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evolution of the Western Austroalpine and Southalpine basement
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1 Goals and highlights of the excursion

The visited area highlights the polyphase tecto-
nic and metamorphic evolution of the western
end of the Eastern Alps (Fig. 1). While the Austro-
alpine units bear substantial information related
to the Cretaceous evolution/orogeny, the Tauern
window exposes units and rocks of European pro-
venance, metamorphosed and deformed during
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Tertiary collision. With additional stops in the Sou-
thern Alps the excursion provides insight in the
pre-Alpine (e.g. Variscan) evolution of this area.
During the Neogene the final shaping of this area
occurred in the context of lateral extrusion and
exhumation.
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Fig. 1: Tectonic map of the Eastern Alps after Schuster (2003, written comm.).
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2 Geologic setting

2.1 Tectonic and metamorphic evolution

Based on their position within the Alpine orogen
(Fig. 2) the individual lithostratigraphic units
of the Austroalpine unit experienced different
metamorphic histories during these four meta-
morphic events mentioned above. Most of the
units are polymetamorphic, but several of them
experienced only oneimprint: e.g.in the Silvretta-
Seckau-, Otztal-Bundschuh- and Drauzug-Gurktal
nappe systems, as well as in the Greywacke zone

Eo-Alpine metamorphism

units with a dominating Variscan metamorphic
imprint occur. In many cases they are trans-
gressively overlain by unmetamorphosed or
very-low grade metamorphic Permomesozoic
sequences, whereas others experienced an addi-
tional eo-Alpine overprint. Most of the units in
the Koralpe-Wolz nappe system experienced a
Permio-Triassic imprint and an eo-Alpine over-
print which reached up to eclogite facies condi-
tions. However, parts of the Wolz- and Radenthein
Complexes show only the eo-Alpine metamor-
phic imprint.
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Fig. 2: Tectonostratigraphy of the Austroalpine, Penninic and Subpenninic nappes after Schuster (2003, written comm.).
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In the Eastern Alps, the metamorphic Austroal-
pine basement typically shows polymetamor-
phism due to a sequence of metamorphic over-
prints, affecting this part of the Alps (Oberhansli
et al., 2004; Schuster et al.,, 2004). The most domi-
nant metamorphic overprints are the Variscan-
and the Eo-Alpine metamorphic event (Hoinkes
etal, 1999; Neubauer et al., 1999; Thoni, 1999). In
recent years, geochronological data also point to
a widespread Permian thermal overprint mainly
observed in the eastern part of the Austroalpine
units (Schuster et al., 2001). Since Paleozoic times
it was affected by four regional metamorphic
events (Oberhansli et al.,, 2004, Schuster et al.,
2004) in the Ordovician (Fig. 3), the Late Devo-
nian to Carboniferous (Fig. 3), Permian (Fig. 4),
Cretaceous (Fig. 5) and Oligocene to Miocene

times. The Ordovician metamorphic event occurs
only locally in the Otztal Complex as migmatites.
The Late Devonian to Carboniferous imprint is
related to the Variscan orogenic cycle and occurs
throughout the Austroalpine. In Permian times
large parts of the Austroalpine units were affec-
ted by lithospheric extension and related high-
temperature/low-pressure metamorphism. The
eo-Alpine tectonothermal event in the Cretace-
ous is due to intracontinental shortening within
the Austroalpine unit. Finally in Oligocene to
Miocene times a thermal influence of the Alpine
metamorphic event, related to the continental
collision after the closure of the Penninic oceans
can be recognised in the tectonically lowermost
Austroalpine units to the south of the Tauern
Window.
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Fig. 3: Regional distribution of the pre-Variscan- and Variscan metamorphic overprint in the Eastern Alps (modified after

Schuster, 2013, written comm.).
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Fig. 4: Regional distribution of the Permian metamorphic overprint in the Eastern Alps (modified after Schuster, 2013,
written comm.).
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Fig. 5: Regional distribution of the eo-Alpine metamorphic overprint in the Eastern Alps (modified after Schuster, 2013,
written comm.).
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2.2 Tectonic overview

In the following a brief description of the different
units as shown in Fig. 6 will be given:

Fig. 6: Tectonic map of the Brenner area (from Schmid et al.,
2004): 12: upper crust Southern Alps, 13: post Variscan cover
Southern Alps, 16, 17, 18: Upper Austroalpine nappes (NCA
and GW2), 21: Upper Austroalpine basement nappe OC, 22:
Upper Austroalpine basement nappe Texel complex, 23:
Upper Austroalpine basement nappes (Campo, Innsbruck
quartzphyllite), 24: Lower Austroalpine basement nappe,
26: Upper Penninic nappe, 32: lower Penninic nappe, 33:
Sub-Penninic: Mesozoic cover, 34: Sub-Penninic: non eclo-
gitic basement, 35: Sub-Penninic: eclogitic basement.

The Tauern Window (Fig. 6, units 32-35) expo-
ses Penninic and sub-Penninic (European distal
margin) units in the footwall of the Austroalpine
nappe complex, which forms the hanging-wall
plate during Tertiary plate collision. The units
within the Tauern Window are separated into
several nappes that are characterized by typical
lithofacial assemblages. From the footwall to the
hanging-wall, the nappe stack includes:

(1) The Venediger Nappe and the Wolfendom
Nappe comprising a pre-Variscan basementintru-
ded by Variscan granitoids (Zentralgneis cores)
and a cover sequence of Jurassic metacarbonates,
and Cretaceous metapelites and metapsammites.
(2) The Storz and Riffl Nappes comprising Variscan
and Alpidic polymetamorphic basement rocks
covered by the late Palaeozoic(?) or Cretaceous(?)
metapelites and graphitic quartzites.
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(3) The Eclogite Zone which is restricted to the
central southern Tauern Window and which is
characterized by a Mesozoic volcano-sedimen-
tary sequence.

(4) The Rote Wand-Modereck Nappe, consisting
of basement rocks which are covered by Permian
to Triassic quartzites and Triassic metacarbona-
tes, Jurassic breccias, calcareous micaschists and
metatuffs as well as Cretaceous metapelites and
metapsammites.

(5)The Glockner Nappe, which containsan oceanic
basement (serpentinites and ultramafic rocks)
and a partly incomplete ophiolithic sequence.
(6) The Matrei Zone, interpreted to represent
an accretionary wedge that is characterized by
metamorphic flysch sediments, breccias and
olistolithes mainly of Austroalpine derivation.

(7) The Klammkalk Zone, consisting of calcareous
schists, massive marbles and minor phyllites, for-
ming a low-grade metamorphic equivalentto the
‘Blindnerschiefer’in the Glockner Nappe.

These units are surrounded by the remnants
of Lower Austroalpine units. The Eclogite Zone
contains mafic eclogites of tholeiitic and slightly
alkaline chemical composition (Miller, 1974, 1977,
1987). The protoliths are assumed to be basalts
with an intra-plate character (Hock and Miller,
1987). They are often retrogressed to garnet-
amphibolites and garnet-bearing greenschists
due to a Barrovian-type, greenschist to amphi-
bolite-facies overprint. The associated metasedi-
ments experienced the same high-pressure meta-
morphism (Franz and Spear, 1983; Dachs, 1986,
1990; Spear and Franz, 1986). The rocks exposed
within the Eclogite Zone experienced a polyphase
metamorphic evolution. Starting with inclusions
in garnets, which are sometimes interpreted as
pseudomorphs after lawsonite, a first stage of
metamorphism at ca. 400°C can be deduced (Mil-
ler, 1977, 1986; Frank et al., 1981, 1987). Eclogite-
facies metamorphism is only rarely documented
and is only observed clearly in the Eclogite Zone.
The eclogite-facies rocks were buried to a depth
of at least 65 km (20 kbar, 600°C; Holland, 1979;
Dachs, 1986, 1990; Frank et al., 1987a; Droop et
al., 1990; Selverstone et al., 1992; Zimmermann
et al., 1994; Getty and Selverstone, 1994). On the
other hand, the entire nappe pile of the Tauern
Window was subsequently affected by pervasive
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blueschist-facies metamorphism with P-T condi-
tions ranging from 7-15 kbar and ca. 450°C (Raith
et al., 1980; Holland, 1979; Zimmermann et al.,
1994; Holland and Richardson, 1979; Selverstone
etal,, 1992; Cliff et al., 1985; Droop, 1985; Holland
and Ray, 1985; Frank et al., 1987; Selverstone,
1993). Finally, the entire nappe pile was affected
by Barrovian-type upper greenschist to lower
amphibolite-facies metamorphism (e.g., Frank et
al., 1987a; Selverstone, 1993). Phengite “°Ar-3°Ar
mineral ages of ca. 36-32 Ma (Zimmermann et al.,
1994) from the Eclogite Zone are interpreted to
represent cooling ages subsequent to Eocene
blueschist-facies metamorphism (Zimmermann
etal, 1994).

The Innsbruck Quartzphyllite (Fig. 6, unit 23)
outcrops between Mittersill in the east and Inns-
bruck in the west. It is typically a rather monoto-
nous, fine-grained, greenish to grayish phyllitic
schist, with the mineral assemblage muscovite +
chlorite + albite + quartz + calcite. Locally, garnet-
bearing schists occur south of the Patscherkofel. It
has been divided into three stratigraphical units
consisting of Devonian carbonatic black shales,
Silurian carbonatic-sericitic phyllites and Ordo-
vician quartzphyllites and greenschists, however
numerous transitions may be found (Haditsch
and Mostler 1982). Although most of the Inns-
bruck Quartzphyllites were affected by lower
greenschist-facies metamorphism (Hoschek
et al. 1980; Sassi and Spiess, 1992; Piber and
Tropper,2005), some central parts of the Innsbruck
Quartzphyllite have been affected by middle
greenschist-facies metamorphism (Kolenprat et
al. 1999; Piber and Tropper, 2007). Geochrono-
logical investigations revealed a complex meta-
morphic history indicating a possible Permian-
and Eo-Alpine overprint (Dingeldey et al.,, 1997;
Rockenschaub et al., 1999; Handler et al., 2000).
Recently, a number of new results have been
obtained concerning the internal structure of the
Innsbruck Quartzphyllite (Kolenprat et al., 1999).
Large parts of the Innsbruck Quartzphyllite must
therefore be considered as highly deformed, retro-
grade old (Variscan?) basement. These studies
revealed a metamorphic zonation with garnet-
free phyllites at the northern and southern rims
and garnet bearing phyllites in the central part,
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thus reflecting a slightly higher grade of meta-
morphism in the center. This observation was
interpreted in terms of a km-scale isoclinal fold
of the Innsbruck Quartzphyllite (Schmidegg 1964,
Rockenschaub 1998; Kolenprat 1998). Kolenprat
et al. (1999) show, that the Innsbruck Quartzphyl-
lite has a complex deformation history, with struc-
tures ranging from pre-Alpine (Variscan) to late
Alpine (Neogene) in age. The pre-Alpine foliation
is preserved only locally. During the Eo-Alpine
orogeny, intensive mylonitization associated with
W- to NW-directed nappe stacking, occurred.The
Meso- and Neo-Alpine deformation is characte-
rized by the imbrication of Austroalpine units
as a consequence of N-directed thrusting of the
Austroalpine nappes over the Penninic Units and
subsequent exhumation of the Tauern-Window
during N-S-shortening and E-W-extension
(Kolenprat et al., 1999). On top of the Innsbruck
Quartzphyllite, two units occur in the vicinity of
the Brenner base tunnel, namely the Patscherko-
fel Crystalline Complex and the Kellerjochgneiss.

The Patscherkofel Crystalline Complex (PCC) is
part of the Austroalpine basement nappes north
of the Tauern Window, which is tectonically loca-
ted on top of the Innsbruck Quartzphyllite. The
PCCis mainly composed of mica schists with the
mineral assemblage plagioclase + muscovite +
biotite + chlorite + quartz + chloritoid + garnet, ,
+ ilmenite + clinozoisite + staurolite = margarite.
Garnet, + staurolite represent Pre-Alpine relicts,
all other minerals are part of the Eo-Alpine mine-
ral assemblage. Thermobarometric investigations
of Piber et al. (2008) yielded temperatures bet-
ween 510°C and 570°C and pressures ranging
from 9.5 to 12.2 kbar for the samples from the PCC.

The Kellerjochgneiss, or Schwaz Augengneiss is
also part of the Austroalpine basement nappes
north of the Tauern Window. The Kellerjochgneiss
is a former I-type augengneiss and contains the
mineral assemblage muscovite + plagioclase +
chlorite + quartz * biotite + clinozoisite. It tec-
tonically overlies the Innsbruck Quartzphyllite.
Multi-equilibrium calculations of samples of the
Kellerjochgneiss yielded pressures ranging from
3.2 to 6.8 kbar and temperatures ranging from
285 to 345°C (Piber, 2005).
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The Tarntal Nappe (Fig. 6, unit 24) is a complex
geologic unit at the northern rim of the Tauern
Window, which consists of low-grade metamor-
phic sediments and a dismembered ophiolite
body, and is tectonically emplaced between the
contact of the Austroalpine Innsbrucker Quarz-
phyllite nappe and the Penninic Glockner nappe
at the northern margin of the Tauern Window
(Tirol, Austria). During the Alpine metamorphic
overprint, blueschists formed at the contact bet-
ween the metasedimentary units and the ultrama-
fic units of the ophiolite within the Tarntal Nappe.
Dingeldey et al. (1997) and Klier (2005) obtained
metamorphic peak P-T conditions of 350°C and
8 to 10.5 kbar. The age of the metamorphic over-
print was dated with 50-40 Ma depending on the
tectonic position of the samples.

The Wildschoénau Schists and the Schwaz Dolo-
mite form part of the Greywacke Zone (Fig. 6,
unit 18). According to Mostler (1973) the Western
Greywacke Zone is a stratigraphic sequence of
meta-sediments with volcanic intercalations, ran-
ging from the Ordovician to the Late Devonian.
The Wildschénau Schists are composed of light
gray phyllites similar to the Innsbruck Quartz-
phyllite. Roth (1983) characterized two different
varieties of the Wildschonau Schists, the sandy
type and the phyllitic type. The mineral assem-
blage of the Wildschénau Schists is very similar
to the Innsbruck Quartzphyllites containing the
mineral assemblage muscovite + chlorite + albite
+ quartz + calcite. In the Western Greywacke Zone,
modern thermobarometric data were lacking
until recently. Based on index minerals, Hoschek
et al. (1980) estimated lower greenschist-facies
conditions for the Wildschonau Schiefer. Piber
(2005) obtained P-T conditions of 4.5 kbar and
330°C, based on multi-equilibrium thermobaro-
metry on one sample of the Wildschénau Schists.
Geochronological investigations by Handler et al.
(2000) and Anglmeier et al. (2000) indicate a Per-
mian metamorphic overprint. Using “°Ar-3°Arand
87Rb-87Sr recently yielded Eo-Alpine ages in the
central Greywacke Zone of 102-98 Ma (Schmid-
lechner et al., 2006) in addition to the 8Rb-8’Sr
ages of 137 to 127 Ma and “°K-**Ar ages of 113 to
92 and 113 to 106 Ma from the Greywacke Zone
close to Zell am See which also give reasonable
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evidence for an Eo-Alpine metamorphic overprint
around ca. 300°C (Kralik et al., 1987).

The Otztal Complex (Fig. 6, OC, unit 21) is a large
crystalline complex in the western part of the
Austroalpine units. The OC consists of quartz-
ofelspatic and metapelitic metasediments with
various intercalations of orthogneisses, amphibo-
lites and rare metacarbonates. The oldest meta-
morphiceventis“Caledonian”inage (460 -490 Ma),
leading to the formation of orthogneisses (Thoni,
1986) and scattered occurrences of migmatites
(Sollner et al., 1982; Sollner and Schmidt, 1981;
Kl6tzli-Chowanetz et al., 1997). Hoinkes (1973)
estimated the P-T conditions of migmatite forma-
tion with 680°C and =4 kbar, Thony et al. (2008)
obtained slightly lower pressures of <2.8 kbar.
The Variscan metamorphic overprint ranges
from 390-295 Ma (Thoéni, 1999). The first stage
of the Variscan event was a high-pressure meta-
morphism around 373 - 359 Ma, leading to the
formation of eclogites in the central part of the
OC (Miller and Théni, 1995). The conditions of the
eclogite facies were estimated to be 710 - 750°C
and 27-28 kbar (Miller and Thoni, 1995). The
dominant amphibolite facies metamorphism
occurred around 330-350 Ma, as evident from
Sm-Nd garnet-whole rock ages from micaschists
(Schweigl, 1993, 1995; Hoinkes et al., 1997; Thoni,
1999). Purtscheller (1969) observed on the basis
of the regional distribution of AL,SiO, polymorphs
in metapelites a systematic regional zonation and
distinguished within the OC two zones: (1) the
southern and northern kyanite zone and (2) the
central sillimanite zone including the andalu-
site zone in the west. Hoinkes and Thoni (1993)
pointed out that the occurring mineral zonation
does not have to be the consequence of a single
Variscan metamorphic event. Tropper and Hoin-
kes (1996) estimated P-T conditions of 570-640°C
and 5.8-7.5 kbar for the northwestern part of the
OC.The youngest metamorphic event in this Aus-
troalpine basement occurred during the Cretace-
ous Eo-Alpine orogeny (100-73 Ma, Thoni, 1981;
Thoni, 1999; Exner et al., 2001; Habler et al., 2001).
The intensity of the Eo-Alpine overprint varies
within the OC and increases from NW (lower
greenschist facies) to SE (epidote-amphibolite
facies) and reaches 550-600°C and =11 kbar in
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the Schneeberg Complex (Hoinkes et al., 1991;
Konzett and Hoinkes, 1996). This zonation ends
abruptly at the Passeier-Jaufen Line. This leads
also toresetting of Variscan cooling ages from the
NW to the SE (Thoni 1981; Thoni, 1999). To the
south of the Passeier-Jaufen Line, in the Meran-
Mauls basement (MMB) only a weak Eo-Alpine
metamorphic overprint can be detected (Spiess,
1995).

The Paleozoic Schneeberg Complex (SC) consists
of at least three narrow and structurally compli-
cated synclines folded into the southern part of
the polymetamorphic OC. The metasediments of
the SC are characterized by the frequent presence
of metamarls and marbles as opposed to the OC
where such lithologies are missing with few excep-
tions known from the central OC (Hoinkes and
Thoni, 1993). Sélva et al. (2001, 2005) define the
SC as a tectonic unit associated with the Schnee-
berg normal fault zone, separated from the OC
and strongly affected by the Eo-Alpine tectono-
metamorphic event. Most recently, the discovery
of Eo-Alpine andalusite coexisting with staurolite
+ biotite + garnet at temperatures >540°C places
tight constraints on the retrograde part of the Eo-
Alpine P-T path of SC rocks that is characterized
by an almostisothermal decompression from the
peak of metamorphism into the andalusite sta-
bility field. SC rocks do not provide any evidence
for an earlier, high-pressure stage. Geochrono-
logic results by Elias (1998) and Fligenschuh et
al. (2000) point to a rapid uplift and exhumation
of both SC and underlying OC after the peak of
metamorphism. According to Fligenschuh et al.
(2000) initial uplift rates were around 1 mm/year
starting around 90 Ma, which decreased to values
of 0.2 to 0.7 mm/year (Hoinkes et al., 1991).

The Texel Complex (TC) to the south of the SCiis
a very characteristic example of eo-Alpine high-
pressure metamorphism. Interestingly geother-
mometry shows an increase in P-T over the years.
Initially (1991) limiting pressures of 1.1 to 1.2 GPa
were obtained using the breakdown of albite to
jadeite + quartz. Then (2006) pressures (although
again only limiting based upon the breakdown
of albite) increased to 1.2 to 1.4 GPa in order to
increase (2008) to P-T conditions of 1.8-2.2 GPa
and 560-600°C. These calculations involved the

124

mineral assemblages garnet + omphacite + epi-
dote + quartz and garnet + omphacite + Na-Ca
amphibole + epidote + quartz. In 2013 the P-T
conditions of eclogites from the Texel Complex
climbed to 2.65-2.90 GPa and 630-690°C by using
the garnet-phengite-clinopyroxene barometer.

The Variscan basement of the Southalpine
domain (Fig. 6, unit 13) is confined to the west
and north by the Periadriatic (Giudicarie line and
Pustertal line) fault system. In the southeast, small
basement outcrops within the Cenozoic molasse
deposits of the Po Plain occur. Most of the base-
ment is comprised of monotonous quartzphylli-
tes (Brixen Quartzphyllite), which were pervasi-
vely affected by the Variscan metamorphic and
tectonic overprint. Due to its now slightly tilted
position, the basement shows a metamorphic
gradient, which increases from southeast towards
northwest (Sassi and Spiess, 1993). In the area
of Toblach, the basement contains the mineral
assemblage quartz + chlorite + white mica +
albite and represents the lowest peak metamor-
phic conditions of the basement with tempera-
tures of 350-400°C and a pressure of ca. 0.4 GPa.
The metamorphic conditions increase towards
the northwest and reach maximum P-T condi-
tionsin the area of Brixen/Bressanone. In this area
the basement contains the mineral assemblage
quartz + biotite + chlorite + white mica + garnet +
albite + plagioclase and calculated P-T conditions
based on garnet-biotite thermometry and plagio-
clase-biotite-garnet-muscovite barometry yiel-
ded temperatures of 450-550 °C and pressures of
0.5-0.65 GPa (Ring and Richter 1994).

Inthe Southalpine domain the Permianintrusive
complexes of the Brixen granite, Ifinger grano-
diorite and Kreuzberg granite cover an area of
~250 km? and are thought to have been the result
of the collapsing Variscan orogenic belt, which
led to the formation of large extensional terrains
(Acquafredda et al., 1997; Bargossi et al., 1981;
Bargossi et al., 1998; Del Moro & Visona, 1982).
Although these intrusive complexes were already
mapped (Del Moro & Visona, 1982) and consider-
able literature concerning their magmatic evolu-
tion already exists (Bonin et al., 1993; Schuster
et al,, 2001; Dal Piaz & Martin, 1998) almost no
petrological (Bonin et al.,, 1993; Aquafredda et al.,
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1997) and only few geochronological data (Bonin
etal., 1993; Borsi et al.,, 1972; Rottura et al., 1998)
are available so far. The investigated intrusions
namely the Brixen/Bressanone granodiorite, the
Ifinger/Ivigna granite and the Kreuzberg/Monte
Croce granite are all aligned along the Periadriatic
Lineament. The major part of the Brixen granite
is granitic to granodioritic in composition with
the mineral assemblage K-feldspar + plagioclase
+ biotite + quartz + accessories (zircon, apatite,
ilmenite, £ monazite). Zircon ages from three
intrusions in the Southalpine basement show
ages ranging from 293 = 12 Ma (Kreuzberg
granite), 289 *+ 6.1 Ma (Ifinger granodiorite) to
278 + 12 Ma (Brixen granite). These geochrono-
logical data seem to indicate a rejuvenation trend
from south-west to north-east, which might be
evidence for a plane motion of the north-western
realm of the Athesian Volcanic Group (AVG) cal-
dera during the late Variscan orogeny collapse
(Thony, 2008).

3 Brief description of stops

Day 1

Stop 1, Sillschlucht

Located at the southern limit of Innsbruck directly
under the ski jump stadium this stop allows to dis-
cuss the local geology in the area of the northern

entrance of the Brenner Base Tunnel (Fig. 7). The

outcrops are located along a small track near the

river Sill. Apart from unstable Quaternary deposits,
giving rise to mobility right at the tunnel entrance,
the local geology is dominated by quartzphyllite.
Metamorphosed under lower greenschist-facies

conditions during the Variscan cycle the rocks
show multiphase tectonic overprint from ductile

deformation during pre-Alpine and Alpine times

to Neogene brittle deformation. Second phase

folding led to the formation of a large recumbent
fold, which has granitic basement in its core. Alt-
hough rather monotonous, different lithologies

can be observed along the track, ranging from

Fig. 7: Detailed geological map of the northern entrance Brenner Base Tunnel (Brandner
et al., 2008). Hatched area: rockslide. Brown: quartzphyllite, red: porphyry, green: prasinite,
blue: marbles.
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porphyries to amphibolites/prasinites to marbles.
According to the overall appearance the quartz-
phyllite unit most likely represents a metamor-
phosed turbidite sequence.

Stop 2, Stefansbriicke

Some 5 km south of Innsbruck along the federal

road to Brennerpass brittle fault rocks related to

the Brenner Fault Zone are outcropping in an

abandoned quarry. The tectonically overprinted

host rock is the basement of the OC various stages

of brittle deformation can be studied. While the

least deformed part still displays the original fea-
tures (schistosity, folds in paragneiss) deformation

intensity increases to finally expose a fault gouge.
Depending on the outcrop conditions (due to the

brittle deformation the are very erodable) shear
sense criteria pointing to top to the west kinema-
tics can be observed (Fig. 8). Seve-ral similar out-
crops of fault gouge in the wider Brenner area

have been sampled by Zwingmann and Manck-
telow (2004) for conventional K/Ar dating of clay
minerals. While most of the samples yielded Neo-
gene ages, in accordance with the brittle faulting

along the BFZ, the samples from this outcrop are
dominated by Cretaceous ages.This clearly points
to inherited information from the overwhelming
Cretaceous metamorphic overprint within the OC.

Stop 3, Nosslach

This overview stop is located south of the village
of Steinach along a side road close to the high-
way exit Nosslach. If the weather is fine this stop
offers a beautiful overview into the local nappe
pile, exposing, from bottom to top, Zentralgneiss,
Schieferhiille, Tarntaler Mesozoic, Innsbrucker
Quartzphyllite, Northern Calcareous Alps, Otztal
Stubai Complex and Steinacher nappe. It is also
from this point that you can judge the substantial
amount of tectonically omitted material due to
normal faulting along the BFZ (Fig. 8).

Stop 4, Brennerpass

From the Brennerpass on the Austrian side a small
paved road brings us up to an active quarry in the
Zentralgneiss. Along the road highly mylonitized
rocks of the upper Schieferhiille (Blindnerschiefer)

Tauern window

LY

Fig. 8: Simplified block diagram illustrating the Brenner fault zone and the involved units (Fligenschuh et al., 1997).
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with beautiful shear sense criteria can be observed.
In the quarry the Permian Zentralgneis is tectoni-
cally overlain by Mesozoic strata including the
limestone mylontes of the Hochstegen formation.
The granitic gneis is exposed in the core of a major
WSW-ENE trending antiform, related to Tertiary
nappe piling and overprinted by Neogene ormal
faulting (Fig. 8). Deformation within the granite
is varying, ranging from almost undeformed to
strongly flattened. This allows for a guess on the
width of the BFZ shear zone on the order of 1-2
km. Apart from magmatically zoned feldspars
various enclaves and xenoliths can be studied.

Stop 5, Mauls

In the village of Mauls (south of Sterzing) we fol-
low a paved road towards the east entering a

small valley. In the riverbed of the “Nockebach”
we can touch the contact between the metamor-
phosed Austroalpine basement and the unmeta-
morphosed southern Alpine basement together

with a small Oligocene tonalite body. This part of

the Periadriatic fault, a first order fault system in

the Alps, does not, as elsewhere, represent the
suture between Europe and Adria but forms a
repeatedly activated fault zone which originally
might have formed the retro-wedge of the Cre-
taceous orogen. The outcrop is prime impor-
tance for the construction of the Brenner Base
Tunnel since this tectonic zone will be crossed.
On the surface it has a clear brittle character yet
mylonites can definitively be expected at some-
what deeper levels. Due to its rather vertical dip
itis not monitored in the seismic Transalp section,
which gaverise to rather provocative models. This
part of the Periadriatic fault system is furthermore
of greatimportance for solving the question of an
originally straight vs. an already curved fault zone.

Stop 6, Franzensfeste/Mittewald

The major part of the Permian Brixen granodiorite
is granitic to granodioritic in composition with
the mineral assemblage K-feldspar + plagioclase
+ biotite + quartz + accessories (zircon, apatite,
ilmenite, £ monazite). The south-eastern border
is characterized by the occurrence of tonalite,
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Fig. 9: Observed mineral zones in the contact aureole at the southern rim of the Brixen granite in Franzensfeste/Fortezza.
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quartz-diorite and quartz-gabbro. At the north-
western rim, several unusual types of plutonic
bodies occur, namely a garnet-fayalite bearing
granite near Mittewald and a two mica -anda-
lusite -cordierite granite at the Sattelspitze. The
two mica codierite andalusite granite from the
Sattelspitze for instance represents a peralumi-
nous pegmatite of the latest stage of magmatic
activity. The outcrop next to the road shows the
rocks of the Brixen granite as well as small veins
of the garnet-fayalite-bearing granite. Geochro-
nological investigations using Sm/Nd garnet-
whole rock isochron ages yielded 280 + 2 Ma
(Thony, 2008). Only a small, about 200 meters
wide, contact aureole formed at the southern rim
of the Brixen Granodiorite near the village Fran-
zensfeste (South-Tyrol, Italy) as shown in Figure 9.
Within the contact aureole four different zones
can be distinguished based upon mineralogical,
mineral chemical and textural features (Wyhli-
dal et al. 2012). Approximately 200 m from the
granite contact zone | occurs. The rocks from this

zone are macroscopically still quartzphyllites and
are characterized by two texturally and chemi-
cally different generations of micas (muscovite,
biotite) and the appearance of cordierite. Zone
Il is characterized by quartzphyllites containing
pseudomorphs of cordierite + biotite after garnet.
The inner contact aureole (zone Ill) starts approxi-
mately 50 m from the granite contact and shows
already typical hornfels textures. This zone is cha-
racterized by the first occurrence of andalusite.
In the innermost area (zone IV), ca 10 m from
the granite contact, spinel and corundum occur.
Geothermometry (two-feldspar-, Ti-in-biotite)
yielded an increase in temperature from 540°C in
the outermost aureole (zone 1) to <740°C in the
innermost aureole (zone IV).

Stop 7, Gufidaun

Southalpine basement and metagabbro: within
the rather uniform Southalpine quartzphyllite
basement a large metagabbro/amphibolite

Fig. 10: Hand specimen of the Gufidaun metagabbro showing cm-size black amphibole crystals.
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complex occurs in the village Gufidaun (Fig. 10).
The amphibolites and gabbros contain the mine-
ral assemblage amphibole + plagioclase + clino-
zoisite + chlorite + titanite + ilmenite + quartz +
calcite. Chemical zoning in idiomorphic amphi-
boles shows evidence for a prograde growth
history. The cores of the chemical zoned amphi-
boles show actinolite composition and the rims
can be chemically classified as Mg-hornblende,
edenite, Mg-hastingsite and pargasite. The che-
mical zoning shows increasing Na[B]-contents
and decreasing Ca[B]-contents from core to rim.
The increasing glaucophane substitution (Na[B]
AlM[C]=Ca[B] ,Mg[C] ,) and the increasing ede-
nite- (Na[AJAI[T] & [B],Si[T1,) and tschermakite-
(MgIC]SI[T] AI[C] ,AI[T],) substitutions towards
the rims indicate increasing P and T conditions
during amphibole growth. Application of multi-
equilibrium thermobarometry to the matrix
assemblage of the metagabbros (amphibole +
albite + epidote/clinozoisite + chlorite + quartz)
yielded P-T conditions of 488-588 °C and 0.3-0.5
GPa, the amphibolites yielded P-T conditions of
536-587 °C and 0.4-0.5 GPa. The metagabbro/
amphibolite complex of Gufidaun represents an
alkaline magmatic complex, which intruded into
the Southalpine Variscan basement.

Stop 8, Schrammbach

At the bus stop Gasthof Klammwirt in Schramm-
bach, a Permian intrusion breccia occurs (Fig. 11).
This breccia is thought to have formed during int-
rusion of the Permian diorite into an older kata-
clastic fault zone. Within this breccia, rock frag-
ments of quartzphyllites, quartzites and diorites
occur in a fine-grained altered matrix of diorite.
After the Permian contact metamorphic event,
late-stage Alpine alteration associated with the
Villnoss line occurred. This alteration affected
the primary mineral assemblage and led to re-
mobilization of LREE. This led to the formation
of a LREE-F-bearing carbonate. Using Raman
spectroscopy it was possible to identify it as syn-
chisite-(Ce). Synchisite-(Ce) is a rare late-stage
alteration product of granites and syenites and
forms by fluid-rock interaction with a F-CO,-rich
fluid.
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Fig. 11: Intrusion breccia at the outcrop ,Klammwirt” in
Schrammbach.The components are quartzphyllite, quarzite
and diorite and occur in a diorite/klausenite matrix. The size
of the components is highly variable. The components are
also clearly visible in the thin section (lower right). The scale
bar indicates 10 cm.

Stop 9, Klausen

The Klausen Diorite is part of the Permian calc-
alkaline plutonic association consisting of Brixen
Granodiorite, Ifinger Granite, Kreuzberg Granite
and Cima d’Asta Granitoid as the most prominent
members. They all intruded into the polymeta-
morphic basement of the Southalpine Brixen
Quartzphyllite. The Klausen dioritcomplex — the
common local name is Klausenite - is located to
the south of the Brixen Granodiorite in the eas-
tern part of the Southalpine. The mineral assem-
blage consists of orthopyroxene + clinopyroxene
+ plagioclase + K-feldspar + quartz (Fig. 12).

A large diorite stock occurs at the monastery-
mountain Saben near to Klausen, a small town in
South Tyrol (Italy). During the Permian (278 Ma)
the diorite intruded into the Brixen Quarzphyllites.
The pressure conditions of this intrusion range
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from 0.3 GPa to 0.55 GPa, which corres-pondstoa
depth of 8to 17 km.The solidus temperature was
between 840°C and 890°C (Opx-Cpx-geother-
mometer). The intrusion formed a small, about
140 to 180 m wide, contact aureole at the local-
ity of Sdben (Fig. 13). The aureole can be divided
into four different zones based upon mineralogi-
cal, mineral chemical and textural features. In the
20 m wide innermost area (zone IV) the mineral
paragenesis cordierite, biotite, plagioclase, quartz
and spinel occurs. After 20 m from the contact spi-
nel disappears.The extension of Zone lll stretches
from 20 to 40 m. In this zone cordierite, biotite,
plagioclase, quartzandsillimanite occur. The rocks
ofzonelllandIValso showtypical hornfels textures.
After 40 msillimanite disappears. Zone llis charac-
terized by the loss of the typical hornfels textures.
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Fig. 12: Photomicrograph of the Klausen diorite showing orthopyroxene (opx), clinopyroxene (cpx), plagioclase (Plg), K-feldspar (Kfs) and quartz
(Qz). Left: cross nicols; right: parallel nicols.

The rocks are macroscopically predominated by
quartzphyllites and to paragneisses. White micas
occur in this zone. This zone can be distinguished
from the non-contact-metamorphic quartzphyl-
lites only by the chemical composition of pla-
gioclase, which becomes more calcic. In zone |
(>140 m from the contact) the non-contact-meta-
morphic quartzphyllites occur. Geothermometry
using two-feldspar- and Ti-in-biotite yielded
720-760°C in the innermost aureole (zone IV) and
610-730°C in the inner aureole (zone lll). Na-in-
cordierite geothermometry of samples with com-
parable Na,O contents to sample W also yields
remarkably similar temperatures namely for zone
IV 750 £+ 20°C and 690 + 20°C for zone lll.

The entire area is characterized by late-stage
hydrothermal alteration.
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Fig. 13:

Mineral zone distribution §
within the Klausen contact
aureole at Mount Saben.
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Day 2

Stop 10, Jaufenpass

From Sterzing a spectacular road climbs up
towards west to the Jaufen pass. The road roughly
follows the Jaufen fault zone, separating Creta-
veous metamorphic Astroalpine basement (OC)
from Austroalpine units, which lack substantial
metamorphic overprint (Meran Mauls Basement).
Across the fault zone a jump in cooling ages
occurs from Cretaceous in the NW to Variscan
in the SE. Thus the fault has to have a Cretace-
ous history. Yet recent studies (Viola et al. 2004,
Pomella et al., 2008) revealed a polyphase history,
the last activity of which occurred in the course
of normal faulting along the BFZ. Along the road
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metamorphic basement of the OC as well as the
Meran-Mauls basement can be studied together
with some outcrops of Jaufen fault mylonites.

Stop 11, Kalmbach

In this locality there is an outcrop of a few m in
size along a forest track that branches off the main
road from St. Martin — Meran approx. 3 km to the
south of St. Martin. Metabasites of the southern
Otztal Complex hitherto mapped as amphiboli-
tes, were identified as eclogites in this outcrop.
Primary mineral parageneses are tschermakitic to
pargasitic green amphiboles, omphacite, garnet,
phengite, zoisite, rutile and quartz (Fig. 14). Al-
pargasite forms between garnet and omphacite
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Fig. 14: Backscatter electron (BSE) image of the mineral assemblage of retrogressed eclogites at Kalmbach in the Passeier
Valley. Garnet: Grt; omphacite: Cpx; plagioclase: Plag. A, B, C and D denote different amphibole generations ranging from

barroisite (A) to katophorite-taramites (D).

and is interpreted as a retrograde reaction pro-
ducts. In addition, retrogression of the eclogitic
parageneses reflecting decreasing pressure and
increasing temperature conditions are the forma-
tion of symplectites of diopside and plagioclase
after omphacite, Al- and Na-poor green amphi-
boles, grossular-poor garnet and symplectites of
biotite and plagioclase replacing phengite.

The application of multi-equilibrium geothermo-
barometry to mineral assemblages from the eclo-
gite-facies peak stage (stage 2) as well as Zr-in-
rutile thermometry yielded P-T constraints as well
as constraints on a(H,0). The calculations invol-
ved the mineral assemblages garnet+ omphacite
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+ epidote + quartz and garnet + omphacite +
Na-Ca amphibole + epidote + quartz. Applica-
tion of the Zr-in-rutile thermometer yields tem-
peratures between 580-740°C, depending which

calibration was used. Geothermobarometric
calculations with multi-equilibrium geothermo-
barometry omitting amphiboles from the calcula-
tions, only yields an H,0-bearing invariant point
with P-T conditions of 1.8-2.2 GPaand 560-600°C,
which have to be considered as upper P limits,
due to the neglected influence of a(H,0). Calcula-
tions involving amphiboles (average P-T mode of
THERMOCALC) yield pressures of 1.4-1.8 GPa and
temperatures of 540 - 630°C for samples from the
Saltaus Valley using H,O-free equilibria (Fig. 15).
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Fig. 15: Geothermobarometry of the Texel eclogites from Elvas.

Stop 12, Timmelsjoch

At an altitude of 2474 m at the Austrian-Italian
border, rocks outcropping in the immediate vici-
nity of the customs building are gneisses of the
OC that form the northern border of the SC. The
gneisses were affected by both Variscian and
Eo-Alpine metamorphism: The Variscan meta-
morphism reached conditions of the amphi-
bolite facies which led to the formation of an
assemblage plagioclase + biotite + muscovite +
garnet + quartz * staurolite £ kyanite. The sub-
sequent Eo-Alpine event in this area reached P-T
conditions slightly below the stability of stau-
rolite. This caused a retrogressive breakdown of
staurolite to paragonite + chlorite + quartz. This
reaction caused the formation of mica + chlo-
rite + quartz-pseudomorphs after lath-shaped
staurolite crystals that may reach several cm in
length and can be found on cleavage planes.
P-T conditions sufficient for Eo-Alpine stauro-
lite formation, however, were reached within
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the northernmost part of the SC. On the Italian
side at an altitude of 2200 m; after the second
180°-road turn, along the roadside over a distance
of approx. 100 m, the northern border of the main
syncline of the SC towards the underlying OC is
exposed (Fig. 16). At this location the distinction
between both units is unambigous due to the
difference in lithologies since the rocks of the OC
are monotonous gneisses with abundant small
(<1 mm) garnet and biotite and the rocks of the
SCare garnet-micaschists with large (0.5 to >1cm)
garnets as well as amphibole-bearing rocks with
large amphiboles (=1cm). The SC rocks exposed
belong to the marginal series (,bunte Randse-
rie”) of intercalated garnet-micaschsists, amphi-
bolites, hornblende garbenschists, marbles and
quartzites that delimit the main syncline of the SC.
Further downhill, rocks of the central SC main sync-
line are encountered that are characterized by
rather monotonous garnet-micaschists (,mono-
tone Serie”). The SC-OC boundary is located a
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few meters uphill from a quartzite band that can
unambigously be assigned to the SC. The actual
boundary lies within several meters of gneisses
containing small garnets and cannot unambi-
gously be localized in the field. A definite crite-
rion for the distinction between SC and OC rocks,
however, is the zoning pattern of garnets since
SC rocks are monometamorphic and thus the
garnets show continuous bell-shaped zoning
patterns and the OC rocks are polymetamorphic
thus the garnets show discontinuous chemical
zoning.

Stop 13, Burgstein

The eclogites at the locality Burgstein belong to
the central amphibolite complex in the OC and
can be seen next to the tunnel portal. The cen-
tral amphibolite complex is characterized by

the occurrence of ultramafic rocks (peridotites),
eclogites, amphibolites and rarely metacarbon-
ates.The eclogites in this outcrop are Fe-eclogites,
which appear dark-red and massy. The mineral
assemblage is garnet (>50 vol.%), omphacite,
amphibole |, clinozoisite, quartz, apatite, pyrite
and rutile. During subsequent alteration, sym-
plectites (plagioclase + diopside) and amphibole
Il form (Miller & Thony, 1995).

Stop 14, Gries i. Sulztal

Boulders of Ordovician migmatites occur near the

bridge at the end of the Sulztal. Within the Otztal

Complex (OC), migmatites are the only geological

evidence of the pre-Variscan metamorphic evo-
lution, which led to the occurrence of partial ana-
texis in different areas of the complex (Fig. 17). In

the course of this investigation the metamorphic

Fig. 16: Photograph of the contact between the Otztal Complex (0SC) and the Schneeberg Complex (Ubergangsbe-
reich SC-0SC) at the Timmelsjoch Passstrasse at the end of the Passeier Valley in South-Tyrol.
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evolution and electron microprobe (EMPA) geo-
chronology of monazites of three migmatites
from the central (Winnebach migmatite) and
western (Verpeil migmatite, Nauderer Gaisloch
migmatite) part of the complex were investigated.
All three migmatites show evidence for a polyme-
tamorphic evolution (pre-Variscan, Variscan) and
only the Winnebach migmatite shows evidence
for the P-accentuated Eo-Alpine metamorphic
overprint in the central OC. P-T data range from
670 - 750°C and <2.8 kbar for the pre-Variscan
event, 550 - 650°C and 4 - 7 kbar for the Variscan
event and 430 - 490°C and ca. 8.5 kbar for the Eo-
Alpine metamorphic overprint. U-Th-Pb electron
microprobe dating was done on monazites from
the leucosomes from all three migmatites in order
to obtain the age of the pre-Variscan migmatiza-
tion. Monazite ages of all three migmatite bodies
are in good agreement and range from 408 + 46
Ma to 472 + 36 Ma, thus indicating a pervasive
Ordovician metamorphic event in the OC.

Stop 15, Kofels

The Kofels rockslide is the biggest one in the Alps
within basement rocks. It involved augengneisses
of granitic composition as well as paragneisses.
With a total mass of 3.2 km? of material (Briickl
et al., 2001) the rockslide was able to fill up the
valley by some 100 meters. Due to the formation
of a dam up to 100m thick fluvio-lacustrine sedi-
ments were deposited in the Langenfelder basin
(Heuberger, 1966, 1975). Relative, *C and dating
of exposed surfaces with cosmogenic isotopes
yielded an age of ~ 9800 cal BP for its activity (Ivy-
Ochs et al., 1998). After the main event at least
one smaller event followed. The Kofels rockslide
is well known for its frictionite, a pumice rock
formed in the context of frictional melting (Eris-
mann et al., 1977).

Fig. 17: Photograph of the Winnebach migmatite at the Bachfallenferner outcrop.
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