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Abstract

The Innsbruck Quartzphyllite Complex (IQP) is part of the Austroalpine basement nappes north
of the Tauern Window. In the central part of the western IQP garnet-mica-schists with the mineral
assemblage garnet + muscovite + chlorite + garnet + plagioclase occur. Microstructural evidence
indicates that the equilibrium assemblage is muscovite + chlorite + quartz, which allows
application of the method of VIDAL & PARRA (2000) by considering all possible equilibria
among the phase components (muscovite, celadonite, pyrophyllite, clinochlore, Mg-amesite) of
this assemblage. Although not unproblematic due to consideration of phase components in
muscovite solid solutions involving the vacancy on the A-site, muscovite-chlorite-quartz thermo-
barometry yielded 500 + 50°C and 4.5 + 2 kbar for the garnet mica schists of the central part of
the western IQP. Geochronological data from metaporphyroids and quartzphyllites from this area
indicate that these P-T conditions most likely represent the Permian event in the western IQP.

Geological Overview

The polymetamorphic crystalline basement north of the Tauern Window is comprised of lower
Ordovician porphyroid-gneisses (Kellerjochgneiss/Schwazer Augengneiss), micaschists and
gneisses (Patscherkofel and Glungezer Crystalline Complex) and Paleozoic schists (Innsbruck
Quartzphyllite Complex and Wildschonau Schists) with intercalated carbonates (Schwaz
Dolomite) (Fig. 1).

First intensive mapping investigations of the crystalline basement nappes north of the Tauern
Window were performed at the beginning of the 20th century by AMPFERER & OHNESORGE
(1918, 1924). Further extended field investigations of the IQP were done in the second part of
the 20th century by SCHMIDEGG (1964), GWINNER (1971), SATIR & MORTEANI (1978a,
b), HOSCHEK et al. (1980), SATIR et al. (1980), MOSTLER et al. (1982), HADITSCH &
MOSTLER (1982, 1983) and ROTH (1983).

291



*SJIUN 2110302] []p SULIINISSO.1D

a8l ay1 Jo 423u22 ayy u1 Ipfoad JTYSNVYL Yl 210N "104K] Jo 140d (D410 oY) Ul P2II0] S1 YIIYM “‘UONDSSIAUL JO DD Y] JO MI1A1240 [PI180]0IL) pun [DI1Ydp.15025)

Jazabun|9 'z |a10)Jayosied |

xa|[dwoD [~
aulleisAID lreqmys-1e1ZIQ |00

IES

lajaIyog |eboyuielst.

xa|dwo) §

auljeisAio |ajodlayosied

314
81401d dTYSNYML =11 1 -
sSHUn oluluUed MMMMW wm_mcm_mmcmﬁwl
xa|dwoofF===
ayAydzuenp yoniqsuulf suoz axyoemieln

sslous coo.:m__oxl sd|y snoaied|ed UIBYUON [T

.8___2%:%0
onJigsuu] sy Jo e ),
yed nmc:m_wm%ﬂw .ﬁﬁwe\g\\m\s\\\\\;é\a\\wsw

binqzles

OVNNIIA

wyo0L 0§ 0

vidisnvy

292



Due to its monotonous appearance, the IQP was considered an undifferentiated mass for a long
period. HADITSCH & MOSTLER (1982, 1983) were the first to introduce a serial differentiation
on the base of intercalated lithologies within the quartzphyllites. The most recent studies of
KOLENPRAT et al. (1999) and ROCKENSCHAUB et al. (2003) confirm and complete
HADITSCH & MOSTLER (1982, 1983) serial differentiation. In addition, in the last years,
Permian and Eo-Alpine mica cooling ages from the quartzphyllites and Permian ages of inter-
calated metaporphyroids in the quartzphyllite basement became available (ROCKENSCHAUB
et al., 2003). Zircons, derived from metaporphyroids, yielded U/Pb ages, which were attributed
to a temperature-accentuated Permian event. These ages were also confirmed by Rb/Sr cooling
ages of white micas of the same lithologies (ROCKENSCHAUB et al., 2003). Since the central
part of the western IQP is the only part of the IQP that shows no evidence for an Eo-Alpine re-
juvination so far, this part represents the ideal study area for deducing the Permian P-T conditions.

Lithologies of the central western IQP

The quartzphyllites, occur as low-grade metamorphic pelites and psammites with variable
amounts of quartz and feldspar. Sericite phyllites, chlorite phyllites and mica-bearing quartzites
occur subordinated. Diameters of mostly lens shaped quartz intercalations within the quartz-
phyllites vary from a few cm up to several dm. The mineral assemblage of the quartzphyllites
is represented by muscovite + chlorite + albite-rich feldspar + quartz + biotite. Accessory
minerals are calcite, rutile, ilmenite, tourmaline, zircon and graphite.

To the south of the tectonic contact between the IQP and the Patscherkofel Crystalline Complex,
garnet-micaschists occur. The northern border of this garnet-micaschist is about 200 meters to
the south of the Glungezer and the micaschists extent to the region of the Kreuzspitze in the
South. The total diameter of the garnet micaschists is about 1400 m. These schists are crosscut
by orthogneiss dikes of several tens of meters in the region around the Gamslahner. Also several
intercalations of thin layers of porphyroid-gneisses, greenschists and metacarbonates occur and
thus can be used as stratigraphic marker lithologies. The garnet-micaschists do not occur North
of the Patscherkofel Crystalline Complex, but were also confirmed in the course of a drilling
project during a prospection campaign in the region around the Village of Igls (ROCKEN-
SCHAUB et al.,2003). In the East, the diameter of the garnet-micaschists decreases and towards
the eastern regions it totally disappears, which might be caused by tectonical thinning. The mineral
assemblage of the garnet-micaschist is represented by garnet + muscovite + chlorite + albite-
rich plagioclase + quartz. The accessories are ilmenite, rutile and clinozoisite. The absence of
biotite in these schists is remarkable. Garnets occur as porphyroblasts with diameters of up to
1 cm. The amount of garnets within the micaschist varies locally. The diameter of the garnets
increases from North to South. As an expression of the subsequent retrograde overprint garnet
rims are replaced by chlorite and thus garnet is not considered to be in equilibrium with the
surrounding mineral assemblage and was not used for thermobarometric calculations.

Mineral chemistry

Mineral compositions were measured with the JEOL SUPERPROBE X-8100 electron micro-
probe at the Institute of Mineralogy and Petrography of the University of Innsbruck. Operation
conditions were 15 kV at a sample current of 20 nA, except sheet silicates which were measured
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with a reduced sample current of 10 nA and a rastered beam with a raster size between 2 and
5 pm to prevent loss of alkalies. Natural and synthetical standards were used for calibration.
Mineral formulae calculations were performed with the programs MacAX (HOLLAND, 1999;
written comm.), Norm II (ULMER, 1999; written comm.) and Hyperform96 (BJERG et al., 1992).

Garnet: Garnets mostly occur as porphyroblasts with diameters ranging up to 5 mm. The garnets
show no mineral inclusions indicating a penetrative foliation. All garnets are almandine rich
(Alm 47.g3) with smaller amounts of pyrope- (Prp,_;,), grossular- (Grsg_34) and spessartine-
(Spsp 5.16) components (Tab. 1). X-ray distribution images show a decrease of iron and magne-
sium during continuous mineral growth. In the southernmost part of the garnet-micaschist,
garnets with larger diameters occur. The prograde chemical zoning is based on bell-shaped
element distributions with decreasing amounts of X5, and Xp,,, and increasing Xg, from rim
to core. (Fig. 2).

Sample IQP-P6b IQP-P6b IQP-P6b IQP-P19 IQP-P19 IQP-P19

gal ga5 gal2 Ga57 Ga67 Galll
Si0, 37.25 36.95 36.97 37.42 37.38 37.60
TiO, n.d 0.03 nd 0.15 0.09 0.04
ALO; 2092 21.04 21.16 20.73 20.51 20.73
Cr,04 n.c. 0.19 0.02 n.d. 0.02 n.d
Fe,O; 1.57 1.07 0.91 n.c. n.c. n.c.

FeO 32.62 32.70 34.01 30.24 30.56 32.94
MnO 1.21 1.34 1.19 6.06 6.09 2.92
MgO 1.64 1.43 1.37 0.85 0.91 1.25
CaO 543 5.61 4.75 5.04 4.92 4.52
Na,O 0.11 0.09 0.02 0.02 0.02 nd
K,O 0.10 n.d. 0.12 0.01 0.01 nd
Total 100.85 10045 100.52 100.52 100.51  100.00

Si 2.980 2.970 2.976 3.017 3.019 3.035
Ti nd. 0.002 nd. 0.009 0.005 0.002
Al 1.973 1.994 2.008 1.970 1.953 1.973
Cr n.d. 0.012 0.001 nd. n.d. 0.001
Fe** 0.094 0.065 0.055 n.c. n.c. n.c.
Fe** 2.182 2.198 2.290 2.039 2.064 2.224
Mn 0.082 0.091 0.081 0414 0.417 0.200
Mg 0.196 0.171 0.164 0.102 0.110 0.150
Ca 0.465 0.483 0.410 0.435 0.426 0.391
Na 0.017 0.014 0.003 0.003 0.003 n.d.
K 0.010 n.d. 0.012 0.001 0.001 n.d.
Sum 8.000 8.000 8.000 7.991 8.000 7.976

Calculations on the base of 12 oxygens, n.d.: not detected; n.c.:not calculated
Table 1

Representative garnet analyses
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Fig.2
Plot illustrating the continuous chemical zonation of garnet of a garnet-micaschist of the central part of the western
IQP (sample IQP-P19).

Muscovite: Chemically, the white micas are homogeneous. The Si contents vary from 3.07 to
3.29 a.p.fu. (Tab. 2). The paragonite component varies between 4.8 and 10.9 mol.%. The
margarite component of all muscovites is below 2 mol.%.

Chlorite: Chlorites are closely intergrown with muscovite (Fig. 3). The Fe contents vary between
2.18 and 2.71 a.p.f.u. and Mg contents lie between 1.69 and 2.38 a.p.f.u. The Fe/Fe+Mg ratio
ranges from 0.48 to 0.61 (Tab. 3) and Al, contents range from 2.65 to 2.96 a.p.f.u.. According
to the chemical classification of HEY (1954) the chlorites are rhipidolites.

Feldspars: In the central parts of the western quartzphyllites feldspars show anorthite-bearing
cores (Ang_j, Abgs g3 Ory_4) and nearly pure albite rims (An;_, Abgg g9 Or,).

Thermobarometry

Thermobarometry according to the method of VIDAL & PARRA (2000) of the biotite-absent
garnet mica schist samples of the central western IQP was performed with the program TWQ
v.2.02b (BERMAN, 1988, 1992 written comm.) with the dataset of VIDAL (2002, written
comm.) in the system K,0-MgO-Al,05-Si0,-H,O (KMASH). This method allows calculation
of all possible reactions between the end-members of chlorite (Mg-amesite, clinochlore) and
muscovite (muscovite, celadonite, pyrophyllite) with quartz and H,O in excess. Although internal
consistency with the database of BERMAN (1988, 1992, written comm.) is not strictly given,
this method nonetheless allows to obtain semiquantitative P-T constraints in rocks, where suitable
mineral assemblages are absent. Considering the assemblage muscovitess + chloritess + quartz

+ H,O0, four reactions can be calculated:
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(1) 4 clinochlore + 6 pyrophyllite = 26 quartz + 5 Mg-amesite + 2H,0

(2) 24 celadonite + 6 pyrophyllite = 26 quartz + 4 muscovite + Mg-amesite + 2H,O
3) celadonite + Mg-amesite = clinochlore + muscovite

4) 5 Mg-amesite + 6 pyrophyllite = 26 quartz + 5 muscovite + clinochlore + 2H,O

The BSE image shows the close intergrowth of muscovite and chlorite, which is the requirement for thermobaro-
metric calculations according to the method of VIDAL & PARRA (2000).

The P-T estimates, based upon coexisting muscovite-chlorite pairs, which yield pressures of 4.5
+ 2 kbar at temperatures at 500 + 50°C, are based upon the intersections between reactions (1)
— (4) as shown in Figure 4. Since textural evidence suggests that garnet in this sample is not in
equilibrium with the surrounding assemblage muscovite + chlorite + quartz, this method is the
only tool to obtain P-T estimates of the samples from the central part of the western IQP.

The method of calculation of all possible equilibria between muscovite + chlorite + quartz was
developed by VIDAL & PARRA (2000) and due to the consideration of phase components
involving the vacancy on the A-site of muscovite, namely the pyrophyllite component, application
of this method is not unproblematic. The subdivision of muscovite and chlorite into its end-
members (muscovite, celadonite, pyrophyllite, clinochlore, Mg-amesite) is necessary for
calculations and the application of the appropriate activity models of VIDAL & PARRA (2000).
Loss of alkali elements during microprobe analysis is therefore a possible source of considera-
ble error. To prevent loss of alkali elements, micas were measured with raster sizes of 3 x 3 ym
and 5 x 5 um. In addition, loss of alkalies was investigated by a series of measurements with
varying the counting time, sample current and the raster size.

297



These investigations only considered the elements Na and K. Sample currents varied from 5 nA
to 20 nA. Raster sizes applied were 0.2 ym, 1.5 ym, 2 ym, 3 ym and 6 ym and counting times
ranged from 20 to 60 seconds. These measurements showed that variable combinations of all
these factors resulted in negligible alkaline loss during peak measurement in the first 20 seconds.
Remarkable loss of alkaline elements only occurred after 60 seconds with sample currents of 10
nA and 20 nA.

Since calculation of the hypothetical pyrophyllite component is directly related to the measured
value of the vacancy of the A-site, the pyrophyllite activity strongly depends on this value.
Calculations of the intersections among the reactions (1) - (4) as shown in Figure 4, yield high
uncertainties in P due to small variations in the extent of the A-site vacancy. The calculations
have shown that high vacancies on A-site and consequently higher pyrophyllite components
yielded higher P. Low contents of the pyrophyllite component yielded shifts to lower P.
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Fig. 4
P-T estimates of sample IQP-P4 of the garnet-micaschist from the central part of the western IQP calculated with

the program TWQ v.2.02 using the data set of VIDAL (2002, written comm.) with the assemblage muscovite + chlo-

rite + plagioclase + quartz.
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Discussion

Although the western IQP shows petrographical and thermobarometric evidence for a polymeta-
morphic evolution (PIBER, 2005), geochronological data from the central part of the western
IQP indicate a pervasive Permian metamorphic overprint. Zircons, derived from metaporphy-
roids, which crosscut the western central parts of the IQP yield U/Pb ages which can be inter-
preted as a T-accentuated Permian event. These ages were also confirmed by Rb/Sr ages of white
micas of the IQP (ROCKENSCHAUB et al., 2003). Significant Eo-Alpine re-juvination only
occurred in slivers of IQP underneath the Patscherkofel Crystalline Complex (PIBER, 2005).
This is in agreement with data from the eastern IQP, where geochronological data also point to
a Permian metamorphic event but also a more pervasive Eo-Alpine re-juvination (FUGEN-
SCHUH, 1995; HANDLER et al.,2000; ANGELMAIER et al.,2000). In contrast to the western
IQP, microstructural evidence and the low-T nature of the metamorphic overprint, it is thought
that the P-T data of metapelites and the greenschists from the eastern IQP thus correspond to the
Eo-Alpine metamorphic overprint (PIBER, 2005; PIBER & TROPPER, 2002, 2007).
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