the Habach syncline to the Habachzunge. They show
strong epidotization and saussuritization and often con-
tain dark, biotite-rich xenoliths. At the Schottmeiler these
orthogneisses are intruded by coarse-grained granitoids.

3.3. The Hachelkopf Marble

The Hachelkopf marble is a very pure calcite marble that
typically shows a grey and white respectively yellowish
layering. It is suggested to be the stratigraphic equivalent
to the Jurassic Hochstegen marble and was described in
detail by FRASL (1953). Together with basal quartzites and
graphitic schists the Hachelkopf marble forms the hang-
ing wall of the Southern Sulzbachzunge (including the
Knappenwand gneiss). It is tectonically overlain by the Ha-
bach syncline. The marble has been subject to strong
shearing and boudinage according to own field studies.
This indicates the presence of a major thrust, which is
termed Hachelkopf thrust in this paper. Often up to three
thin subparallel marble horizons can be mapped along the
thrust. The marble reaches a thickness of about 10 m only
below the Hachelkopf peak. Due to the strong deformation
this rock cannot be considered as the autochthonous co-
ver of its foot wall.

4. The Structure
of the Western Habach Group

All cross sections presented here are based on detailed
mapping inascaleof 1 : 10000. A map of the working area
is in preparation. A series of cross sections is convenient
for the documentation of local structures. The profiles
Fig. 7a and b show the core of the Habach syncline in de-
tail. They provide a new interpretation of the Heuschar-
tenkopf area with respect to STEYRER (1983). To reveal the
interrelations of the huge fold structures in the working
area however there is need for a presentation as a whole.
For this reason a generalized cross section perpendicular
to the Alpidic fold axes was constructed (Fig. 8), like they
have been presented by LAMMERER (1988) for the western
Tauern Window. For the construction a mean value of
54°/26° was taken for the Alpidic B,; - and B,, -axes (see
chapter 4.5). Errors will be greatest for the eastern limb of
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the Habach antiformal syncline due to its shallow dipping
fold axis. In this area only maximum thicknesses are
shown.

In these presentations (Fig. 7, 8) itis noteworthy that the
complex internal structure of the Habach syncline reflects
its isoclinal fold structure. The acidic metavolcanics act as
amarker horizon. These rocks as well as amphibolites and
basic volcaniclastics can be traced around a core of inter-
mediate amphibole/biotite-plagioclase-epidote-gneis-
ses. The acidic metavolcanics overlie both metasedi-
ments in the northwest and basic metavolcanics in the
southeast (Fig. 8). In the uppermost part of the section the
acidic metavolcanics can be traced around the (subvol-
canic?) kalifeldspar-plagioclase-gneisses which intruded
between metabasites and the acidic metavolcanics. The
subsegently intruded granitoids of the Habachzunge are
dipping north at their northernmost occurence. On the
southern margin of the Habach syncline the structure is
complicated by a large parasitic fold developed during
phase Dg;.

4.1. Pre-Alpidic Events

Fold axes visible in the field can rarely be unambiguous-
ly attributed to a pre-Alpidic deformation. These axes
show a big scatter due to the overprinting by the Alpidic
folds. Relics of an old, probably Variscan cleavage cut by
the two Alpidic ones can often be seen microscopically in
the mica-rich Habach phyllites (sensu stricto).

During the intrusion of the Habachzunge granitoids a
huge block was separated from the roof rocks (now: Ha-
bach syncline). This block comprises amphibolites and
pyritic quartzites being typical for the quartzite unit of the
Habach syncline. These rocks are nowadays exposed
amidst the Habachzunge granitoids to the west of the
Foissenalm (Obersulzbach valley).

4.2. First Alpidic Phase D,

During and after the Alpidic thrusting of nappes over the
Tauern Window an extreme ductile deformation prevailed
in the Zentralgneis and the Habach Group rocks. In this
tectonic phase Dy; (= D, according to LAMMERER, 1988)
very tight to isoclinal, probably recumbent folds with am-
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Cross sections showing the core of the Habach syncline in the Heuschartenkopf area.
For locations compare Fig. 1.
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Cross section through the western Habach Group perpendicular to the Alpidic fold axes (no vertical exaggeration).
KWM = Knappenwand syncline, TNS = Salzach fault (not exposed), HtK = Hitteltalkopf, HK = Hachelkopf, SbA = Seebach Alm, PA = Peitingalm, SA =

Stocker Alm, ZK = Zwélferkogel. Heavy lines = faults and thrusts.

plitudes of about 5 km formed: The rocks of the Habach
Group were folded into the Knappenwand and Habach
synclines, while the Zentralgneiszungen represent their
associated anticlines (Fig. 8). Furthermore the folding
caused the formation of the dominating axial plane paral-
lel cleavage S,q . It is mainly oriented subparallel to the
lithological boundaries, except in Dp4 -fold cores where it
cuts through the lithology.

Along the Hachelkopf thrust the Hachelkopf marbles
acted as a detachment horizon. Here the Habach syncline
was thrust onto the Southern Sulzbach Zentralgneis and
the Hachelkopf marble. Macroscopic shear sense indica-
tors suggest movements directed about south to north.
Clues to such movements were already described by
FRASL (1953) in the Untersulzbach valley. Here the Zen-
tralgneis of the Southern Sulzbachzunge has been moved
over the Hachelkopf marble for at least 350 m. Also the
doubling of the sequence Knappenwand gneiss — Ha-
chelkopf marble in the eastern Aschbach supports north
directed movements.

In 1951 a marble outcrop was found by SCHMIDEGG at the
Aschbach creek at 1020 m above sea-level (mentioned by
FRASL, 1953). This marble occurrence was thought to in-
dicate that Hachelkopf marble rests on top of the Knap-
penwand syncline and even on the whole Krimmier Gneis-
walze (FRASL, 1953). This could not be confirmed. The af-
orementioned outcrop could not be found again during
field work. Nevertheless the presence of marble at this lo-
cality might be considered as a clue to north directed drag-
ging of imbricated marble along the Hachelkopf thrust.
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If a top-to-the-north sense of thrusting can be con-
firmed further, this would indicate a sedimentary deposi-
tion of the (now parautochthonous) Hachelkopf marble on
or south of the Southern Sulzbach Zentralgneis.

4.3. Second Alpidic Phase D,,

The originally recumbent D, -folds were refolded during
the deformation phase D,, in a large scale and nearly
coaxial. An antiformal structure with an amplitude in the
range of the D, -folds formed (Fig. 8). A very good ex-
posure of the Sp;—planes changing from northwestern to
southeastern dip is found along the scenic footpath to the
Untersulzbach cascades near Sulzau. Therefore this anti-
form is named Sulzauer antiform here. On its northern limb
it creates the diving structures already recognized by
FRASL (1953) and FRiSCH (1977). Associated synformes
have not been confirmed up to now. The axial surface of
the Sulzauer antiform is south-vergent and subparallel to
the Salzach fault. It approaches this fault from east to
west.

During Dy, the cleavage S, was locally intensively fold-
ed and crenulated. In mica-rich rocks a crenulation cleav-
age S,, formed.

4.4. Third Alpidic Phase Dy,

The situation below the Hachelkopf peak has been de-
scribed in detail by FRASL (1953): The shallow-dipping
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Schematic sketch of the structures beneath the Hachelkopf peak.

The Hachelkopf marbie and its basal rocks show a shallow dipping folia-
tion, boudinage and rare folds, while foot and hanging wall are strongly
folded (without scale).

marble horizon and its basal rocks cover the Knappen-
wand gneiss showing a steep schistosity. The Habach
syncline schists overlying the marble show a steep cleav-
age. FRASL (1953) noticed that this cleavage was younger
than the marble cover. Narrow folds appear more frequent-
ly with increasing distance to the marble (Fig. 9).

Due to own investigations the tectonic style over and
beneath the marble is dominated by south-vergent, para-
sitic Dy, -folds and a S,; crenulation cleavage dipping
mostly steep to the north. In contrast folds are rare in the
marble and its foliation is commonly shallow-dipping. The
marble must have been overprinted by late movements
along the Hachelkopf thrust. These Dy3 movements there-
fore clearly postdate the folding event D4, . More detailed
studies on the complex deformation history of the Ha-
chelkopf marble are in preparation.

There is evidence for similar late movements at the
Leckbach fault. The superposed fold system of the Ha-
bach antiformal syncline was cut by this fault in the area of
the Achselalm. The movements had an northeast-south-
west oriented component due to stretching lineation
measurements. At the Achselalm the shear plane is dip-
ping shallowly to the west, but changes its strike and dip
towards the Leckbach Scharte. There it dips steeply
north.

As the Tauern Window finally reached the transition zone
to brittle deformation the shear planes partly became true
brittle faults. At the Leckbach fault tectonically brecciated
amphibolites and biotite schists were cemented by
quartz.

4.5. Structural Analysis

The result of all deformation phases is a complex super-
posed fold system. While mapping this system the geolo-
gist has to be aware that on west slopes of the north-south
oriented mountain ranges he is moving approximatly in the
YZ-plane of the strain ellipsoid respectively in the XZ-
plane on east slopes. This effect results from the prolate
deformation (WEGER & LAMMERER, 1992) and the Ba, /Bas

axes dipping eastnortheast. This implies that approxi-

mate true profiles through the folds can only be seen on
the west directed slopes. Fold interference patterns are
rare (Fig. 10). According to RamsAY & HUBER (1987) they
mostly can be classified between the types E and F, just
like expected for nearly coaxially oriented fold axes.

The D4, /Dy, fold system was geometrically analyzed us-
ing a method of RamsaAy & HUBER (1987). In a superpos-

Fig. 10.
Fold interference pattern of carbonate layers within Habach phyllites.
Location = Street to the Reintal Alm, 1425 m above sea level.

ed fold system these authors suggest to differentiate do-
mains with (sub)eylindrical folds and fairly constant orien-
tation of fold axes. Borders of domains fulfilling theses
conditions are represented by the axial surfaces of the
Dy -folds and major faults. Habach syncline and Habach-
zunge have been analyzed analogue to this method. Struc-
tural data of this region are presented in Fig. 11:

Domain 1 represents the northwestern limb of the Ha-
bach antiformal syncline, domain 2 its southern to eastern
limb together with the bordering limb of the Habachzunge
(see Fig. 11A). The interlimb angle of the Sulzauer antiform
measures about 55-65°. Both domains show approxi-
mately subcylindrical folds. The resulting fold axis of do-
main 1 is oriented about 65°/22° (Fig. 11B), the axis of do-
main 2 about 50°/5° (Fig. 11C). These two directions re-
present the major axes By, of the second Alpidic folding.
These differently oriented, diverging axes give evidence
that the Dy, axial surface is not a plane but somehow dis-
torted. The D,, axial surface is clearly changing in the
easternmost part of the antiform, creating a range of axial
surfaces (Fig. 11D). This region is increasingly influenced
by the thrust of the Jungere Schieferhiille, the Salzach
fault and the Leckbach fault. The domain 2 fold axes there-
fore could have been originally subparallel to those of do-
main 1.

The refolded B, -axis is much more difficult to charac-
terize. Due to field measurements its orientation changes
around 60-70°/25° in the western part of the Habach syn-
cline. In the area of the Peitingalm a dip of at least 33° can
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5. Discussion and Conclusions

Regarding the Knappenwand gneiss as part of the
Southern Sulzbach Zentralgneis has important conse-
quences: The parautochthonous Hachelkopf marble is
covering not the whole Krimmler Gneiswalze but only the
Southern Sulzbach Zentralgneis. A mesozoic cover of the
Northern Sulzbach Zentralgneis and the Knappenwand
syncline is not exposed. If Hachelkopf marble exists in
contact to the Knappenwand syncline rocks, its position
most probably results from north directed dragging along
the Hachelkopf fault. This is at variance with FRiscH (1977)
considering the Knappenwand syncline as a pre-Al-
pidic structure with an autochthonous mesozoic cover
(Fig. 12).

FRASL (1953) proposed the Krimmler Gneiswalze to have
suffered a different tectonic history than its hanging wall
during the main Alpidic deformation events. This can only
be confirmed for the late D,; deformation. S,; cleavage

Fig. 12.

Schematic sketch of the structures of the Venediger nappe (from FRISCH,
1977). The Hachelkopf marble is considered as the autochthonous cover
of the Krimmler Gneiswalze.

KG = Krimmler Gneiswalze, HZ = Habachzunge, ZK = Zillertal Zentralg-
neis core, AK = Ahorn Zentralgneis core, TK = Tux Zentralgneis core, WD
=Wolfendorn nappe, HT = Hdllenstein synform, VL = Venediger Zentralg-
neis lobe.
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Krimmler Gneiswalze

Fig. 13.

Sur poles measured in the Krimmler Gneiswalze.

The distribution of poles agrees well with that of the Habach syncline
(Fig. 11B). The lower frequency of shallow dipping planes causes a rela-
tively large dip error of the computed By, axis 61°/7° (star).

planes (Fig. 13), lineations as much as fold vergence and
fold styles show almost no differences in both areas. The
Krimmler Gneiswalze is therefore considered as part of the
Sulzauer antiform.

The Habach syncline shows the structure of a true iso-
clinal syncline like often assumed in literature. The Ha-
bachzunge is considered as its associated antiform. The
Knappenwand syncline and the Southern Sulzbach
Zentralgneis show similar structures. These D,; folds
were refolded nearly coaxially creating the Sulzauer anti-
form. It is supposed that this antiform is identical with the
one creating the Ahorn Zentralgneis core and the diving
structures of the northern Schénach syncline. Antiformal
structures seem to be a common feature of the northern
Altere Schieferhiille and the Zentralgneis cores.
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