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Abstract
The investigated area in the Oswaldgraben contains a sequence of metamorphic rocks of garnetmicaschists, amphibolites, paragneisses and marbles. It is located in the Gleinalm area directly
at the transition to the Graz Paleozoic. The study shows that this sequence is of Eoalpine
monometamorphic character and can be explained as the eastern continuation of the monometamorphic units of the Radenthein Complex. This is based on a detailed petrographic and electron
microprobe study of mineral phases identified in the different rock types. Metapelitic garnets
have a composition in the range of Alm57-74 Prp6-14 Grs9-21 Sps1-4 and garnets from metabasites
(garnet-amphibolites) range around Alm60-73 Prp12-23 Grs5-20 Sps1-4. Amphiboles in the garnetamphibolites are calcic-amphiboles and correspond mainly to tschermakitic hornblendes and
tschermakites. Analyzed feldspars (in garnet-micaschists, garnet-amphibolites) have a
composition ranging from oligoclase (An11-29) - andesine (An31-36) to minor albite (An10), with
an exception of the feldspars in the marbles that are mainly orthoclase. Biotites can be classified
as phlogopite, meroxene and lepidomelane. Garnet-biotite-thermometry and garnet-amphiboleplagioclase-barometry on garnet-amphibolites results in pressure- and temperature conditions
of around 10 kbar and 660°C.

Geological Overview
The evolution of the Eoalpine orogen (i.e. Cretaceous orogeny) started with the still ongoing
convergence between the African and European plates in the Upper Jurassic about 150 Ma ago.
Due to the convergent movements parts of the rocks of the Eastern Alps experienced a high P/T
gradient (”Eo-Alpine High Pressure Belt”, THÖNI 1981; Fig. 1). Remaining units are considered
as upper plate units (e.g. Ötztal-Bundschuh Nappe System and Paleozoic nappe systems; Fig.
1), which have been overthrusted by the highest nappe units, the Northern Calcareous Alps (Upper
Austroalpine). Today the whole units of the Eastern Alps are dominated by eastward extrusion
accompanied by the formation of large-scale shear zones and extensional normal faults.
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Fig .1
Geological map showing the tectonic units of the Eastern Alps with the project area indicated as rectangle.

The geology of Styria consists of the Upper Austroalpine including the Paleozoic Grauwackenzone, the Upper Austroalpine basement nappes and parts of the Lower Austroalpine
nappes (for detailed information see SCHMID et al. 2004).
The study area in the “Oswaldgraben” is located near the transition between the Graz Paleozoic
as part of the Drauzug-Gurktal nappe system in the south and the Koralpe-Wölz nappe system
as part of the “Eo-Alpine High Pressure Belt”. Beside the Eoalpine event the lithologies of the
Koralpe-Wölz nappe system are characterized by a polymetamorphic evolution showing remnants
of two Prealpine events (Variscan and Permian) which are mainly preserved in garnets of
metapelites as relicts. However, metapelites exist which have experienced only one
metamorphism, the so-called “monometamorphic units”, which can probably be considered as
the eastern continuation of the Radenthein Complex (Fig. 1). In this study, representative samples
were collected for detailed petrographic and petrological study in order to find out if the rocks
from this region belong to a polymetamorphic unit (i.e. Rappold Complex) or to a probable eastern
continuation of the monometamorphic units (Fig. 2).
The Rappold Complex and the monometamorphic units differ in their metamorphic imprint,
which is mainly reflected by mineral assemblages of garnet-micaschists containing poly- and
monometamorphic garnet generations, respectively.
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Fig. 2
Tectonic map of the Austroalpine units in the Gleinalpe, Koralpe and Saualpe area (HOINKES et al., 2010).

Hence, garnets belonging to the Rappold Complex should reflect a major element zonation
which shows a clear “jump” in their Ca-content whereas garnets belonging to the monometamorphic units are characterized by a continuous zonation pattern. The Rappold Complex itself
is dominated by paragneisses, micaschists and minor amphibolites.

Petrography of lithologies in the Oswaldgraben
Garnet-micaschist
The mineral assemblages of the micaschists are very similar and differ basically in the modal
abundance of the different phases documented in the samples. This leads to the following
nomenclature: garnet-micaschist, graphite-bearing biotite-garnet-micaschist and garnet-hornblende-micaschist. In general, these rocks contain quartz, plagioclase, large garnet grains several
mm in-size, biotite, chlorite, muscovite, clinozoisite, epidote and accessories. The garnet grains
are mostly coated with graphite at the rims leading to a slight optical zoning of garnets. Garnets
contain inclusions of quartz, plagioclase, elongated clinozoisite, epidote, zircon, tourmaline and
opaque phases. All these phases can also occur in cracks in garnet.

Fig. 3(a-d)
Photomicrographs of garnet-micaschists (a) Sample RO1 with Grt, Chl and Bt (b) sample RO1 with crossed nicols
(c) sample RO4 with Bt, Chl and Czo, showing the frequent concentration of needle-like clinozoisites as small
agglomerations distributed over the entire matrix (d) sample RO4 with crossed nicols.
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In some micaschists garnet grains are retrogressed and replaced by chlorite, biotite and plagioclase at the rim (Figs. 3a and b). Additionally rims can be overgrown by opaque phases or amphiboles of a short-prismatic habitus. Amphiboles are ferro-tschermakites and contain several
inclusions of zoisite, epidote, chlorite, rutile and zircon. Biotite is also partly replaced by chlorite (Figs. 3a and b) and encloses minerals like zircon and opaque phases. Chlorite shows a partly radial growth with varying grain size and sometimes anomalous blue interference colors between crossed polarizers. Accumulations of different matrix minerals like clinozoisite and epidote without any preferred orientation are observed (Figs. 3c and d). The clinozoisites, however, develop fine-grained needle-like variably oriented crystals, which can form accumulations,
but also spread throughout the whole sample. Quartz- and plagioclase layers crosscut by elongated clinozoisite grains and sericitic alterations of plagioclase are also present. Quartz shows
a partly undulous extinction as well as a “core-mantle-texture”, caused by the growth of new
recrystallized grains around larger former quartz cores.
Garnet-amphibolite
The metabasites mainly consist of mm-sized amphiboles and garnet besides chlorite, biotite,
epidote, quartz, plagioclase and sericite. Accessories are tourmaline, apatite and opaque phases.
Garnet is partly fragmented and contains inclusions of quartz, plagioclase, chlorite, epidote and
opaque phases.

Fig. 4 (a-d)
Photomicrographs of garnet amphibolites (a) sample RO17 with Amph, Grt and Chl (b) sample RO17 with crossed
nicols (c) sample RO12 with Grt, Chl, Tur and Rt, showing the large turmalines (d) sample RO12 with crossed nicols.
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These inclusions can be very fine- to coarse-grained. Garnet can be replaced at the rim by biotite
and chlorite. Chlorite occurs in the matrix, grows partly in garnet cracks or replaces the primary
biotite. The shape of the amphiboles is almost acicular and locally short-prismatic (Figs. 4a and
b). Smaller, differently orientated amphiboles grow at the grain boundaries of some large
amphiboles. Sericitic alteration is observed in plagioclase enclosed in amphibole. Amphibole
rims are often replaced by radial growing chlorite. Large, zoned and inclusion-rich tourmalines
(Figs. 4c and d) with grain size in mm range overgrow garnets or occur together with amphiboles.
They contain inclusions of plagioclase, quartz, epidote and numerous opaque phases, like rutile,
ilmenite and pyrite.
Paragneisses
The studied gneisses show a major variation in the modal abundance of their minerals, grain size
and deformation mechanisms. Hence the following different types of gneisses have been identified
and investigated:

Fig. 5 (a-d)
Photomicrographs of different paragneisses (a) sample RO5 with Grt, Bt, sericite and Qtz (b) sample RO5 with
crossed nicols (c) sample RO6 with Amph, Bt and Cc (d) sample RO6 with crossed nicols.

1. Garnet-biotite-plagioclase-gneiss: mainly consist of garnet, quartz, plagioclase, biotite,
muscovite, clinozoisite, epidote and accessory opaque phases. The garnets are fragmented, full
of cracks and contain inclusions of biotite, quartz, occasionally epidote and opaque phases.
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Garnets typically occur as mm-sized crystals associated with large biotite grains (Figs. 5a and
b). Plagioclase appears sericitic. Sometimes accumulations of small, elongated clinozoisites with
anomalous blue interference colors, overgrowing the matrix minerals, occur.
2. Hornblende-garnet-biotite-plagioclase gneiss: contains porphyroblasts of hornblende, garnet,
and accessories of rutile and ilmenite in a fine-grained matrix of quartz, plagioclase, biotite, zoisite
and carbonate (Figs. 5c and d).
3. Biotite-plagioclase gneiss with the paragenesis plagioclase + quartz + biotite + muscovite +
chlorite + carbonate + zoisite + epidote + accessories is strongly deformed but without any
preferred orientation of the mineral phases. Accumulations of zoisite, quartz, carbonate and
epidote can be found in the whole sample. Fine-grained biotite- and muscovite needles are partly
overgrowing the carbonate minerals.
Marble
Marble consists of calcite and occasionally phlogopite platelets. Feldspar occurs rarely. Opaque
phases like graphite, pyrite, coated by oxides, pyrrhotite and chalcopyrite occur as accessory
phases with different grain sizes.

Fig. 6 (a-d)
Photomicrographs using reflected light microscopy (a) sample RO1 with Ilm in Grt (b) sample RO6 with Ilm-Rtsegragtions (c) sample RO4 with Ilm-Rt-segreagtion and Py (d) sample RO1 with paragenesis of oxides and
sulfides.
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Opaque phases
Rutile, ilmenite and segregations of these two mineral phases occur in the matrix, and also overgrow amphiboles, garnets and other matrix minerals (Fig. 6a and b). In addition magnetite, pyrite,
pyrrhotite and chalcopyrite are also documented. Assemblages of ilmenite, magnetite and
pyrrhotite are common, as well as oxides rimming pyrrhotite grains (Fig. 6c and d). Small
graphite grains with brownish color and undulous extinction are found in all the investigated
samples, mainly in marbles.

Mineral chemistry
Garnet
In general all garnets are relatively almandine-rich and have composition Alm57-74 Prp6-14
Grs9-21 Sps1-4 (Tab. 1). Garnets from metabasites (garnet-amphibolites) have composition
Alm60-73 Prp12-23 Grs5-20 Sps1-4.

Table 1
Representative electron microprobe analyses of garnet in metapelites and metabasites.
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Fig. 7 (a-c)
garnet profiles (a) sample RO1 (b) sample RO10 (c) sample RO4.

Major element zoning shows a general trend in composition where Mg and Fe increase and Ca
and Mn decrease towards the rims (Fig. 7).
Sample RO1 contains inclusion-free garnets and sample RO10 inclusion-rich garnets (Fig. 7a
and b). Garnet grains show a bell-shaped curve for XSps in the core (Fig. 7a and b). Both types
of garnets reflect a continuous zonation and suggest a prograde character with a slight decrease
in pressure. In sample RO4 the XSps has lower values in the core and becomes higher towards
the rim and finally decreases at the outer rim (Fig. 7c). This trend can be correlated with the
inclusion patterns in the studied garnet, where the rim shows a clear internal foliation contrasting to the core.

Amphibole
Amphiboles in the garnet-amphibolites are calcic-amphiboles (Tab. 2) and correspond mainly
to tschermakitic hornblendes and tschermakites with XMg = 0.52 - 0.681, (Na+K)A = 0.34 - 0.48
and (Ca+Na)B = 1.76 - 1.89. CaB lies between 1.41 and 1.62 and NaB between 0.23 and 0.42.
Al(IV) varies in tschermaktic hornblendes between 1.632 and 1.75 and in tschermakites between
1.751 and 1.875 (Figs. 8a and b). Depending on their coexisting minerals, amphiboles show a
different cation distribution. Amphiboles coexisting with garnet (almandine) are Fe-rich at the
rims. Amphiboles coexisting with feldspar (albite) show a decrease in Ca and Al, and an increase
in Na. Except sample RO1 (ferro-tschermakites), all measured amphiboles can be described as
tschermakitic hornblendes or tschermakites.
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Table 2
Representative electron microprobe analyses of amphibole and biotite in metapelites and metabasites.

Fig. 8a
Si vs. NaB plot for amphiboles after
LEAKE et al. (1997)

Fig. 8b
Al(IV) - Mg/(Mg+Fe2+) diagram for calcicamphiboles after LEAKE et al. (1997).
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Biotite
Based on Mg – (Fe2+ + Mn) – R3+ (R3+ = Al(VI) + Ti4+ + Cr3+) the biotites can be classified as
phlogopite (in marble), meroxene
and lepidomelane (in garnet-micaschists and garnet-amphibolites; Fig.
10). Analyzed biotites show FeO
contents ranging between 16 and 20
wt. % and MgO contents between 9
and 13 wt. % (Tab. 2). Al2O3 has
average value of 18 wt. %.

Fig. 10
Classification of measured biotites based on
the plot Mg – (Fe2+ + Mn) – R3+ (R3+ = AlIV
+ Ti4+ + Cr3+).

Feldspar
All analyzed feldspars (in garnet-micaschists, garnet-amphibolites) have a composition ranging
from oligoclase (An11-29) - andesine (An31-36) to minor albite (An10). Feldspars in marbles are
mainly orthoclase in character (Tab. 3 and Fig. 9).

Fig. 9
Projection of feldspar chemical data into the
ternary Or-Ab-An-system.

Table 3
Representative electron microprobe analyses of
plagioclase.
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Chlorite
The FeO content in chlorites varies between 17 and 32 wt. %, the MnO contents however range
between 0.05 and 0.18 wt. %. Chlorites, coexisting with garnets have FeO-values between 26
and 32 wt. %. The MgO-values range between 12 and 15 wt. %, which may be explained by the
Fe-Mg-exchange between garnet and chlorite. The FeO-values of chlorites coexisting with micas
and feldspars range between 21 and 24 wt. %; the MgO-content ranges between 16 and 18 wt.
% and the Al2O3-content lies between 22 and 24 wt. %. Chlorite crystals adjacent to amphiboles
display significantly lower FeO-values compared to other minerals which are in contact with
chlorite. FeO content reaches 17 wt. % and their MgO-contents between 20 and 22 wt. %.
Epidote and clinozoisite
Analyzed epidotes have a CaO composition reaching 23 wt. % and Al2O3 values between 25
and 27 wt. % (Fig. 11 and Tab.
4). The Fe2O3 content lies
between 8 and 10.5 wt. % and
shows clearly higher values
compared to clinozoisites
which reach up to 6 wt. %.
Clinozoisites in contrast have
CaO compositions ranging
between 22 and 25 wt. % and
Al2O3 values between 29 and
32 wt. %. The pistacite component is ranging between 5
and 21 mol%.

Table 3
Representative electron microprobe analyses of
epidote-group minerals.

Fig. 11
Al vs. Fe3+ diagram for epidote-group minerals.
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Geothermobarometry
The garnet-amphibole-plagioclase-barometer (after DALE et al., 2000) was applied for pressure
calculations. Garnet-biotite- and garnet-chlorite-thermometry were used for temperature
calculation according to the calibrations of HOLDAWAY (2000) and PERCHUK (1991),
respectively. Based on garnet-biotite-thermometry, garnet-amphibolites (samples RO10, RO12
and RO17) give the following pressure-temperature conditions: Sample RO10 yields pressures
between 10.5 to 11.2 kbar and temperatures in the range of 690 - 710° (Fig. 12a). GarnetChlorite-thermometry was used for sample RO12 and results in T 610 - 640°C. Pressure
conditions range around 6.8 - 9.8 kbar (Fig. 12b). For sample RO17 garnet-biotite-thermometry
and garnet-chlorite-thermometry give temperatures between 650 - 680°C and 610 - 640°C,
respectively. Pressure conditions are around 5.8 - 9.8 kbar (Fig. 12c).

Fig. 12 (a-c)
(a) Garnet-biotite-thermometry (HOLDAWAY, 2000) and garnet-amphibole-plagioclase-barometry (DALE et al.,
2000) for sample RO10 (b) Garnet-chlorite-thermometry (PERCHUK, 1991) and garnet-amphibole-plagioclasebarometry (DALE et al., 2000) for sample RO12 (c) Garnet-biotite- (HOLDAWAY, 2000) and garnet-chloritethermometry (PERCHUK, 1991) and garnet-amphibole-plagioclase-barometry (DALE et al., 2000) for sample
RO17.

Conclusion
This study which deals with a lithological sequence of metamorphic rocks (garnet-micaschist,
garnet-amphibolite and marble) in the Oswaldgraben shows that directly at the transition to the
Graz Paleozoic a unit consisting of lithologies with monometamorphic character is exposed.
Compared to the monometamorphic units further west, i.e. the Radenthein Complex, an eastern
continuation of Eoalpine monometamorphic rocks in the Gleinalm area can be expected that needs
further investigations about its regional extent. The analyzed garnets show a chemical zonation
that is comparable to the garnets with monometamorphic character further west (SCHUSTER
& FRANK, 1999; SCHUSTER et al. 2004), which can be described as continuous growth during
one single metamorphic event. Almandine is the dominant garnet endmember. Amphiboles are
calcic-amphiboles that correspond mainly to tschermakitic hornblendes, tschermakites and ferrotschermakites. P-T estimates are comparable to conditions from monometamorphic sequences
of the Eoalpine high-pressure wedge further west (HOINKES et al. 1999) and support its
existence in the southern Gleinalm area.
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