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Abstract U/Pb SHRIMP ages of nine Variscan leuco-
cratic orthogneisses from the central Tauern Window
(Austria) reveal three distinct pulses of magmatism in
Early Carboniferous (Visean), Late Carboniferous
(Stephanian) and Early Permian, each involving grani-
toid intrusions and a contemporaneous opening of vol-
cano-sedimentary basins. A similar relationship has been
reported for the Carboniferous parts of the basement of
the Alps further to the west, e.g. the “External massifs”
in Switzerland. After the intrusion of subduction-rela-
ted, volcanic-arc granitoids (374 + 10 Ma; Zwolferko-
gel gneiss), collisional intrusive-granitic, anatectic and
extrusive-rhyolitic/dacitic rocks were produced over a
short interval at ca. 340 Ma (Augengneiss of Felber-
tauern: 340 + 4 Ma, HochweiBBenfeld gneiss: 342 +
5 Ma, Falkenbachlappen gneiss: 343 £ 6 Ma). This
Early Carboniferous magmatism, which produced rela-
tively small volumes of melt, can be attributed to the
amalgamation of the Gondwana-derived ‘“Tauern
Window” terrane with Laurussia—Avalonia. Probably
due to the oblique nature of the collision, transtensional
phenomena (i.e. volcano-sedimentary troughs and high-
level intrusives) and transpressional regimes (i.e. re-
gional metamorphism and stacked nappes with anatexis
next to thrust planes) evolved contemporaneously. The
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magmas are mainly of the high-K I-type and may have
been generated during a short phase of decompressional
melting of lithospheric mantle and lower crustal sources.
In the Late Carboniferous, a second pulse of magmatism
occurred, producing batholiths of calc-alkaline I-type
granitoids (e.g. Venediger tonalite: 296 + 4 Ma) and
minor coeval bodies of felsic and intermediate volcanics
(Heuschartenkopf gneiss: 299 + 4 Ma, Peitingalm
gneiss: 300 £ 5 Ma). Prior to this magmatism, several
kilometres of upper crust must have been eroded,
because volcano-sedimentary sequences hosting the Heu-
schartenkopf and Peitingalm gneisses rest unconform-
ably on 340-Ma-old granitoids. The youngest (Permian)
period of magma generation contains the intrusion of
the S-type Granatspitz Central Gneiss at 271 + 4 Ma
and the extrusion of the rhyolitic Schonbachwald gneiss
protolith at 279 + 9 Ma. These magmatic rocks may
have been associated with local extension along conti-
nental wrench zones through the Variscan orogenic crust
or with a Permian rifting event. The Permian and the
above-mentioned Late Carboniferous volcano-sedimen-
tary sequences were probably deposited in intra-conti-
nental graben structures, which survived post-Variscan
uplift and Alpine compressional tectonics.

Introduction

Central Gneiss masses (“Zentralgneise’) represent a
major fraction of the rock lithologies of the Tauern
Window area (Central Alps, Austria). They occur as
large plutons and sheets produced by Early Alpine
nappe-thrusting. Moreover, they display differences in
their petrographic and geochemical compositions. Age
dating, predominantly by the Rb—Sr whole rock method,
confirmed a Variscan age of their protoliths (data
compilation in Finger et al. 1993). However, the possi-
bility of isotopic disturbance and resetting in this system
have hampered modelling of the Variscan evolution in
the Tauern Window.



More precise data have been published outside the
Tauern Window (data compilation in Raumer 1998)
with the Variscan orogen having been identified in var-
ious outcropping basement units of the Alps exposed by
the collision of Gondwana and Laurussia. Voluminous
granitoid plutons intruded within (nowadays) poly-
metamorphic pre-Variscan lithologies, and volcano-
sedimentary troughs formed. These troughs of Late
Carboniferous to Permian age are often considered to be
successor basins of older basins containing Early Car-
boniferous sediments and volcanics (Fig. 1a, b). For
example, an older sequence of clastic sediments and
pyroclastic tuffs formed between 345 and 335 Ma in a
transtensional basin now exposed in the External do-
main; subsequently, it was covered unconformably by
ignimbrites, tuffs and rhyolites at 303-298 Ma (Schal-
tegger and Corfu 1995). This volcanism is coeval with
voluminous intermediate to acid plutonism, occurring in
several pulses in Early Carboniferous (342-330 Ma),
Late Carboniferous (310-295 Ma) and Early Permian
(280-270 Ma) times (Schaltegger and Corfu 1992, 1995;
Schaltegger 1997).

It has been speculated that the basement units of the
External domain have their eastern continuation in
equivalent rock units of the Tauern Window area
(Schumacher and Laubscher 1996; Raumer 1998). Yet,

Fig. 1 Pre-Variscan basement
areas, Variscan volcano-sedi-
mentary troughs, regions of
metamorphic overprint and
granitoid intrusions in the pre-
sent Alps. Basement areas have
been detected in all four do-
mains (External, Penninic,
Austroalpine, Southalpine) of
the Alpine orogeny. Both maps
use a Permian reconstruction
for better comparison of the
relative positions of Early Car-
boniferous a and Late Carbo-
niferous to Early Permian b
volcano-sedimentary troughs
and granitoid intrusions, al-
though the reconstruction is not
valid for Early Carboniferous
times (cf. Fig. 9). Contours of
the basement areas represent
the present-day state, after Al-
pine shortening, and a more
realistic pre-Permian recon-
struction should take account
of 30-60% of Alpine shortening
of most areas (modified after
Raumer 1998; our data already
included). Framed area of the
Tauern Window is enlarged in
Fig. 2
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this correlation has been hampered by the scarcity of
precise age data from the Tauern Window. In particular,
sufficient reliable age data have so far not been available
for the volcano-sedimentary lithologies preserved in
synforms. Thus, the aim of this study is to unravel the
period(s) of volcano-sedimentary deposition at surface
and of the magmatic processes at deeper structural levels
in the central Tauern Window using U/Pb SHRIMP
ages for zircons from nine Variscan leucocratic gneisses.

Geology and sample selection

The central Tauern Window consists of a pre-Variscan
basement, which is intruded by Variscan granitoids and
locally covered by Variscan volcanics and sediments.
The basement consists of (metamorphosed) Cambro-
Ordovician magmatites and sediments of an active
continental margin (Habach Group; arc and fore-arc
lithologies) and ensialic back-arc lithologies (Stubach
Group and equivalents in the Old Gneiss Series) (Eich-
horn et al. 1999).

Variscan granitoids in the western and central Tauern
Window are mainly represented by Central Gneiss
bodies. Besides the more voluminous Central Gneiss
plutons and their frequently aplitic injections into roof

a) Early-Carbc-niferousi

Tauerm Window

b) Late-Carboniferous
to Early-Permian

<

?‘ Volcano-sedimentary troughs
+ Granitoid intrusions
Metamorphic overprint
¢~} Pre-Variscan basement
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rocks, thin elongate gneiss lamellae and minor intrusive
gneiss bodies occur. Nappes with the Ahorn, the Gra-
natspitz, the Tux, the Zillertal and the Venediger
batholiths were stacked during Early Alpine compres-
sional tectonics (Lammerer and Weger 1998; Figs. 2, 3).
The gneiss lamella of the Tux nappe in the central
Tauern Window (i.e. the Augengneiss of Felbertauern;
Frasl and Frank 1966) probably marks the base of such

Fig. 2 Geological sketch-map of the western and central Tauern
Window [modified after Schmidegg (1961), Raith et al. (1980),
Lammerer (1986), Finger et al. (1993), Kupferschmied (1993,
1994), Oechlke et al. (1993), Schermaier (1993), Kupferschmied
and Holl (1994), Kupferschmied et al. (1994), Lammerer and
Weger (1998), Weger (1998), and unpublished maps of several
diploma theses at the Institut fiir Allgemeine und Angewandte
Geologie; Ludwig-Maximilians-Universitdt Miinchen]. Lines A-A’
and B-B’ indicate the positions of geological cross sections in
Fig. 3. Numbers indicate approximate sample localities for the age
data compiled in Table 1. The Permo-Carboniferous plant fossil
find is indicated by a star. Our age results, the published age data of
Table 1, and the relative intrusion and deposition ages as indicated
by field observations have been integrated into the sketch-map

a nappe sole thrust, but still displays an intrusive-mag-
matic texture. In contrast, the gneiss lamellac of the
Venediger nappe (Hochweilenfeld gneiss; Fuchs 1958;
Knorrkogel gneiss; Tollmann 1975) are interpreted as
Early Carboniferous “in situ” anatexites and deep-
seated granitoids adjacent to Variscan nappe-internal
branch thrusts (Finger et al. 1993).

The spatial, temporal and geochemical evolution of
the Variscan granitoids during the Variscan orogeny has
been studied by various authors (Finger and Steyrer
1988, 1990; Finger et al. 1993, 1997; Schermaier 1993;
Winkler 1996). However, their evolutionary models are
based on limited age data: Finger et al. (1993, 1997) and
Schermaier (1993) proposed that the Central Gneisses
include at least three generations of Variscan granitoids:
It has been inferred that Early Carboniferous high-K,
biotite-rich I-type intrusive and anatectic melts (e.g.
HochweiBenfeld gneiss, Knorrkogel gneiss) represent the
oldest granitoids. This group was intruded after a period
of significant uplift by voluminous Late Carboniferous
calc-alkaline I-type granitoids, comprising the Zillertal—
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Fig. 3 Geological cross sections through the western and central
Tauern Window in down-plunge view modified after Schmidegg
(1961), Raith et al. (1980), Lammerer (1986), Kupferschmied (1993,
1994), Oehlke et al. (1993), Kupferschmied and Holl (1994),
Kupferschmied et al. (1994), Lammerer and Weger (1998), Weger
(1998) and our unpublished observations. The present erosion level
is not indicated. Not to scale. For legend see Fig. 2

Venediger tonalites, granodiorites and granites and the
Tux granodiorites and granites (““Augen- and Flaserg-
neisses”’). A-type granites such as the Felbertauern
Augengneiss are presumed to be of Permian age. The S-
type Granatspitz Central Gneiss is petrographically and
geochemically unique in the Tauern Window area, and
has been correlated with the oldest stage of Variscan
granitoids (Finger et al. 1993, 1997; Schermaier 1993).

For this study, we have sampled Variscan granitoids
covering all the presumed three stages of Variscan
granitoids: HochweiBlenfeld gneiss, Granatspitz Central
Gneiss, Venediger Central Gneiss, and Augengneiss of
Felbertauern (Table 1). Furthermore, a granodioritic
intrusion into the pre-Variscan basement of the Stubach
Group (Zwolferkogel gneiss) has been investigated.
Based on field and petrographic evidence, this rock may
represent one of the earliest intrusives of the Variscan
orogeny.

Variscan volcanics and sediments have been identified
in the western Tauern Window outcrops that survived

post-Variscan uplift, Alpine compressional tectonics and
erosion in synforms. The Tux nappe includes a “Post-
Variscan Transgression Series”, which discordantly
overlies a pre-Carboniferous basement in the Greiner
and Schonbichler synclines. Besides conglomeratic
sediments, a thin rhyolitic layer of unknown age occurs
(Lammerer 1986). A similar sedimentary unit with
rhyolitic tuffaceous conglomerates is present in the
Southern and Northern Schoénach syncline; there, the
pre-Carboniferous basement lithologies are reduced to
small lenses of graphitic phyllites (Sengl 1991) (Figs. 2,
3). The “Porphyrmaterialschiefer Series” preserved in
the Tux nappe at the northern margin of the Tauern
Window resembles the sediments of the two Schonach
synclines (Thiele 1974; Beil-Grzegorczyk 1988). Con-
cordant layers of leucocratic meta-volcanics from that
“series” have been dated at 284 + 2/-3 Ma (Sollner
et al. 1991; Table 1).

In the central Tauern Window, the existence of
similar relics of volcano-sedimentary basins has been
locally assumed, although it is still unproven: The
Venediger nappe displays a “Micaschist Unit” at the
southern Tauern Window margin. This unit is partially
folded into pre-Variscan basement rocks of the Old
Gneiss Series (Schmidegg 1961; Raith et al. 1980).
From that unit, a graphite schist lamella in the Maurer
valley yielded a single “pteridophyll” leaf fragment of
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most probably Late Carboniferous to Early Permian
age (Franz et al. 1991). Early Carboniferous ages have
been reported from the Habach valley of the Tux nappe
(334 + 39/-25 Ma; Vavra 1989; Vavra and Hansen
1991) and from the Amer and Hollersbach valleys of
the Granatspitz nappe (352 + 12 and 355 + 5 Ma re-
spectively; Peindl and Hock 1993; Table 1). However,
the Habach valley sample [a meta-rhyolite according to
Vavra (1989) and Vavra and Hansen (1991)] has been
later reinterpreted as a Central Gneiss variant (A-type
meta-granite) by Kupferschmied (1994) and Kup-
ferschmied and Holl (1994) due to field mapping and
geochemical criteria, and by Schermaier (1993) and
Winkler (1996) due to zircontypological and geochem-
ical studies. The latter author inferred that this gneiss
type is unique in the central and western Tauern Win-
dow, resembling the Augengneiss of Felbertauern, only.
The Hollersbach valley sample is derived from a tona-
litic dyke according to Peindl and Hock (1993), and not
from a concordant meta-volcanic layer. The Amer val-
ley sample gave a concordant age of 352 + 12 Ma;
however, besides this brief information in an abstract,
further data and possible implications are still unpub-
lished. However, this is so far the only age that points
to the existence of Variscan volcanics in the central
Tauern Window. In the absence of geochronological
data, earlier authors attributed the intermediate to
leucocratic meta-volcanics and meta-sediments to the
pre-Variscan Habach Group (Frasl 1958; Holl 1975;
Steyrer 1982, 1983; Steyrer and Hock 1985). Only
recently, erosional unconformities between Habach
Group lithologies and overlying (Variscan?) meta-vol-
canics and meta-sediments have been reported from the
Habach syncline (Kupferschmied 1994; Kupferschmied
and Holl 1994) and the Schneiderau syncline (Kraiger
1989).

The Habach syncline at the northern front of the Tux
nappe consists of graphite-rich phyllites as well as
coarse- and fine-grained amphibolites and greenschists
of the pre-Variscan Habach Group, which have been
intruded by an A-type microgranite at 334 + 39/
—25 Ma (Vavra 1989; Vavra and Hansen 1991). An
angular unconformity separates these lithologies from
overlying felsic tuffs and tuffites intercalated with en-
claves of mafic lapilli-tuffs and tuffaceous breccias and
overlain by intermediate, andesitic to dacitic lavas, tuffs
and tuffites. The poorly sorted clasts of the pyroclastics
suggest a site rather proximal to a volcanic centre
(Kupferschmied 1994). More distant, muscovite- and
carbonate-rich micaschists and phyllites rest uncon-
formably on Habach Group rocks. The erosional un-
conformity is marked by a “black schist” horizon
overlain by light-coloured micaschists and phyllites
(Kupferschmied 1994; Kupferschmied and Ho1l 1994).

We sampled a felsic rhyolitic tuff (Heuschartenkopf
gneiss) and an intermediate dacitic lava (Peitingalm
gneiss), as well as a small, concordant layer of a further
rhyolitic tuff adjacent to the base of the “black schist”
horizon in the light-coloured micaschists and phyllites

(Schonbachwald gneiss). Furthermore, a rhyodacitic
lava (Falkenbachlappen gneiss) overlain by micaschists
and phyllites from the northern front of the Granatspitz
nappe has been investigated.

Materials and methods

The samples comprised 10 to 40 kg of fresh material. Mineral
fractions for isotopic analyses were processed through conventional
mineral separation techniques, including a Wilfley table, heavy
liquids and the Frantz isodynamic separator. Final mineral sepa-
rates consisted of hand-picked, top-quality zircon grains, charac-
terized by homogeneity, transparency, colour and fluorescence.

Zircon grains from the sample and a zircon standard are
mounted and polished in a 24-mm-diameter epoxy disc and gold
coated. The zircons are then photographed, examined by cathodo-
luminescence (CL) imaging and analysed using the SHRIMP 11
ion microprobe. During data reduction, correction for common Pb
in the zircon uses the methods of Compston et al. (1984). The
calculation of 2°°Pb/?**U ages is based upon the assumption that
the bias of the measured 20Pb™ /23U ™ ratio relative to the true
ratio can be described by the same power law relationship
(Claoue-Long et al. 1995) between 2°°Pb*/>¥U™ and UO*/U*
for both the CZ3 standard zircon (Pidgeon 1997) and the un-
known zircon analysis. The uncertainty of the 2°°Pb/***U age of
the unknown zircon includes the uncertainty of the 200Pb™ /238U "
ratio of the standard. For this reason, approximately twice the
number of ‘“‘standard” analyses are interspersed between “‘un-
knowns” analyses in any analytical session. Reproducibility for
the “standard” Pb/U ratio ranged between & 1.05% and +2.22%
for the six SHRIMP sessions required to analyse the samples. The
concentrations of U, Th and Pb are calculated using a similar
approach to that used for the calculation of U/Pb ratios with the
unknown referenced to the standard with known U, Th and Pb
abundances (Compston et al. 1984; Claoue-Long et al. 1995;
Williams et al. 1996).

The zircons were examined with a Zeiss DSM 960A scanning
electron microscope (SEM) at the Institut fiir Allgemeine und
Angewandte Geologie, University of Munich, and with a JEOL
6400 at the Electron Microscopic Centre, University of Western
Australia in Perth in back-scattered electron (BSE) and cathodo-
luminescence (CL) mode on polished and gold- or carbon-coated
grain mounts for internal structures.

Errors cited for individual analyses include errors from count-
ing statistics, the common-Pb correction and the U/Pb calibration
error based on reproducibility of U/Pb measurements of the stan-
dard. They are at the 1o level, whereas weighted mean values given
on pooled analyses (y*~1) are at the 20 level (95% confidence level).
Error polygons shown in Figs. 5, 6, 7 and 8 are at the 1¢ level. The
206pp/238U error is generally the smallest error, because 2°°Pb/>*¥U
dates for SHRIMP analyses of Proterozoic to Paleozoic zircons are
more precise than 2°’Pb/>**U and 2°’Pb/*°°Pb dates, due to the
lower abundance of 2°’Pb as compared with 2°°Pb in such zircons.
Decay constants used are those recommended by IUGS (Steiger
and Jédger 1977). Upper intercept age calculations were calculated
after Ludwig (1991). The terminology of periods and epochs
quoted herein follows the chronostratigraphic time scale of Grad-
stein and Ogg (1996).

Results and interpretation

CL images of some of the investigated zircons are given
in Fig. 4. Geochemical descriptions and further refer-
ences are compiled in Table 1; U/Pb data in Table 2.
Results are grouped from oldest to youngest and
depicted in Figs. 5, 6, 7 and 8.
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Zwolferkogel gneiss (1; intrusive granodiorite)
(9] o

ol ar E‘D § All eight analyses plot analytically concordant with no
= ES =8 excess scatter (Fig. 5). The identical mean 2°°Pb/***U
é & é 5 %; §§ = and 2°’Pb/>*°U ages of 374 + 10 Ma (4*> = 0.88 and
nE @ Z —Z5ET o E 0.95 respectively) indicate the crystallization age of the
YT ¥> 5ESSET granodiorite.
22 5% 5:EsEd
28 25 Z85%%3
= = 2 - Falkenbachlappen gneiss (2; rhyodacitic lava)

o All 11 analyses from centre and rim zones form a single,
~ < & = coherent population plotting analytically concordant
H H + H with some excess scatter (Fig. 6a). The mean 2°°Pb/***U
E = § % age of 343 + 6 Ma (4> = 3.75) and the mean 2*’Pb/**°U

age of 349 + 6 Ma (4*> = 1.20) may indicate the crys-
tallization age of the rhyodacite.
2 2
- X =
g9 2= Z o
%_«E Eg _ % S HochweiBenfeld gneiss (3; “in situ’ anatectic granite)
- 58 8 =
gg g%ag o E Fifteen analyses from all zones of the zircons form a
= %9:‘% ° 588 S single concordant population with a mean 2°°Pb/**%U
§'§% 5 e %2 g age of 342 + 5 Ma (y* = 3.23) and a mean **’Pb/**°U
EMT PEzz8d 2 age of 343 £ 5 Ma (> = 2.42) (Fig. 6b). Only one spot
M = A — on grain 10 is omitted from the calculation due to its
slight discordancy and unusually low U content of
N 8 234 ppm compared with the normal range of 1028—
_ = e 3137 ppm U.
o _§ 2=
5% 2z g
3% A T Augengneiss of Felbertauern (4; intrusive granite)
T8 34 BI%
v E %8 ;51 Thirteen analyses from the various zones form a single
£ . ;8 2 g0 concordant population with no excess scatter. They yield
2= *Eni S 2% mean U/Pb ratios equivalent to a 2°°Pb/?**U age of
2”7 27 Z 2= 340 + 4 Ma (*=0.83) and a 207Pb/2U age of
341 £ 4 Ma (3> = 0.72) (Fig. 6¢). The 340 Ma age is
interpreted as the crystallization age of the granitic
e 5 8o, precursor of the Augengneiss of Felbertauern. Four
= = 8 3 g analyses are discordant with lower U/Pb ratios due to
2= 42 2 gjﬁ z SHRIMP spots on highly metamict zones (spot 1 r and
- e =g FE 12 with 7435 ppm U and 5273 ppm U respectively) or on
22 O%- 2 = o2 cracks (spot 6), which caused rejuvenated ages due to Pb
&E)n% v EZ o p S5 ; Ny loss. Such cracks have obviously been used as pathways
=5 'T;) 5 fa’ 88 ‘i% s 2 g for fluids, which leached the more easily solvable radi-
g § 5;%, S § _;“é; agiodt= § ogenic Pb compared to common Pb. This is documented
Seg 552 CE.8BES in the two SHRIMP analyses 6 and 6c, which have been
gg <SS 3 34:: %’ z 4:: =57 placed in the same growth zone, yet one spot is on a
ESTESAER2E53T diffusion channel (visible in the CL image), the other on
« © A A an undisturbed area (Fig. 4b, grain 6). As presumed, the
analyses on the crack yielded significantly younger U/Pb
% % :S ages than the one from the undisturbed region.
2 o 2 25
=} = =i g =
2 = 2 2 eitingalm gneiss (11; dacitic tuff)
S
g Seventeen grains have been analysed. Apart from ana-
v e s = lyses 1, 10, 12 and 9, the remaining 13 analyses from
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Table 2 U/Pb data. In grain column: spot positions are ¢ centre, r rim, or intermediate between ¢ and r (no suffix)

Grain Ugpm) Thppm) Pbppm) Calculated ratios Calculated ages in Ma (£1 o)

206Pb/238U (il O') 207Pb/235U (j: 10,) 207Pb/206Pb (il 0_) 206Pb/238U 207Pb/235U 207Pb/206Pb

Zwolferkogel gneiss (1; intrusive granodiorite)
24

1 391 1 0.061168  0.001654 0.455813  0.015479 0.054045  0.000943 383 10 381 11 373 39
2 495 2 27 0.057841  0.001565 0.430373  0.014366 0.053965  0.000888 362 10 363 10 370 37
3 1648 4 94 0.061761  0.001630 0.454573  0.012709 0.053381  0.000347 386 10 380 9 345 15
4 298 2 18 0.060110  0.001636 0.428494 0.015914 0.051701  0.001142 376 10 362 11 272 51
5 740 2 41 0.058529  0.001558 0.430806 0.012978 0.053384  0.000595 367 9 364 9 345 25
6 496 1 29 0.060337  0.001618 0.459555 0.014756 0.055240  0.000808 378 10 384 10 422 33
7 409 1 23 0.058093  0.001569 0.439251  0.014534 0.054839  0.000879 364 10 370 10 406 36
8 450 1 27 0.061633  0.001655 0.465832  0.014916 0.054817  0.000790 386 10 388 10 405 32

Falkenbachlappen gneiss (2; rhyodacitic lava)

lc 222 84 13 0.056363  0.000776 0.440176  0.030298 0.056642  0.003724 353
1 321 155 19 0.054855  0.000684 0.424377  0.022735 0.056110  0.002837 344
2 280 113 15 0.053512  0.000672 0.398122  0.012747 0.053959  0.001507 336
3c 900 577 54 0.055447  0.000585 0.415769  0.006306 0.054384  0.000525 348
378 204 22 0.055173  0.000652 0.403838 0.012316 0.053085  0.001416 346
890 643 52 0.052644  0.000560 0.389920 0.008782 0.053718  0.000997 331
300 127 17 0.055047  0.000691 0.420203 0.012883 0.055364  0.001464 345
279 141 16 0.054039  0.000718 0.401842  0.024107 0.053932  0.003067 339
283 163 16 0.053600  0.000696 0.397250  0.009594 0.053752  0.001011 337
427 260 25 0.054296  0.000663 0.400507 0.018494 0.053499  0.002302 341
808 859 55 0.056891  0.000591 0.419268 0.006103 0.053450  0.000481 357

Hochweilenfeld gneiss (3; “in situ” anatectic granite)

370 21 478 146
359 16 457 112
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368 128

N N A N NP I N S A N )
(%) [95)
S (8}
[\S] S
—_

I

w

%Y

N
BAWUOO O WO

N

\S)

=2

w

Ne)

1 1135 202 61 0.056302  0.000750 0.415702 0.006827 0.053550  0.000433 353 5 353 5 352 18
2 1531 254 82 0.056394  0.000745 0.419372  0.007039 0.053935  0.000477 354 5 356 5 368 20
3c 1122 389 61 0.054320  0.000721 0.398049 0.008495 0.052916  0.000787 341 4 337 6 325 32
3 1543 403 79 0.053952  0.000718 0.400489  0.007149 0.053735 0.000586 339 4 341 5 359 24
3r 1675 50 73 0.053148  0.000699 0.389455 0.006732 0.053110  0.000521 333 4 333 5 334 21
4 3137 408 168 0.056728  0.000735 0.419682  0.006208 0.053656  0.000306 356 4 356 4 357 13
5 1347 343 71 0.054012  0.000715 0.399232  0.007084 0.053609  0.000551 339 4 341 5 355 23
6 1352 349 73 0.055184  0.000731 0.405654 0.007236 0.053314  0.000555 346 4 346 5 342 24
6r 2913 641 147 0.053361  0.000694 0.384219 0.007357 0.052222  0.000654 335 4 330 S 295 29
7 2026 536 106 0.053447  0.000699 0.396949  0.007039 0.053865  0.000563 336 4 339 5 365 24
8 1910 406 101 0.054816  0.000718 0.404673  0.007005 0.053542  0.000525 344 4 345 5 352 22
9¢ 1028 103 53 0.055046  0.000737 0.407362 0.007258 0.053673  0.000547 345 5 347 5 357 23
9r 2905 208 143 0.053210  0.000691 0.389551  0.005791 0.053097  0.000308 334 4 334 4 333 13
10 243 77 14 0.051915  0.000800 0.388530 0.014768 0.054279  0.001784 326 5 333 11 383 74
11 1309 265 68 0.053656  0.000711 0.395349  0.007020 0.053440  0.000549 337 4 338 5 348 23
Augengneiss of Felbertauern (4; intrusive granite)
Ic 782 366 43 0.052550  0.000798 0.387631  0.009618 0.053499  0.000953 330 5 333 7 350 40
1 1511 373 81 0.054198  0.000801 0.396150 0.007580 0.053012  0.000554 340 5 339 6 329 24
Ir 7435 584 225 0.032153  0.000466 0.234038 0.003727 0.052792  0.000265 204 3 214 3 320 11
2 768 160 42 0.055738  0.000845 0.412487 0.008972 0.053674  0.000742 350 5 351 6 357 31
3 888 205 47 0.053978  0.000813 0.409017 0.008485 0.054957  0.000688 339 5 348 6 410 28
4 1461 409 80 0.054911  0.000813 0.403496 0.007781 0.053294  0.000568 345 5 344 6 341 24
5 2571 619 136 0.054067  0.000791 0.394608 0.006866 0.052934  0.000411 339 5 338 5 326 18
6¢ 1765 704 95 0.053411  0.000790 0.389643  0.010958 0.052910  0.001172 335 5 334 8 325 50
6 1169 256 56 0.048934  0.000733 0.363331 0.009227 0.053851  0.001008 308 5 315 7 365 42
7 2897 604 151 0.053904  0.000787 0.397983  0.006773 0.053548  0.000380 338 5 340 5 352 16
8 2023 863 113 0.054371  0.000800 0.397394 0.007597 0.053010  0.000557 341 5 340 6 329 24
8 1941 625 106 0.054460  0.000803 0.408630 0.008495 0.054419  0.000704 342 5 348 6 388 29
9 1388 395 69 0.048586  0.000725 0.355840 0.011089 0.053118  0.001357 306 4 309 8 334 58
10 1881 480 101 0.054305  0.000799 0.396421 0.007306 0.052944  0.000498 341 5 339 5 326 21
11 1784 425 93 0.053436  0.000788 0.391917 0.007592 0.053193  0.000578 336 5 336 6 337 25
12 5273 1047 205 0.040248  0.000585 0.298054 0.004876 0.053709  0.000318 254 4 265 4 359 13
13 1639 477 88 0.054374  0.000803 0.395608 0.007530 0.052768  0.000544 341 5 338 5 319 23
Peitingalm gneiss (11; dacitic tuff)
1 476 160 22 0.046389  0.001006 0.354420 0.009079 0.055412  0.000621 292 6 308 7 429 25
2 845 195 38 0.046721  0.000995 0.330214 0.008491 0.051260  0.000615 294 6 290 6 253 28
3 1180 265 54 0.047221  0.001000 0.338982  0.007857 0.052064  0.000371 297 6 296 6 288 16
4c 791 162 37 0.048551  0.001035 0.350809  0.008936 0.052405  0.000604 306 6 305 7 303 26
4 791 177 35 0.046310  0.000988 0.342491  0.008228 0.053638  0.000466 292 6 299 6 356 20
5 448 97 21 0.049292  0.001070 0.357684 0.010201 0.052629  0.000842 310 7 310 8 313 36
6 1431 567 69 0.047827  0.001011 0.346271  0.007907 0.052510  0.000336 301 6 302 6 308 15
7 1139 344 52 0.045867  0.000973 0.332369 0.007759 0.052556  0.000392 289 6 291 6 310 17
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Table 2 (Contd.)

Grain Ugpm) Thppm) Pbppm) Calculated ratios Calculated ages in Ma (£1 o)

206Pb/238U (:I:l (T) 207Pb/235U (:l: 10) 207Pb/206Pb (:I:l (T) 206Pb/238U 207Pb/235U 207Pb/206Pb

8 1542 364 72 0.048575  0.001026 0.354542  0.008044 0.052936  0.000322 306 6 308 6 326 14
9 1954 597 74 0.038498  0.000813 0.271189  0.007342 0.051089  0.000742 244 5 244 6 245 33
10 1820 433 76 0.042950  0.000906 0.304723  0.007706 0.051456  0.000594 271 6 270 6 261 27
11c 906 210 42 0.047912  0.001019 0.344964 0.008747 0.052219  0.000595 302 6 301 7 295 26
11 922 242 44 0.048246  0.001026 0.348928  0.008856 0.052453  0.000601 304 6 304 7 305 26
12 1120 377 6 0.041343  0.000879 0.296181  0.009557 0.051958  0.001130 261 5 263 7 284 50
13c 653 130 31 0.048804  0.001044 0.348622  0.009207 0.051808  0.000676 307 6 304 7 277 30
13 808 253 37 0.046208  0.000986 0.337381  0.008910 0.052955  0.000695 291 6 295 7 327 30
14 1152 253 54 0.048415  0.001025 0.347668  0.008462 0.052081  0.000502 305 6 303 6 289 22
Heuschartenkopf gneiss (12; rhyolitic tuff)

1 607 320 31 0.048186  0.001078 0.338565 0.011657 0.050959  0.001199 303 7 296 9 239 54
2 501 161 24 0.047774  0.001075 0.358552  0.015349 0.054432  0.001835 301 7 311 11 389 76
3 674 365 35 0.048256  0.001077 0.342831 0.012327 0.051526  0.001316 304 7 299 9 2064 59
4 1919 1842 97 0.043523  0.000957 0.315165 0.008060 0.052519  0.000556 275 6 278 6 308 24
5 638 286 32 0.048218  0.001078 0.344070  0.012163 0.051753  0.001280 304 7 300 9 275 57
6 444 182 21 0.045945  0.001040 0.316085 0.015238 0.049896  0.001988 290 6 279 12 190 92
7 567 296 28 0.047249  0.001058 0.338841 0.013066 0.052012  0.001493 298 7 296 10 286 66
8 742 399 36 0.046336  0.001032 0.340601  0.010712 0.053312  0.001045 292 6 298 8 342 44
9 547 260 27 0.047125 0.001056 0.328713  0.012820 0.050590  0.001479 297 7 280 10 222 68
10 509 201 25 0.047921  0.001074 0.350582  0.012687 0.053060  0.001366 302 7 305 10 331 58
11 1462 1294 80 0.047656  0.001050 0.338254  0.008928 0.051478  0.000620 300 6 296 7 262 28
12 156 70 7 0.045092  0.001099 0.335775 0.033828 0.054007  0.005118 284 7 294 26 371 215
13 119 50 6 0.048422  0.001209 0.360873  0.040075 0.054052  0.005682 305 7 313 30 373 238
14 312 155 16 0.047258  0.001083 0.327180  0.017588 0.050212  0.002302 298 7 287 13 205 106
15 203 122 11 0.047331  0.001114 0.331253  0.024626 0.050759  0.003433 298 7 291 19 230 155
Venediger Central Gneiss (13; intrusive tonalite)

lc 523 202 25 0.047739  0.000680 0.353201  0.013589 0.053660  0.001824 301 4 307 10 357 77
1 2591 715 111 0.043690  0.000570 0.311465 0.005746 0.051704  0.000595 276 4 275 4 272 26
2 1713 397 82 0.049209  0.000648 0.360106 0.005659 0.053074  0.000377 310 4 312 4 332 16
3 2008 640 100 0.046060  0.000604 0.336566  0.006359 0.052996  0.000639 290 4 295 5 329 27
4 7149 1969 180 0.025519  0.000329 0.183314  0.003055 0.052100  0.000472 162 2 171 3 290 21
5 2143 585 92 0.043974  0.000576 0.314063  0.005619 0.051799  0.000552 277 4 277 4 277 24
Sc 811 378 40 0.047628  0.000651 0.345166  0.009158 0.052562  0.001109 300 4 301 7 310 48
6¢c 3851 579 147 0.038225  0.000497 0.274122  0.006833 0.052012  0.001025 242 3 246 5 286 45
6 2444 707 97 0.039966  0.000523 0.285294  0.005460 0.051773  0.000643 253 3 255 4 275 29
7 1320 1613 77 0.047035  0.000626 0.334875 0.007167 0.051637  0.000784 296 4 293 5 209 35
8 853 743 46 0.046957  0.000641 0.340777 0.009719 0.052634  0.001232 296 4 298 7 313 53
9 795 826 45 0.048419  0.000660 0.360732  0.006500 0.054034  0.000551 305 4 313 5 372 23
10 396 126 20 0.046426  0.000674 0.328450  0.011061 0.051311  0.001469 293 4 288 8 255 66
11 866 720 47 0.047585  0.000648 0.338498  0.008788 0.051593  0.001056 300 4 296 7 267 47
12 475 298 24 0.044740  0.000643 0.333302 0.012929 0.054031  0.001852 282 4 292 10 372 77

Schonbachwald gneiss (14; rhyolitic tuff)

1 694 189 32 0.046822  0.000726 0.338396  0.008506 0.052417  0.000940 295
2 1700 1067 81 0.044103  0.000656 0.309817  0.007997 0.050949  0.000984 278
3 769 69 32 0.043890  0.000677 0.314381 0.007034 0.051951  0.000748 277
4 1433 365 62 0.044006  0.000659 0.307693  0.008541 0.050711  0.001095 278
5 2251 31 83 0.039945  0.000590 0.295888  0.006631 0.053723  0.000812 252
6 564 198 24 0.041583  0.000671 0.309796  0.015980 0.054032  0.002540 263
7 526 228 26 0.046552  0.000742 0.331394  0.010585 0.051630  0.001330 293
8 848 837 44 0.044038  0.000693 0.328526 0.014277 0.054105  0.002088 278
9 704 216 24 0.031525  0.000502 0.209663  0.007492 0.048235  0.001450 200
10 1191 271 51 0.043080  0.000653 0.303485 0.010519 0.051093  0.001499 272
11 1330 544 63 0.045691  0.000686 0.330454 0.009103 0.052454  0.001117 288
12 2964 1323 90 0.027195  0.000408 0.184129  0.004785 0.049105  0.000955 173
13 510 179 22 0.041708  0.000479 0.296089  0.014967 0.051488  0.002462 263

Granatspitz Central Gneiss (15; intrusive granite)
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1 916 278 39 0.042734  0.000448 0.299484  0.008015 0.050827  0.001187 270 3 266 6 233 54
2 1146 437 86 0.073910  0.000741 0.563828  0.008448 0.055327  0.000550 460 4 454 5 425 22
3c 352 31 25 0.074070  0.000829 0.567408 0.010838 0.055559  0.000786 461 5 456 7 435 31
3 1168 49 66 0.060825  0.000612 0.452211 0.006187 0.053921  0.000437 381 4 379 4 368 18
4c 278 112 12 0.040050  0.000500 0.276101  0.010797 0.050000  0.001777 253 3 248 9 195 82
4r 4875 77 146 0.032874  0.000318 0.233205 0.002962 0.051451  0.000365 209 2 213 2 261 16
5 1044 377 55 0.035866  0.000424 0.249143  0.025445 0.050381  0.005037 227 3 226 21 213 217
6 320 33 22 0.072221  0.000816 0.545037 0.011016 0.054735  0.000843 450 5 442 7 401 35
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Grain Ugpm) Thppm) Pbppm) Calculated ratios

Calculated ages in Ma (+1 o)

00pp 2By (£16)  2PbPBU (£10)  2PbPb (£140)  2°Pb/ASU 27Pb/2SU 27pb2%ph
Tc 2269 165 90 0.042792  0.000421 0.305311  0.004432 0.051747  0.000492 270 3 271 3 274 22
Tr 199 116 10 0.041050  0.000645 0.258310 0.040244 0.045638  0.006985 259 4 233 32 0 36
8 824 407 42 0.042390  0.000447 0.305328  0.008275 0.052239  0.001238 268 3 271 6 296 54
9 323 163 14 0.038757  0.000481 0.256855 0.015955 0.048066  0.002852 245 3 232 13 103 134
10 353 111 15 0.042842  0.000511 0.313398  0.014116 0.053055  0.002227 270 3 277 11 331 95
11 159 112 9 0.043016  0.000625 0.318311  0.022154 0.053668  0.003557 272 4 281 17 357 150
12 1434 117 57 0.042716  0.000432 0.308562  0.005267 0.052390  0.000657 270 3 273 4 303 29

centre and overgrowth zones form a single, coherent
population plotting analytically concordant (Fig. 7a).
The mean 2%Pb/?3¥U and 2°7Pb/>3°U age of 300 +
5 Ma (3° = 1.13 and 0.84 respectively) may indicate the
magmatic crystallization age due to no excess scatter.
The younger ages of analyses 9 and 10 may be explained
by the high uranium contents of 1820-1954 ppm com-
pared with the range of 476-1542 ppm in the other zir-
cons. These high U contents caused more intense
metamictization. SHRIMP spot 12 has unintentionally
been placed on a disturbed zone as evidenced in the CL
image (Fig. 4f, grain 10).

Heuschartenkopf gneiss (12; rhyolitic tuff)

Fifteen grains have been measured. Thirteen zircons
have analytically concordant °°Pb/>**U, 2°’Pb/*>**U and
206pp207ph ratios, yielding an extrusion age of the
rhyolitic precursor of 299 &+ 4 Ma (?°°Pb/?38U;
%> = 0.46) (Fig. 7b). Two SHRIMP spots (4, 12) are
slightly discordant and younger. Spot 4 is situated on a
non-luminescent, high-U centre zone (Fig. 4g), which
probably led to the observed rejuvenation. Analyses 12
is from a homogeneous centre of a long-prismatic zir-
con, and the cause of the isotopic disturbance is not
apparent.

Venediger Central Gneiss (13; intrusive tonalite)

Seven analyses from 12 grains are analytically concor-
dant with a mean 2°°Pb/***U and 2°’Pb/**°U age of
296 + 4 Ma (3> =0.88) and 296 + 5 Ma (3> = 0.45)
respectively (Fig. 7c). That age is interpreted to repre-
sent the intrusion age of the gneiss precursor. Five an-
alyses are slightly discordant with significantly lower
20pp /238y ratios and high U contents up to 7149 ppm
(spots 1, 4, 5, 6, 6¢). These analyses may be aligned on a
regression line towards zero. Given the positive corre-
lation of U content and discordancy, these analyses are
interpreted to reflect rejuvenation due to metamictiza-
tion. Two further analyses (2, 9) reveal an older com-
ponent, although no cores can be seen within the CL
images (Fig. 4c). Adding these two analyses to the seven
concordant analyses would increase the mean ages to

299 + 5Ma (3> =1.71)
respectively.

and 301 + 7 Ma (3% = 1.20)

Schonbachwald gneiss (14; rhyolitic tuff)

Ten analyses from 13 grains yield an analytically con-
cordant mean 2°°Pb/238U age of 279 + 5 Ma (with
some excess scatter as indicated by ;> =4.72) and a
207pp/>5U age of 280 + 7 Ma (> = 1.51). These age
data are interpreted as the extrusion age of the rhyolitic
precursor of the muscovite gneiss (Fig. 8a). The other
three analyses are younger, two of them (5, 12) due to Pb
loss associated with high U content. The other one (9)
obviously reveals a disturbed U/Pb system, yet is inter-
preted as being derived from the main population.

Granatspitz Central Gneiss (15; intrusive granite)

Sixteen SHRIMP spots have been placed on 13 grains.
Eight analyses from the centre, intermediate and rim
positions form a single, coherent population that is
slightly discordant (Fig. 8b). Thus, the mean *°°Pb/***U
age of 268 + 3 Ma (> = 0.99) is interpreted as mini-
mum crystallization age, whereas the real age may be
slightly older. In the rest of this paper the somewhat
arbitrary mean 2°’Pb/>*°U age of 271 + 4 Ma (y*> =
0.37) is chosen to represent the intrusion age, although
any age between 265 Ma (lower age limit of the mean
206pb/238Pb age) and 275 Ma (upper age limit of the
mean 297Pb/?33Pb age) would be statistically equivalent.
The age range is within error limits similar to a Rb-Sr
whole rock age of 265 + 39 Ma (CIiff 1977).

Three analyses (9, 5, 4r) have lower 2°°Pb/**®U
ratios. The lowest ratio from a rim zone (4r) may be
explained by an unusually high U content of 4875 ppm
U, which probably caused a high degree of radiation
damage, and, in consequence, radiogenic Pb loss. The
other two analyses derived from zircons, which are un-
usually densely filled with inclusions (9) or metamict (5).
We tentatively associate both cases with radiogenic Pb
loss and rejuvenation. Three further spots from centre
regions (2, 3c, 6) yield a concordant age of 457 +
16 Ma (mean 2%Pb/?38U age) and a fourth spot from
a rounded intermediate zone (3) of 381 + 4 Ma
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Fig. 4 CL images of zircons from Variscan granitoids (a—d) and
volcanics (e-h); black circles indicate SHRIMP spot size and
position; grain numbers as in Table 2; scale bars 35 pm; r rim; ¢
centre; intermediate position without letter. a Hochweillenfeld
gneiss: corrosion phenomena and leached cracks (Y) are frequent
and similar to the Augengneiss of Felbertauern. b Augengneiss of
Felbertauern: due to intense deformation, many zircons are broken
and reveal surface corrosions and cracks (Y). ¢ Venediger Central
Gneiss: some grains show centres of a chaotic mosaic (6).

Extremely elongated grains have their pyramidal tips broken off,
which caused a parallel-striped appearance of the oscillatory zones
(9). d Granatspitz Central Gneiss. e Falkenbachlappen gneiss. f
Peitingalm gneiss: some grains reveal cracks vertical to their c-axis
(probably due to their largeness) (9). g Heuschartenkopf gneiss: the
zircons reveal two different shapes — a small, short-prismatic,
oscillatory-zoned variant (/) and a long-prismatic, parallel-zoned
variant with broken-off pyramidal tips (/2). h Schénbachwald
gneiss
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Fig. 5 Concordia plot showing SHRIMP analyses for zircons from
a Middle Devonian (Givetian) leucocratic gneiss

(Fig. 4d). These centre regions are interpreted as inher-
ited zircon cores; their age of ca. 460 Ma may possibly
mark the age of the source rock, from which the Gra-
natspitz magma was derived. The existence of inherited
cores may explain the unsuccessful dating attempt with
conventional isotope dilution technique of CIiff (1981),
where three zircon fractions yield almost concordant
206pp/238U ages of 264278 Ma and *°’Pb/>*°U ages of
269-281 Ma, corroborating our data, yet one fraction
pointed to an U/Pb age older than 325 Ma.

Discussion

The U/Pb SHRIMP ages of eight Variscan leucocratic
orthogneisses reveal close temporal relationships be-
tween granitoid intrusions and volcano-sedimentary
deposits during three distinct periods in the Early Car-
boniferous (Visean), Late Carboniferous (Stephanian)
and Early Permian. A further age indicates a pulse of
magmatic activity as early as Middle Devonian.

Middle Devonian (Givetian) and Early
Carboniferous (Visean)

Amalgamation of the northward-drifting northern por-
tions of the “Intra-Alpine” terrane hosting the Tauern
Window area with Laurussia—Avalonia probably did not
occur prior to the Late Devonian, as may be judged
from the primitive volcanic-arc chemistry of the
374 £ 10-Ma-old Zwolferkogel granodioritic gneiss
(Fig. 9, inset map). This rock appears to be another
representative of the Early Variscan, potentially sub-
duction-related I-type granitoid group as defined by
Finger et al. (1997). Regarding age and chemistry, it is
particular similar to the so-called Cetic granitoid suite
(Frasl and Finger 1988), which consists of exotic boul-
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Fig. 6a—c Concordia plots showing SHRIMP analyses for zircons
from Early Carboniferous (Visean) leucocratic gneisses. Grey
polygons are rejuvenated main population zircons that have
suffered Pb loss

ders of sodium-rich, Hbl-bearing tonalites to granodi-
orites with very primitive Sr-isotope characteristics
embedded in the northern Alpine flysch (Finger et al.
1997).

A further, important occurrence of Middle to Late
Devonian I-type plutons is in the northern realm of the
Armorican terrane, the Mid-German Crystalline High.
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That granitoid belt can be traced westwards by bore-
holes in the Paris basin and is usually correlated with a
“Normannian High” concealed under the English
Channel (Holder and Leveridge 1986). The rocks have
geochemical signatures of volcanic-arc type settings and
include a few gabbros (Odenwald: 362 + 7 Ma; Kirsch
et al. 1988), diorites, tonalites and large masses of
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Fig. 8a-b Concordia plots showing SHRIMP analytical points for
zircons from Permian leucocratic gneisses. Black polygons indicate
inherited zircons; grey polygons are rejuvenated main population
zircons that have suffered Pb loss

normal and high-K granodiorites (Schwarzburg anti-
cline: ca. 370 Ma; Gehmlich et al. 1997). Granitoids of
similar type and age have also been recorded in the
Central Bohemian Batholith of the Moldanubian zone
(Kosler et al. 1993; Janousek et al. 1995; Holub et al.
1997).

From the foregoing, it is likely that the collision be-
tween the Tauern Window basement and Laurussia—
Avalonia occurred between the Late Devonian and the
Early Carboniferous. Roughly 340-Ma-old “in situ”
anatexites (e.g. Hochweillenfeld gneiss: 342 + 5 Ma)
adjacent to thrust planes and Variscan amphibolite-
facies metamorphism up to some 325 Ma (Pestal 1983)
indicate already deeply buried segments of stacked
nappes. The collisional events are documented in
340-334-Ma-old high-K granites (e.g. Augengneiss of
Felbertauern: 340 + 4 Ma; Knorrkogel gneiss: 334 =+
8 Ma; Table 1) accompanied by volcanic activity in a
syn-collisional extension setting (e.g. Falkenbachlappen
gneiss: 343 + 6 Ma). Obviously, intra-montane trans-
tensional basins containing detrital sediments and
calc-alkaline volcanics (or plutons and dykes at some-
what deeper levels) evolved during the Visean, despite a
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2000

Eichhorn

Fig. 9 Tentative palinspastic reconstruction of central Europe in
the Late Carboniferous period (modified after Franke et al. 1995;
Finger et al. 1997; Tait et al. 1997, Raumer 1998). Large-scale
dextral strike-slip movements are assumed to have moved the
“Intra-Alpine” terrane from a easterly position to a southerly
position relative to Armorica. Thus, the Devonian and Early
Carboniferous granitoid intrusions (marked by crosses) in the
northernmost parts of the Armorican (Mid-German Crystalline
High) and “Intra-Alpine” terrane may have resulted from the same
processes, i.e. the southward subduction of a Rhenohercynian
(RH) ocean, and their subsequent collision with Laurussia—
Avalonia. Framed areas mark the approximate position of the
Tauern Window area

compressional/transpressional regime prevailing on a
large scale. The magmatic evolution of the Tauern
Window area at that time is similar to the evolution
reported from the “External domain” (Switzerland):
Intramontane basins containing sub-aerial clastic sedi-
ments and pyroclastic tuffs were probably formed be-
tween 345 and 335 Ma and were filled in under an
extensional setting (Schaltegger and Corfu 1995). Si-
multaneously, high-K magmas intruded and thermal
metamorphic peak conditions prevailed at 337-333 Ma
in deeper levels (data compilation in Raumer 1998).

Avalonia o R\ N Early-
. ,_", l_\___ _\| o o\ .
" T e " Carboniferous
| hat N e #__,--—"" _pammmammT : \.
¥ Noman™~ - RH — - % e \'_'_“‘—__\}
s, nian High R T e e = (o
Tt Mid-German E? @ - N
Rt T i Crystalling H1gh__ oy .
s memmE——— \‘
\.
\.l'osgeﬁ :_\
Armorica - P o
Forest - i /)
STy Ay Y
* _ bt wr i Sy % !
G W 7% 7 7
- s \;‘ - < ! = - ™ ———
Ceniral .-r‘:':::f.-:-"'{-’ L= _..I‘-_-__H:’_::- rﬂ} r\!_ f__’
A e,
sl ? ! ?
? &y vl - f; —
H & ‘___’f"_,::_; .:" :f_' bl
R e e l.\/“' | 100 km
.-’: "\-_%J_h b o -—__,..--"" —
%< Devonian °

'jl___ * Avalonia

Rhenohercynian {RH) ocean

et Ul

__

—p—_———

Armorica "
——" 1
s A At Intra-Alpine .
e e o S
— A N
Muossif Central - Moldanubian e B e T
(MCM)  ocean

Morthern Gondwana margin

Bearing in mind the Late Carboniferous dextral
westward wrenching of Gondwana relative to Laurussia
(Arthaud and Matte 1977), dextral mega-strike-slip
movements may have shifted the “Intra-Alpine” terrane
to the south of Armorica. Prior to that, the “Intra-Al-
pine” terrane may have been located in an south-east-
ward extension of Armorica. Accordingly, the Devonian
Zwolferkogel gneiss and the Cetic granitoids may be
related to a southward subduction of the Rhenohercy-
nian ocean (Fig. 9, inset map).

Since subduction probably ceased in the Late Devo-
nian (Franke et al. 1995), an active Andean-type margin
setting is an unlikely explanation for the Early Carbo-
niferous magma pulse. Schaltegger (1997) proposed that
these magmas may have been generated during a short
phase of decompressional melting of lithospheric mantle
and lower crustal sources. This melting stage may have
been triggered by detachment of the subducted oceanic
slab or simply by thermal erosion of the Variscan oro-
genic root through a convecting mantle. An extensional
tectonic regime for the emplacement of the granitoids is
also suggested by their partly shallow intrusion into
coeval volcano-sedimentary basin sequences.
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A possible mechanism for producing the Visean “‘in
situ” anatexites (e.g. HochweiBlenfeld gneiss) may be
inferred from their conjectured position at the base of
major thrust planes. Quartzo-feldspathic amphibolite-
facies rocks (e.g. pre-Variscan biotite—plagioclase gneis-
ses and banded amphibolites of the Old Gneiss Series)
positioned near the base of a thick nappe pile may have
started to melt due to local shear heating and the po-
tential addition of water released from overridden rocks
(e.g. paragneisses of the Old Gneiss Series). Therefore,
the 340 Ma formation time of the anatexites may indi-
rectly date the process of Variscan nappe-stacking.
However, it must be emphasized that the S-type Gra-
natspitz Central Gneiss, which has previously also been
attributed to the oldest generation of Variscan grani-
toids and regarded as an indicator for Early Carbonif-
erous crustal anatexis (Finger etal. 1993, 1997;
Schermaier 1993), is much younger (Early Permian). The
mechanisms to generate the huge mass of the Permian
Granatspitz magma by regional crustal anatexis are
independent from the Early Carboniferous processes
discussed before.

Late Carboniferous (Stephanian)

We conjecture from the lack of geochronological data in
the time span 340-300 Ma that the central Tauern
Window area experienced a period of magmatic quies-
cence combined with uplift and erosion as evidenced in
the Habach syncline: There, an equivalent to the Au-
gengneiss of Felbertauern (340 + 4 Ma), dated by
Vavra and Hansen (1991) at ca. 334 Ma, was uplifted
and eroded, until volcanic eruptions at 299 + 4 (Heu-
schartenkopf gneiss) and 300 = 5 Ma (Peitingalm gne-
iss), and again at 279 + 7 Ma (Schonbachwald gneiss).
This produced the unconformable deposition of pyro-
clastics, tuffites and tuffs near the volcanic centre and of
carbonate-rich psammitic to pelitic sediments further
off. In addition, the same granite has been intruded by
huge masses of I-type, calc-alkaline granodiorites and
granites (“Tux Augen- and Flaser-gneisses™”). The em-
placement time of the granodiorites and granites is
bracketed by the age of tonalites equivalent to the
Venediger tonalite (i.e. 296 £ 4 Ma), into which they
also intruded according to Schermaier (1993), and the
292 + 6 Ma age of aplitic injections (“‘Reichenspitze”
granites) post-dating the granodiorites and granites. The
latter age is a recalculated Rb—Sr whole rock isochron
age (Finger et al. 1993) that uses data of Besang et al.
(1968). The estimated intrusion time of the granodiorites
and granites between 296 and 292 Ma is only marginally
younger than the deposition time of ca. 300 Ma of the
pyroclastics, tuffites and tuffs unconformably overlying
the Early Carboniferous granite.

Further evidence for magmatic quiescence and uplift
can be inferred from the Venediger nappe, which consists
of pre-Variscan Stubach Group equivalents (Old Gneiss
Series) and of Variscan gneiss lamellae. During the

Variscan orogeny, these rocks were probably nappe-
stacked with the gneiss precursors adjacent to major
thrust planes. They exhibit a nebulous, diffuse contact
with the much older surrounding migmatites and have
been partly generated by “in situ’ anatexis (Finger et al.
1993) at 342 £ 5 Ma (HochweiBenfeld gneiss) and
334 + 8 Ma (Knorrkogel gneiss; Finger and Quadt
1993). About 40 Ma later, these originally deep-seated
rocks had to be uplifted and cooled significantly to ex-
plain the sharp, discordant contacts of cross-cutting
granodioritic to granitic dykes and minor intrusive bodies
derived from the Venediger magmatic suite (296 +
4 Ma) (Schermaier 1991). The uplift was presumably
accompanied by erosion and sedimentation, as indicated
by the deposition of Late Carboniferous to Early Perm-
ian clastic sediments (now micaschists) on pre-Variscan
Stubach Group equivalents (Franz et al. 1991).

The similarities of this evolution in the Tauern Win-
dow area to the evolution of the External domain in the
Western Alps (Schaltegger and Corfu 1992, 1995; Bussy
and Raumer 1994; Sergeev et al. 1995; Schaltegger 1997)
are obvious: There, a basin and a reactivated successor
basin are reported: 303 + 4 to 299 + 2-Ma-old pyroc-
lastics rest unconformably on 345-335-Ma-old sedi-
ments and tuffs. They are intruded by an intermediate,
high-K calc-alkaline sill at 310 £ 3 Ma (Westphalian)
as well as by an acid, high-K calc-alkaline to subalkaline
granite at 298 + 2 Ma (Stephanian). Schaltegger and
Corfu (1995) did not favour a rapid sequence of volcanic
deposition, burial and intrusion during the Stephanian.
They assumed a caldera collapse and the subsequent
intrusion of 298 Ma old magma into the overlying vol-
canics. In the central Tauern Window, 310-Ma-old
granitoids are missing or still undetected. However, such
Westphalian magmatic activity has been detected in the
eastern Tauern Window, where tonalites and grano-
diorites have been emplaced at 314 + 7 Ma and
313 £ 10 Ma respectively (CIiff 1981).

The Stephanian volcano-sedimentary deposits and
voluminous Venediger and Tux granitoid suites bear
dominantly crustal isotopic and volcanic-arc geochemi-
cal signatures (Finger et al. 1993). Schaltegger and
Corfu (1995) and Schaltegger (1997) proposed for the
External domain that the Stephanian magmatism was a
consequence of post-orogenic uplift and adiabatic de-
compression unrelated to subduction zones. They based
their conclusions on the numerous transtensional basins,
beginning to evolve or being reactivated during the
Stephanian. Schaltegger and Corfu (1995) further ar-
gued that the observed calc-alkaline character of these
granites is no direct evidence for active subduction of
oceanic crust. It may simply be the result of a mixture of
previously subducted oceanic lithosphere, which was
underplated or incorporated into the lower continental
lithosphere and crustal melts. Such melts may have been
generated by heat supplied by upwelling, hot (astheno-
spheric) mantle.

On the contrary, subduction-zone related models for
that time have been proposed for the Tauern Window



area: Finger and Steyrer (1990) envisaged melting or
dehydration of remnant oceanic crust beneath the col-
lision zone. This may have been triggered by further
descent of the slab after a presumed detachment from
the overlying orogen. A similar mechanism has been
proposed for the Visean high-K calc-alkaline magmatic
series by Schaltegger (1997). Finger and Steyrer (1990)
and Finger et al. (1997) postulated an Andean-type ac-
tive margin with subduction of oceanic crust under the
southern edge of Laurussia. Considering the Late Car-
boniferous oblique wrenching of Gondwana relative to
Laurussia with the opening of the Paleotethys gulf, it is
possible that transpressional-transtensional tectonics
persisted in more western parts of the Variscan orogen
(e.g. External domain), whilst, at the same time, Pa-
leotethys oceanic crust was already being subducted
further to the east (e.g. Tauern Window area).

Our data cannot corroborate or disprove one of the
above models. However, the existence of various
Stephanian volcano-sedimentary troughs of intra-conti-
nental character, previously unknown in the Tauern
Window area, the lack of evidence for a 300-Ma-old
ocean in that area, and the similarities of the Tauern
Window and External domain magmatic evolutions are
tentatively used as arguments. Thus the production of
Stephanian melts in the Tauern Window was probably
guided by magmatic underplating and crustal decom-
pressional melting combined with post-orogenic crustal
extension, and not by subduction-related processes.

Early Permian

Stephanian sedimentary troughs in the External domain
have been interpreted as successor basins of older (Vis-
ean) basins (Schaltegger and Corfu 1995; Raumer 1998).
That evolutionary model has not been accepted for the
central Tauern Window area. However, there is evidence
from the Habach syncline (e.g. Schonbachwald gneiss:
279 + 7 Ma), the Falkenbachlappen syncline (e.g.
283 + 11 Ma; Loth et al. 1997), and the Porphyrmate-
rialschiefer synclinal anticline (e.g. 284 + 2/-3 Ma;
Sollner et al. 1991) that old (Visean?) basins existed and
have been reactivated or continued to exist until the
Early Permian. The plutonic equivalents of the Permian
volcanics may be represented by the 271 + 4-Ma-old
S-type Granatspitz Central Gneiss. That age is almost
identical to an age of 267 + 4 Ma reported from a
major A-type granite body in the eastern Tauern Win-
dow (Quadt et al. 1999).

The Permian magmatic activity, which is prominent
in the Tauern Window and yet to be reported from the
External domain, has been identified as subalkaline to
alkaline granitoids and rhyolites in the Penninic, Au-
stroalpine and Southalpine domains (Schaltegger 1997).
The late-stage Variscan S- and A-type granites with
Permian intrusion ages may be associated with local
extension along continental wrench zones that were
running through the Variscan orogenic crust (Schalteg-

433

ger 1997) or with a Permian rifting event heralding the
start of the Alpine orogeny (Quadt et al. 1999).

Conclusions

Four pulses of granitoid melt generation in the Middle
Devonian, Early Carboniferous, Late Carboniferous
and Permian are documented in the central Tauern
Window, each representing a distinct stage in the evo-
lution of the Variscan collisional orogeny. It evolved
through (1) Andean-type active plate margin setting
(2370 Ma), (2) remnant subduction zone activation (ca.
340 Ma), (3) decompressional melting (=280-300 Ma),
and (4) the beginning of intra-continental rifting
(<280 Ma). The Variscan Carboniferous magmatic
evolution of the Tauern Window area is similar to the
evolution reported from the more westerly Aar, Aiguil-
les Rouges and Mont Blanc massifs of the External
domain. This fact supports the paleogeographic inter-
pretation of the Tauern Window as an eastward exten-
sion of the External domain (Lammerer 1988; Raumer
1998).

A close temporal relationship between these plutonic
pulses and the deposition of volcano-sedimentary strata
can be documented for the first time in the Tauern
Window: an older sequence of Visean lavas and tuffs
intercalated with a few sedimentary layers, which
formed at 343 + 6 Ma, is analogous to the pyroclastic
tuffs and clastic sediments of the External domain (Aar
massif; Switzerland). A younger, 300 £ 5 Ma explosive
volcanic series is characterized by felsic to intermediate
lavas, tuffs and tuffites intercalated by mafic lapilli-tuffs
and tuffaceous breccias. A third period of volcanic ac-
tivity at about 279 £ 7 Ma produced felsic tuffs em-
bedded in micaschists and phyllites. Such Early
Carboniferous (Visean), Late Carboniferous (Stepha-
nian) and Permian volcano-sedimentary sequences were
probably deposited in intra-continental troughs during
periods of transtension, which had been interrupted by
periods of convergence (transpression) and/or uplift and
erosion. Apparently, the Tauern Window region re-
peatedly experienced periods of magmatic quiescence,
erosion and uplift. Several kilometres of upper crust
must have been eroded from Early Carboniferous to
Late Carboniferous/Permian times, as documented in
the Habach syncline.

Concerning the paleogeographic position of the
Tauern Window in the Variscan Fold Belt, an eastward
continuation of the northernmost part of the Armorican
terrane (Mid-German Crystalline High) is considered
possible.
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