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Abstract 

Alternating eclogitic amphibolites, mica schists and orthogneisses in the Schobergruppe to the south of 
the Tauern Window suffered a post-Upper-Ordovician progressive deformation D1-D2 which 
produced parallel planar-linear structures in all the rocks. Zoned garnets, preferentially oriented 
zoned clinopyroxenes (Jd 35-42%) and albite (An 7-9%) give evidence of high-pressure metamor- 
phism (550~50 ~ 14-16 kbar) of the metabasites. Ca-amphiboles crystallized during subsequent 
decompression. In a kyanite-staurolite-garnet mica schist 300 metres below the metabasites, garnet- 
bearing assemblages grew synchronous with the development of foliations S1 and $2. Garnets are zoned 
with increasing XMg and decreasing-increasing-rcdecreasing Xca from cores to rims. Albitic 
plagioclase (An 1-3%) and micas are enclosed in garnet cores and rims, are in contact with garnet, and 
occur with garnet in microlithons. When these minerals are used for geothermobarometry, a prograde 
P - T  evolution (460 to 680 ~ with coeval pressure variations which reach high-pressure conditions can 
be estimated. This suggests that garnet-plagioclase geobarometry with albitic plagioclase works in the 
relevant P-Tfield. Similar garnet zonation trends and a similarly shaped P-:Tpath from mica schists of 
an adjacent region with late-Variscan cooling ages, points to an eady-Variscan age of the syn-D1-D2 
high-pressure and subsequent amphibolite-facies metamorphism. 

KEVWORDS: mineral chemistry, garnet-plagioclase barometry, P-T-t-deformation paths, Variscan, 
Austroalpine basement. 

Introduction 

PRESSURE--TEMPERATURE--TIME (P-T-t )  his- 
tories of eclogites in the Austroalpine basement 
of the Eastern Alps have been the subject of 
recent research. There is clear evidence of high- 
pressure metamorphism of eclogites from the 
type localities Saualpe and Koralpe (Manby and 
Thiedig, 1988; Miller, 1990), of clinopyroxene- 
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garnet amphibolites in the Polinik unit of the 
Kreuzeckgruppe (Hoke, 1990), of eclogites in the 
Silvretta (Maggetti and Galetti, 1988), and of 
eclogites of the Otztal crystalline (Hoinkes et al., 
1982; 1991; Mogessi and Purtscheller, 1986). All 
these Austroalpine eclogites are surrounded and 
interlayered by paragneisses and mica schists 
which display amphibolite-facies assemblages of 
well-established Variscan and/or early-Alpine 
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overprinting. Thus, a pre-Variscan, especially a 
Panafrican and/or 'Caledonian'  age of the preced- 
ing high-pressure event is thought possible (e.g. 
Becker et al.,  1987; Ebner et al., 1987) for the 
parts of the basement where early-Alpine rework- 
ing is lacking. The present paper describes the 
metamorphism of metabasites and adjacent kya- 
nite-staurolite-garnet mica schists of the Prijakt 
area, Schobergruppe, in Eastern Tyrol, Austria. 
A close relationship between microstructures of 
early progressive deformation and mineral-  
chemical evolution allows reconstruction of syn- 
deformational P - T  paths. Garnet-plagioclase 
geobarometry with garnet and coexisting albitic 
plagioclase in mica schists, and pressure estimates 
from the eclogitic amphibolites yield similar 
results. This gives evidence of a common post -  
Upper-Ordovician high-pressure metamorphism 
of both rock types. 

Regional geological setting 

Several pre-Alpine lithological associations of 
metamorphic rocks can be distinguished in the 
Austroalpine basement between the Tauern 
Window and the Periadriatic Lineament (Fig. 
la ,  b). A metapsammopelitic unit (MPU) which 
contains the eclogitic amphibolites at its base, 
overlies a metapsammopeli te-amphiboli te-mar- 
ble unit (AMU) exposed to the north. Ortho- 
gneisses with Upper-Ordovician Rb-Sr  whole 
rock isochrons (Borsi et al.,  1973; Troll et al., 
1976; Hammerschmidt, 1981) and U-Pb  zircon 
ages (Cliff, 1980), interpreted as dating the 
intrusion of the granitoids, are found in both 
'Altkristallin'  units. An increasing early-Alpine 
reworking of the basement to the north is obvious 
from Vafiscan-Alpine 'mixing ages', and from 
Rb-Sr  and K - A r  cooling ages (70-90 Ma, 
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FIG. 1.(a) Geological setting and regional geology in the Eastern Alps. (b) Pre-Alpine units to the south of the 
Tauern Window. The arrow points to the sampled area in the Schobergruppe. The location of the study by Schulz 
(1990) in the southern Defereggen Alps is marked by (1). (c) Structural geology, profile and sampling sites in the 
Schobergruppe. ABC Austroalpine basement complex; AMU amphibolite-marble unit; DAV Defereggen- 
Antholz-Vals-Line (late-Alpine); ecl eclogitic amphibolites in the Schobergruppe area; GZ Grauwackenzone; 
MPU meta-psammopelitic unit; NCA Northern Calcareous Alps; ogn orthogneisses; P Penninic unit (Tauern 

Window); PL Periadriatic Lineament; SA Southern Alps; TC Thurntaler complex. 
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Oxburgh et al., 1966; Brewer, 1969; Troll, 1978) 
in the northern part of the MPU and in the AMU 
(Behrmann, 1990). 

In the Prijakt area, Schobergruppe (Fig. lc), 
two large bodies of a 700 m thick metabasite 
sequence occur in the basal part of the MPU and 
belong to the 'Hangendkomplex' referred to by 
Clar (1927) and Troll and HOlzl (1974). Strongly 
foliated orthogneisses partly exceeding 10 m 
thickness, paragneisses and mica schists concor- 
dantly overlie, underlie and are intercalated with 
the metabasites. The metabasites are MORB 
tholeiites, the flat R E E  patterns are slightly 
enriched in L R E E ,  and CeN/YbN ranges from 1.4 
to 3.2 (Schulz et al., 1993). Lithological changes 
with heterogeneously banded cm- to dm-thick 
layers of eclogitic amphibolites, garnet amphibo- 
lites and amphibolites define a planar structural 
element ('foliation') which is parallel to the gently 
SE dipping foliation ($2) of the host rocks. A 
linear fabric by preferentially oriented amphi- 
bole, clinopyroxene and zoisite in metabasites, 
linear-planar fabrics with elongated quartz-feld- 
spar aggregates, asymmetric augen structures and 
a flattened S-C geometry in orthogneisses, 
mineral lineation and foliation in paragneisses, 
and planar-linear fabrics in mica schists with 
successive foliations and crenulation lineation are 
parallel in all the rocks and were produced by an 
early progressive deformation D1-D z. A presu- 
mably early generation of open to tight folds (B2 
of Troll et al., 1976, 1980) shows fold hinge lines 
parallel to the SE-plunging lineation. Later folds 
with NE-SW striking hinge lines deform the 
lineation and are minor structures of kilometre- 
scale syn- and antiforms (deformation D i of 
Behrmann, 1990) with gently dipping axial planes 
(Fig. lc). 

No hints to an 'exotic' origin of the metabasites 
can be derived from their geochemical signatures 
and the rocks probably represent former basic 
intrusions into an old continental crust. Further- 
more, orthogneiss layers which can be derived 
from former Upper-Ordovician granitoid intru- 
sions (Troll et al., 1976), occur in a similar manner 
within metabasites and host rocks and confirm a 
common history of the sequence since early- 
Palaeozoic times. A common deformation of the 
rocks is obvious from the parallel planar and 
linear structures. However, despite their common 
lithotectonic history, an apparently different 
metamorphism is displayed by eclogitic amphibo- 
lites with high-pressure garnet-clinopyroxene 
assemblages (Richter, 1973; Troll et al., 1976) and 
mica schists bearing amphibolite-facies assemb- 
lages which partly formed after the early main 
deformation (Troll et al., 1976; Behrmann, 1990). 

Mineral chemistry in an eclogitic amphibolite 
(sample 1) 

The metabasites are composed of individual 
layers with varying grain sizes and modes of 
amphibole, garnet, zoisite, epidote and clinopyr- 
oxene (Troll and H61zl, 1974; Troll et al., 1976). 
A coarse-grained eclogitic amphibolite (sample 1 
from the lower body, see Fig. lc) shows textural 
evidence of an eclogitic assemblage of garnet + 
clinopyroxene + plagioclase + quartz + rntile 
(Fig. 2a) and a subsequent assemblage of Ca- 
amphibole + zoisite + plagioclase + quartz + 
futile (Fig. 2b, c). Idiomorphic and round garnets 
enclose quartz, rutile and epidote in their cores; 
plagioclase and quartz were found in the rims. A 
zonation of the porphyroblasts with Alm 53-52%, 
Prp 15-23%, Grs 27-22% and Sps 3-1% from 
cores to rims (Fig. 2e) suggests a metamorphism 
slightly prograde in temperature. Many clinopyr- 
oxenes are oriented with their long axes parallel 
to the lineation, but some crystals are oblique to 
this direction (Fig. 2a-c) .  Some clinopyroxenes 
are rimmed by fine-grained symplectites and 
rarely show breakdown to amphibole and plagio- 
clase (Fig. 2c). Jadeite (Jd) contents of the 
unchanged omphacites range from 38 to 42 mole 
%. Analyses from cores yielded Jd 35%, implying 
slightly increasing jadeite contents towards the 
rims (Fig. 2d). Plagioclase is found enclosed by 
garnet rims (Fig. 2a) and as small interstitial 
xenoblasts together with quartz in the matrix 
between garnets, clinopyroxenes, amphiboles 
and zoisites. Other plagioclases seem to be 
products of a clinopyroxene breakdown reaction 
(Fig. 2c). Anorthite contents vary slightly from 7 
to 9 mole % without relation to the microstruc- 
rural position of the xenoblasts. Epidotes 
enclosed in garnet cores have lower A1 (4.33, 
always per formula unit, p.f.u.) and higher Fe 
(2.11) contents than homogenous long prismatic 
preferentially oriented zoisites and clinozoisites 
(A1 5.2, Fe 0.9) in the anisotropic matrix (Table 
lb, c). Paragonite (Na 1.6; Mg 0.035; Fe 0.05; Si 
6.0) with (001)-planes parallel to the lithological 
layering displays marginal conversion to biotite. 

Thin stripes of green amphiboles with XMg 0.55 
rim some idiomorphic garnets and seem to be 
products of a garnet-consuming reaction (Fig. 
2a). Abundant large optically zoned long-pris- 
matic porphyroblasts (XMg 0.65-0.75) with pale- 
green cores and green rims form the mineral 
lineation (Fig. 2b). Cationic formulae and Fe 3+ 
contents of amphiboles were calculated according 
to Leake (1978) and Papike (1974). They are 
pargasites, hastingsites and ferri-pargasitic 
hornblendes which show an evolutionary trend 
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FIG. 2. Microstructures and mineral chemistry in an eclogitic amphibolite (sample 1). Sections parallel to the 
mineral lineation. Numbers refer to analyses in Table 1 and Fig. 6b. (a) Garnet (Grt, see Fig. 2e for zonation profile) 
is in contact with preferentially oriented clinopyroxene (Cpx), and is partly rimmed by green amphibole (Am). 
Garnet encloses albite (Ab). Garnet, clinopyroxene and albite belong to an eclogitic assemblage. (b) Optically 
zoned amphibole forms mineral lineation (+ X) and encloses garnet. (c) Fine-grained symplectites (Sym) rimming 
clinopyroxene, and green amphibole with albite from clinopyroxene breakdown belong to a post-eclogitic 
assemblage. (d) Compositions of clinopyroxenes in the omphacite field. (e) Zonation profile A-A'  of the garnet in 
Fig. 2a in almandine (Alm), grossular (Grs), pyrope (Prp), and spessartine (Sps) contents. (1) Compositions of 

amphiboles in A1TM versus (Na + K)A diagram. (g) Compositions of amphiboles in A1 vl versus AlIVdiagram. 

from high to low (Na + K)A (1.0 to 0.6) and AI TM 

(2.4 to 1.2) values at slightly variable A1 vL (1.0) 
contents (Fig. 2f, g). The amphiboles rimming 
garnet seem to have grown earlier than the 
porphyroblasts. 

P - T  estimates from eclogitic amphibolite 
(sample 1) 

Temperature limits are obtained from Fe 2+- 
Mg exchange garnet-clinopyroxene geother- 
mometers. Application of calibrations by Raheim 
and Green (1974). Ellis and Green (1979) and 
Krogh (1988) to immediate contact pairs and r im-  
rim pairs of garnets and clinopyroxenes gives 
temperatures between 600 and 650 ~ at assumed 
fixed pressures (Fig. 6b). Similar calculations with 

garnet and clinopyroxene cores of adjacent por- 
phyroblasts (Fig. 2a) yields lower temperatures 
from 550 to 600 ~ Pressures were estimated by 
using the albite-jadeite-quartz geobarometers of 
Holland (1983) and Gasparik and Lindsley 
(1980). Jadeite contents of 35 mole % in clinopyr- 
oxene cores and up to 42 mole % in the rims lead 
to pressures around 14 and 15 kbar at 550-650 ~ 
Pressure estimates from the clinopyroxene- 
garnet-plagioclase geobarometer of Perkins and 
Newton (1981), applied to the garnet--clinopyrox- 
ene pairs described above and in equilibrium with 
matrix plagioclase, are 14 kbar at 550-600 ~ and 
16 kbar at 600-650 ~ The P - T  fields enclosed by 
minimal and maximal results from all applied 
calibrations (Fig. 6b), display increasing tempera- 
tures from 550 to 650 ~ and moderately increas- 
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TABLE 1. (a)-(c) Microprobe analyses from eclogitic amphibolite (sample 1), selected from 65 analyses. Numbers of 
oxygens: garnet 24; plagioclase 8; clinopyroxene 6; epidote 26; amphibole 23; zoisite 26. 

a) ~ g a r n e t  r p l a g i o c l a s e  

1 2 5 9 59 

Si O  2 3 8 ] 4 4  3 8 . 3 8  3 8 . 7 2  3 8 . 8 2  

1 i 0 2  .05  .20  .02  .00  

A I 2 0 3  2 1 . 7 0  2 1 . 7 1  2 1 . 9 3  2 2 . 1 5  

FeO 2 4 . 5 8  2 4 . 7 8  2 5 . 4 0  2 4 . 4 1  

MnO 1 . 2 7  1 . 4 4  .55  .63  

MgO 4 . 1 5  3 . 9 3  5 . 2 0  5 . 1 8  

CaO 10.41 1 0 . 1 5  8.82 8.47 

to t  1 0 0 . 6 0  1 0 0 . 5 9  1 0 0 . 6 4  9 9 . 6 6  

S i  5 . 9 7  5 . 9 6  5 . 9 8  6 . 0 9  

T i  .006  .02  .002  .00 

A1 3 . 9 7  3 . 9 7  3 . 9 9  4 . 0 5  

Fe 2+ 3 . 1 9  3 . 2 2  3 . 2 8  3 . 1 6  

Mn .16  .18  .07  .08 

M9 . 9 6  . 9 1  1 . 1 9  1 . 1 9  

Ca 1 . 7 9  1 . 6 9  1 . 4 6  1 . 4 1  

tot 1 5 . 9 8  1 5 . 9 5  1 5 . 9 7  1 5 . 9 2  

XM9. .23  .22  .26  .27 

A l m  52 53 54 54 

Prp 15 15 19 20 

Sps 2 3 1 1 

6rs 28 27 24 24 

SiO 2 6 6 . 0 2  

CaO 1 . 9 2  

A1203 2 1 . 1 6  

Na20 1 1 . 0 7  

K20 .07  

tot 1 0 0 . 2 4  

S~ 2 . 8 9  

Ca . 0 8  

A I  1 . 0 9  

Na .94  

K .003 

tot 5.01 

An 8.7 

( b )  ~ c , i . o p ,  r ep,0ote 
11 27 12 10 42 

SiO 2 

AI2O 3 

FeO T 

MgO 

CaO 

Na20 

t o t  

S i  

A1 

Fe 2§ 

Fe 3+ 

Mg 

Ca 

Na 

t o t  

Jd 

5 4 . 3 7  5 5 . 3 8  5 5 . 9 3  5 6 . 2 7  

9 . 2 7  9 . 7 0  1 0 . 7 8  1 0 . 9 7  

6 . 0 9  6 . 1 6  5 . 4 8  5 . 4 1  

8 . 5 9  8 . 5 1  8 . 0 9  8 . 0 1  

1 4 . 4 7  1 4 . 4 2  1 3 . 2 9  1 3 . 1 2  

5 . 9 6  6 . 2 5  7 . 1 4  7 . 0 5  

9 8 . 7 5  1 0 0 . 4 2  1 0 0 . 7 1  1 0 0 . 8 3  

SiO 2 3 5 . 9 6  

A I 2 0 3  2 1 . 6 7  

FeO 1 4 . 8 9  

MgO .73  

CaD 2 1 . 8 0  

Na2O . 0 2  

t o t  9 5 . 0 7  

6 . 0 9  

4 . 3 3  

2 . 1 1  

. 1 8  

3 . 9 6  

.OO 

1 6 . 6 7  

1 . 9 8  1 . 9 7  

. 3 9  . 4 1  

. 1 0 9  . 1 0 8  

. 0 7 6  . 0 7 5  

. 4 6  .45 

. 5 6  . 5 5  

.41 .43 

3 . 9 8  3 . 9 9  

34 35 

1.98 1,98 S l  

.45  .45  A1 

.072  .104 Fe 2+ 

.089  .055 Fe 3 .  

.42 .42 M 9 

.50 .49  Ca 

.48  .48  Na 

3 . 9 9  3 . 9 7  t o t  

39 42 

C )  amphibole zoisite 

41 22 51 60 28 

SiO 2 3 9 . 0 2  4 4 . 6 3  4 2 . 3 4  4 7 . 6 6  

TiO 2 .32  .40  .49  .29  

A I 2 0 3  1 9 . 2 7  1 2 . 5 2  1 5 . 9 1  1 1 . 3 7  

FeO 1 5 . 2 4  1 4 . 6 9  1 1 . 7 1  9 . 7 1  

MnO .16 .12 .11 .00 

M90 8.28 11.34 10.79 14.21 

CaO 9.67 9.70 8.63 9.82 

Na20 4 . 4 2  3 , 8 0  4 , 8 5  3 . 6 7  

K20 . 28  .51  .49  .31  

t o t  9 6 . 6 6  9 7 . 7 1  9 4 . 7 2  9 7 . 0 4  

S i  5 . 8 2  6 . 5 2  6 . 3 5  6 . 8 4  

A1 TM 2 . 1 7  1 . 4 7  1 . 6 5  1 . 1 5  

A1VI 1 . 2 1  .69  1 . 0 6  ,77 

Ti . 036  .044  .055  . 0 3 1  

Fe 2§ 1 . 4 9  1 . 3 4  1 . 2 9  .96  

Fe 3§ .43  .45  .17  .20  

Mn .02  .01  .01  .00 

M 9 1 . 8 4  2 . 4 7  2 . 4 1  3 . 0 4  

Ca 1 . 5 4  1 . 5 1  1 . 3 8  1 . 5 1  

Na M4 .45  .48  .61  .49  

Na A .82  .59  .79  .53  

K .05  .09  .09  .05  

�9 .12  .30  . 1 0  . 4 1  

t o t  1 5 . 9 9  1 5 . 9 6  1 5 . 9 6  1 5 . 9 9  

XM 9 .55  .64  .65  .75  

T r  Ed 4 . 3 4  2 . 3 8  3 . 9 0  1 . 6 1  

(Prg Hs) 
T r  3 . 6 1  1 . 2 6  2 . 6 5  0 . 5 0  

SiO 2 3 8 . 9 4  

T iO  2 .23  

AI203 27.81 

FeO 6.82 

MnO .06 

MgO . 1 5  

6aO 2 3 . 4 2  

Na20 .03  

K20 .02  

t o t  9 7 . 4 8  

$1 6 . 1 4  

A1 5 . 1 6  

Ti .027 

Fe .89  

Mn .OO 

Mg .03 

Ca 3 . 9 5  

Na . 0 0  

K .go 

t o t  1 6 . 1 9  

ing pressures from 14 to 16 kbar during the 
eclogitic event. 

A post-eclogitic decompression was recorded 
by the Ca-amphiboles. High A1 w contents indi- 
cate pressures exceeding 5 kbar (Raase, 1974); 
high NaM4 in combination with high A1TM suggests 
pressures of more than 7 kbar (Brown, 1977). 
Activities of amphiboles, coexisting with zoisite, 
albitic plagioclase and futile, were calculated 
(Triboulet and Audren, 1985b; 1988) and the 
equilibria were applied tentatively to the empiri- 
cal geothermobarometer of Triboulet (1992). 
Values from most amphiboles are beyond the 
calibration and only equilibria from late amphi- 

boles (No. 60, Table 1) plot near the high- 
temperature limit of the isopleths at around 
700 ~ 9 kbar, giving a further rough approxima- 
tion of post-eclogitic P-Tconditions. Amphiboles 
and clinopyroxenes both form a L>S fabric of a 
mineral lineation and a planar anisotropy. This 
implies that the high-pressure event as well as the 
overprinting by decompression proceeded during 
the fabric-producing deformation D1-D2. 

Microstructures in mica schists 

Kyanite-staurolite-garnet mica schists in a 50 
m thick horizon, structurally 300 m below the 
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metabasites were sampled near Mirschachscharte 
(Fig. lc). One sample (no. 2) with biotite, 
muscovite, quartz, garnet, plagioclase, staurolite, 
kyanite and ilmenite in typical microstructural 
positions, has been selected for microprobe 
analyses out of a dozen samples from the same 
horizon. The mode of plagioclase (plagioclase 
5%, garnet 15%) in sample 2 is higher than in the 
other samples from the horizon, but lower than 
observed in other mica schists of the region (Troll 
and HOlzl, 1974; Troll et al., 1976, 1980). 

In XZ-sections parallel to the crenulation 
lineation, a planar or slightly anastomosing main 
foliation $2 with biotite (Bt2), muscovite (Ms2) 
and kyanite surrounds microlithons with garnet, 
staurolite, kyanite, plagioclase (P12, P13), mica 
and quartz. Layers of pure quartz underline the 
foliation. Many muscovites have recrystallized 
with decussate orientation in the foliation planes, 
whereas biotite 2 in $2 generally shows more 
distinct orientation. Large muscovites 3 overgrew 
the foliation planes (Fig. 3d). Garnets enclose 
biotite (Btl), muscovite (Msl), plagioclase (Pll), 
quartz and ilmenite of an older foliation S~ which 
sometimes lines up with the external $2 (Fig. 
3b, e). A slight postcrystalline rotation of some 
porphyroblasts is observed. Some garnets bear 
distinct inclusion-rich zones with numerous sub- 
microscopic needles (possibly zoisite?). The 
zones are oriented parallel to $1 (Fig. 3b, e) or 
form concentric inner rims (Fig. 3f) in the 
porphyroblasts. 

Early plagioclase (Pll) is found in cores, in 
inclusion-rich zones and in rims of the garnets 
(Fig. 3a, b). Plagioclase 2 is situated between 
quartz grains in the microlithons (Fig. 3c) and 
plagioclase 3 forms porphyroblasts with inclu- 
sions of small muscovite (Fig. 3d, e). Sometimes, 
plagioclase 2 and 3 are in contact with garnet rims 
(Fig. 3c). Optically zoned staurolite with inclu- 
sion-free large cores and quartz-inclusion-rich 
small rims appears with kyanite near to garnet 
rims (Fig. 3a) and outside the microlithons. Some 
of the staurolites enclose garnet, while others are 
mantled by small kyanite. 

The successive mineral assemblages can be 
derived directly from the successive appearance 
of phases (Fig. 4) in a microstructural-mineral- 
ogical scheme (Triboulet and Audren 1985a). 
This scheme is based on the relative temporal 
appearance of the phases in relation to successive 
foliations S1 and $2 which were generated in the 
mica schists by progressive deformation D1-D2. 
Assemblage M1 of an early stage of metamor- 
phism consists of biotite, muscovite, plagioclase 
and garnet. Kyanite inside the microlithons 
probably accompanies this assemblage. A sub- 

sequent assemblage M 2 is: biotite, muscovite, 
garnet, plagioclase, kyanite and staurolite (Fig. 
4). The microstructures suggest that growth of 
garnet stopped after the appearance of staurolite. 
Evidently, assemblages M1 and Me grew during 
the formation of the main foliation $2. The 
crystallization of staurolite and kyanite continued 
after generation of $2 (Troll et al., 1976; Behr- 
mann, 1990). Growth of large muscovites 3 as 
well as recrystallization of muscovites postdate 
the foliation-forming shearing. 

Mineral chemistry in a mica schist (sample 2) 

Garnets show continuous growth zonations 
with variable almandine (Alm), spessartine (Sps), 
grossular (Grs) and pyrope (Prp) components 
(Fig. 5a, b). Spessartine contents in the cores 
(7%) are higher than in the rims (<2%) of the 
porphyroblasts, and the zones with abundant 
inclusions of needles are always correlated with 
constant high pyrope and grossular contents. This 
indicates a temporal evolution of garnet com- 
position before and after to the formation of these 
zones. The evolution displays decreasing, then 
increasing grossular contents (from 6% to 2%, 
then to 7%) and increasing pyrope contents (from 
10% to 17%) towards the inner part of the 
inclusion zones. Outside the zones, grossular 
contents then decrease (to 1%) while the pyrope 
component further increases up to 20% 
(Fig. 5c). 

Early biotite (Btl) enclosed by garnet has 
slightly higher XMg (0.574).56) compared with 
biotite forming the main foliation $2 (XMg 0.55- 
0.54). A1 vI contents in biotite 1 are 2.45-2.53, 
and 2.48-2.73 in biotite 2. In biotite 1, A1 w is 
0.98--0.84, and in biotite 2 from 0.93 to 0.82. The 
range of Ti contents (0.18-0.21) is similar in both 
biotite generations, but most of the biotites 1 
show lower Ti (0.18) than the second generation 
(Ti 0.20). Muscovites from different microstruc- 
rural positions show different compositions. The 
early muscovite 1 inside garnets are Na-rich (0.3- 

4 +  0.4) and Si -poor (6.2). Rare small muscovites 2 
in quartz-rich layers have similar compositions. 
Fe and Mg contents of these muscovites 1 and 2 
are Fe = 0.054).14 and Mg = 0.09~).14. Recrys- 
tallized muscovites in the foliation $2 as well as 
late large muscovite 3 on the other hand display 
Na-poorer (0.2) and Si4+-richer (6.4) compo- 
sitions (Fig. 5d) with Fe = 0.14--0.16 and Mg = 
0.14-0,43. This implies a recrystallization of 
muscovites at lower temperatures (Cipriani 
et al., 1971) after the final increment of deforma- 
tion D1-D2. Staurolite porphyroblasts have XMg 



P R E - A L P 1 N E  M E T A M O R P H I S M  195 

~ c C ' ~ ~ ~ ' ~  Grt % ~ . . , ~ / ~  

. ~  - - "  ~ _ - - - ~ - _ -  

: 0.Smm : :0.5mm: % ~ ~ ~  ] 

FIG. 3. Microstructures in kyanite-staurolite-garnet mica schist (sample 2) in XZ-sections parallel to the crenulation 
lineation. Numbers lable analyses in Table 2 and Figs. 5 and 6. (a) Garnet enclosing unzoned and zoned albitic 
plagioclase 1. Numbers in the inset to the left are anorthite contents in mole %. The garnet shows an inclusion-rich 
zone (incl.) near to the rim. See Fig. 5a for zoning profile. Staurolite and kyanite accompany the garnet near to its 
rim. (b) Garnet encloses foliation Sz by muscovite 1, biotite 1, albitic plagioclase and inclusion-rich zones. 
Decussate muscovites recrystallized (Ms recryst.) in $2. (c) Microlithon with garnet and interstitial twinned albitic 
plagioclase 2 in contact. (d) Microlithon with interstitial plagioclase 2 and albitic plagioclase 3. Large muscovite 3 
crosscuts $2. (e) Microlithon with garnet and plagioclase 3 is surrounded by $2. $1 by inclusions in garnet lines up 

with $2. (/-') Garnet of zonation profile C-C'  (Fig. 5b). Inclusion-rich zones are situated near to the rim. 

from 0.20 to 0.24 with slightly higher Mn contents 
in the cores (Table 2c). 

Some of the early plagioclases 1 in the spessar- 
tine-rich core of  a large garnet  (Fig. 3a) show 
optical and chemical zonation with An 11-13 in 
the core and An  2 in the rims. Other  plagioclases 
(An 1-2) in the garnet cores are unzoned. The 
plagioclases 1 in inclusion-rich zones and in the 
pyrope-rich rims of garnets (Fig. 3b) are albitic as 
well. Similar albite-rich composit ions were 
observed from small plagioclase 2 and plagioclase 
3 inside the microlithons. No plagioclase with 
anorthite contents exceeding 13%, as has fre- 
quently been observed from other  mica schist 
horizons of the region (Troll et al., 1976; 1980; 
Behrmann,  1990), was found in the investigated 
sample. 

P - T  estimates from a mica schist (sample 2) 

The increasing XMg of zoned garnets are 
characteristic of a metamorphism prograde in 
temperature  (Martignole and Nantel ,  1982). 
Assemblage M 1 appears in a divariant field which 
is bounded  by a garnet-forming reaction at low 
temperatures  and a staurolite-producing reaction 
(Spear and Cheney,  1989) at high temperatures.  
Assemblage M2 with staurolite seems to appear at 
increasing temperature  and decreasing pressure 
by continuous reactions garnet  + chlorite + 
muscovite = staurolite + biotite + H 2 0 ,  or  
garnet + bioti te + A12SiO5 + H 2 0  = staurolite + 
muscovite + quartz (Spear and Cheney,  1989), as 
is indicated by decreasing )(Ca and increasing XMg 
in garnet rims and further increasing XMg in 
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FIG. 4. Mineralogical-microstructural scheme from the 
mica schist (sample 2). Successive appearance of phases 
in relationship to microstructures of deformation D1- 
D2, and successive assemblages Ma and M2 in AFM- 
projections. Numbers in the diagram refer to mineral 
chemistry of biotite (XMg), muscovite (Na/Si4+), 
plagioclase (An mole %), garnet (XMg) and staurolite 

(XMg); c core, r rim. 

staurolite. Garnet growth then seems to have 
stopped after the appearance of staurolite (Fig. 
4). Changes in garnet composition can be 
explained by continuous reactions among garnet, 
biotite, muscovite and plagioclase inside the 
divariant field, depending on P and T (Thomp- 
son, 1976; Trzcienski, 1977; Tracy, 1982). It is 
possible to use the garnet zonation trend within 
low-variance assemblages to derive A T / A P  trends 
by the Gibbs method (Spear and Selverstone, 
1983; Spear et al., 1984; Haugernd and Zen, 
1991). Each step of garnet chemical evolution 
represents a finite temporal and spatial domain of 
equilibration with the other minerals of the 
assemblage. Thus, when coexistent minerals are 
preserved as inclusions or within the microstruc- 
tural domain of interest ('local equilibrium'), and 
when their chemical compositions are known, 
P and T can be evaluated by 'classical' thermo- 
barometry (Perchuk et al., 1985; Triboulet and 
Audren, 1985a; St-Onge, 1987; Haugerud and 
Zen, 1991). 

However, each generation of mica seems to 
have been homogenized after a finite time inter- 
val of deformation (Triboulet and Audren, 
1985a). Despite a strong increase of XMg in 

garnets, biotites show only a slight change to- 
wards lower XMg in the younger foliation Se and it 
is probable that garnet coexisted with biotites of 
XMg 0.57 to 0.54 throughout its growth (Fig. 4). 
Only muscovite 1 and 2 with Na-rich and Si-poor 
compositions are considered to have coexisted 
with the other M1 and Me phases. Recrystallized 
decussate muscovites in Se and muscovite 3 with 
Na-poor and Si-rich compositions grew after the 
MI-Me metamorphism (Fig. 4). 

Although garnet shows significant Ca variation, 
the anorthite contents of coexisting plagioclases 
(enclosed or in the matrix) change only slightly 
within an albite-rich range. Slow rates of post- 
entrapment volume diffusion in plagioclases will 
preserve original compositions of inclusions 
inside garnets (St-Onge, 1987). The only effective 
means of equilibration is for old plagioclase to 
dissolve partially or completely, and for new 
plagioclase of a different composition to grow 
(Spear et al., 1990). No textural signs of a 
retrograde albitisation of initially anorthite-richer 
plagioclase and of coexisting oligoclase and albite 
(Ashworth and Evirgen, 1985a) were found. 
Thus, formation of the zoned enclosed plagio- 
clase (An 13% to An 2% from core to rim) 
probably predated the garnet growth. Garnet 
growth started with the crystallization of albitic 
plagioclase. Furthermore, albitic plagioclase 
appears in Ca- and Mg-rich inclusion-bearing 
zones, in Mg-rich rims of garnet, in close contact 
with the garnets and outside them within the 
microlithons. Following these microstructural 
observations, garnet is considered to have grown 
and coexisted with albitic plagioclases throughout 
the M1-M 2 metamorphism. Oligoclase and ande- 
sine as well as anorthite-rich rims around anorth- 
ite-poor cores observed in Ca-richer other mica 
schists of the region (Troll et al., 1976; 1980; 
Behrmann, 1990) are possibly related to a post- 
M1-M 2 stage of metamorphism 

Temperatures from the garnet-bearing assem- 
blage were calculated by applying five garnet- 
biotite Fe-Mg exchange geothermometers 
(Thompson, 1976; Holdaway and Lee, 1977; 
Hodges and Spear, 1982; Ganguly and Saxena, 
1984; Perchuk and Aranovitch, 1984) to typical 
analyses from the garnet zonation trend (Fig. 5c). 
Analyses of biotite 1 (No. 25, Table 2b) and an 
early step of garnet evolution (No. 66, 76, 77, 
Table 2a) were combined. Biotite 2 (No. 84) was 
related to a late step of garnet zonation (No. 14, 
78, 96). The pressure variation was estimated by 
applying the garnet analyses to four garnet- 
plagioclase Ca-net-transfer geobarometers 
involving aluminosilicate (Newton and Haselton, 
1981; Ganguly and Saxena, 1984; Perchuk et al., 
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FIG. 5. Mineral chemistry in kyanite-staurolite-garnet mica schist (sample 2). Numbers refer to analyses in Figs. 3 
and 6. (a) Zonation profile of garnet in Fig. 3a. The positions of inclusion-rich zones (incl.) are marked. (b) 
Zonation profile of the garnet in Fig. 3f. (c) Evolution of garnet compositions in grossular (Grs)-pyrope (Prp)- 
spessartine (Sps) coordinates. Large arrows indicate the chemical trend. Numbers refer to selected analyses in Fig. 

6. (d) Chemical compositions of the muscovites in Si 4+ versus Na diagram. 

1985; Koziol and Newton, 1988). Due to the 
possibly questionable presence of kyanite in the 
assemblage throughout garnet growth, the cali- 
bration of Ghent and Stout (1981) which is 
applicable to assemblages lacking aluminosili- 
cates has been used additionally. Garnet analyses 
(66, 76, 77, 14, 78, 96) were combined with an 
unzoned plagioclase (No. 3 with An 2%) from a 
garnet inclusion, and with syn-Sa muscovite 1 
(No. 55) respectively. This is possible because 
garnet was found to have coexisted with albitic 
plagioclase throughout its growth (see above). 
Due to the low anorthite contents in the other 
plagioclases, results from calculations involving 

other enclosed plagioclases in garnets cores and 
rims, plagioclase in contact with garnet rims, and 
plagioclase in the microlithons, only differ slightly 
(<1.5 kbar) from the P estimates yielded by the 
method described above. 

Poorly understood activity/composition rela- 
tionships in plagioclase An <20% at low T 
(Ashworth and Evirgen, 1985a, b) and a possible 
strong positive deviation from ideality for plagio- 
clase An <5-8% (Ghent and Stout, 1981) suggest 
that pressure estimates from garnet and albitic 
plagioclase may be doubtful and too high. Com- 
pared with the results for the eciogitic stage in the 
metabasite (14-16 kbar at 550-650~ Fig. 6b), 
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TABLE 2. (a)-(c) Microprobe analyses from kyanite-staurolite-garnet mica schist (sample 2), selected from 110 
analyses. Numbers of oxygens: garnet 24; biotite (Bt) 22; muscovite (Ms) 22; plagioclase (P1) 8; staurolite 23.5. c = 

cores, r = rims of minerals, re = recrystallized. 

a )  c g a r n e t  r 

66 76 77 14 78 96 

S iO 2 3 6 . 7 0  3 6 . 5 1  3 7 . 2 1  3 7 . 0 6  3 6 . 9 6  3 7 . 3 2  

I i O  2 .02  .02  .00  .06  .10  .O0 

A12O 3 2 0 . 7 3  2 0 . 9 5  2 1 . 0 4  2 1 . 1 7  2 0 . 9 3  2 1 . 2 3  

FeO 3 4 . 7 9  3 5 . 2 6  3 4 . 9 9  3 5 . 0 1  3 3 . 5 4  3 4 . 8 1  

MnO 2.44 2 . 6 1  1 . 3 2  .77 .44 .20 

MgO 2 . 4 8  3 . 1 2  4 . 3 3  3 . 6 8  4 . 4 7  5 . 0 9  

CaO 1.87 . 68  .83  2 . 2 0  2 . 6 1  .66  

t o t  9 9 . 0 3  9 9 . 1 5  9 9 . 7 2  9 9 . 9 5  9 9 . 0 5  9 9 . 3 1  

S i  5 . 9 9  5 . 9 5  5 . 9 7  5 . 9 5  5 . 9 5  5 . 9 7  

Ti .001 .002  .O0 .007 .011 .O0 

A1 3 . 9 8  4 . 0 2  3 . 9 8  4 . 0 0  3 . 9 7  4 . 0 0  

Fe 2+ 4 . 7 5  4 . 8 0  4 . 6 9  4 . 7 0  4 . 5 1  4 . 6 6  

Mn .33  .36  .18  .10  .06  .02  

M 9 . 60  .75  1 . 0 3  . 88  1 . 0 7  1 . 2 1  

Ca .32  .11  .14  .37 .45  .11  

t o t  1 5 . 9 7  1 5 . 9 9  1 5 . 9 9  1 6 . 0 0  1 6 . 0 2  1 5 . 9 6  

XM 9 . 1 1  . 1 3  . 1 8  . 1 5  . 1 9  . 2 0  

Alm 78 79 77 77 74 77 

Prp 10 12 17 14 17 20 

Sps 5 5 2 1 .98  .44  

6 r s  5 1 . 8  2 . 2  6 7 1 . 7  

(b) . . . . .  B t l  8 t 2  M s l  Ms2 M s 2 r e  Ms3 

25 84 55 47 85 34 

S iO 2 3 7 . 4 9  3 6 . 5 7  4 8 . 2 1  4 9 . 8 3  5 2 . 7 8  4 9 . 8 5  

I i O  2 1 . 7 1  1 . 8 4  .47  .48  .67  .81  

A1283 2 0 . 1 4  1 9 . 2 5  3 7 . 5 2  3 8 . 0 6  3 3 . 3 7  3 2 . 3 9  

FeO 1 6 . 2 8  1 7 . 3 0  1 . 3 7  .51  1 . 3 4  1 . 4 8  

MgO 1 2 . 2 5  1 1 . 6 9  .76  .53  2 . 1 3  2 . 2 6  

NB2O .36  .24  1 . 5 5  1143 .79  .85  

K2O 6 . 9 9  8 . 2 8  6 . 2 7  6 . 0 4  6 . 5 3  7 . 5 4  

tot 9 5 . 2 2  9 5 . 1 7  9 6 . 1 5  9 6 . 8 8  9 7 . 6 1  9 5 . 1 8  

S i  5 . 5 0  5 . 4 5  6 . 1 9  6 . 2 9  6 . 6 4  6 . 5 0  

TJ . 1 8  . 20  .04  .04  .06  .07  

A1 3 . 4 8  3 . 3 8  5 . 6 7  5 . 6 6  4 . 9 4  4 . 9 8  

Fe 2+ 1 . 9 9  2.16 .14  .05  .14 . 16  

Mg 2 . 6 7  2 . 6 0  . 1 4  .09  .40  .43  

Na .10  .06  .38  .35  .19  .21  

K 1 . 3 0  1 . 5 7  1 . 0 2  .97  1 . 0 4  1 . 2 5  

t o t  1 5 , 2 2  1 5 . 4 2  1 3 . 5 8  1 3 . 4 5  1 3 . 4 1  13.60 

XM9 .57 .54 

C )  p lagioclase staurolite 

Pllc P l l r  Pl2 P13 

100 3 41 43 23 

S102 6 5 . 9 9  6 8 . 5 0  7 0 . 0 5  6 9 . 4 9  

CaO 2 . 5 9  .45  .18  .07  

Na2O 9 . 4 7  1 0 . 7 2  9 . 5 8  1 0 . 5 8  

K20 .08  .07  .02  .06  

A1203 2 2 . 4 0  2 0 . 6 7  2 0 . 4 0  2 0 . 0 5  

t o t  100.44 100.41 100.23 100.25 

S t  2 . 8 6  2 . 9 6  3 . 0 1  3 . 0 0  

Ca .12  .82  .008  .003  

Na .79  .90  .79  .88  

K .004 .004 .001 .003 

A1 1.14 1.05 1.03 1.02 

t o t  4 . 9 1  4 . 9 3  4 . 8 3  4 . 9 0  

An 1 3 . 0 5  2 . 2 4  1 . 0 3  .38  

SiO 2 28.16 

TiO 2 .45 

A1203  5 2 . 2 8  

FeO 1 1 . 9 6  

R90 2 . 1 9  

t o t  9 5 . 0 4  

S i  3 . 9 8  

f i  .04  

At 8 . 7 1  

Fe 1 . 4 1  

Mg . 4 6  

t o t  1 4 . 6 0  

X M g  .24  

corresponding pressure estimates from garnet- 
plagioclase-aluminosilicate~luartz barometers 
are considerably higher (18 and 19.5 kbar at 
650 ~ Fig. 6a), whereas results from Ghent and 
Stout (1981) (14.5 kbar at 650~ Fig. 6a) are 
lower. Consequently, minimal and maximal 
results from all applied geothermobarometers 
define successive P - T  fields encompassing the 
disagreements among all the calibrations, but 
giving evidence that both mica schists and eclo- 
gitic amphibolites suffered similar high-pressure 
metamorphism (Fig. 6b). The P - T  fields line up 
and form a syn-DrD2 P-Tpath with a character- 
istic shape. All the geothermobarometers for 
metapelites involve the garnet activity model as a 
predominant part, and micas and plagioclases as a 

minor part of calculations. Thus, when calculated 
from characteristic analyses of the garnet zona- 
tion trend, the results will always give a P - T  path 
strongly dependant on the easily-measurable 
chemical zonation of the garnet. Due to the slight 
compositional variations of coexisting micas and 
plagioclases, this effect is intensified. On the one 
hand, the P - T  path mainly follows the garnet Ca 
and Mg zonation trend and gives a relative P - T  
evolution as from garnet zonation modelling. On 
the other hand, this path is defined by actual P - T  
estimates from garnets and continuously coexist- 
ing micas and albitic plagioclase. 

T h e  P - T  path from sample 2 describes decreas- 
ing-increasing pressures at increasing tempera- 
tures (460 ~ 11 kbar to 480 ~ 7.5 kbar and then 
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FIG. 6. P - T  data and P-T path from the Prijakt area, Schobergruppe. (a) P - T  data from sample 2. Numbers of P - T  
fields refer to garnet analyses in Table 2 and Fig. 5. Arrows connect the P - T  fields in their temporal order. P - T  field 
labelled Ms 3 marks P - T  estimate from muscovite 3. See text for further explanation. Triangle insets show garnet 
chemical evolutions in sample 2 and in mica schists from the Deferegger Alps (Schulz, 1990) for comparison. 
Abbreviations of applied geothermo- and -barometers: C--Cipriani et al. (1971); G--Ganguly and Saxena (1984); 
GS--Gheut and Stout (1981); H--Hodges and Spear (1982); M--Massonne and Schreyer (1987); N--Newton and 
Haselton (1981); P--Perchuk et al. (1985); PA--Perchuk and Aranovitch (1984); T--Thompson (1976); V--Velde 
(1967). Staurolite stability field St+, St- after Spear and Cheney (1989). (b) P-T data from sample 1 and P-T- t -  
deformation paths of the pre-Alpine metamorphic evolution. P-Tfields from sample 1 are enclosed by results from: 
Am--amphibole equilibria, EG--Ellis and Green (1979), Jd--Gasparik and Lindsley (1980) and Holland (1983), 
PN--Perkins and Newton (1981), RG--Raheim and Green (1974). P - T  path from mica schists of the Deferegger 
Alps (Schulz, 1990). Conditions of anatectic melting in the adjacent Kreuzeckgruppe (Hoke, 1990). Muscovite 3 

(Ms 3) presumably recorded an early-Alpine overprinting. 

to 580-650~ 14-16 kbar) and attains high- 
pressure conditions of eclogite formation. Stauro- 
lite appears when the P - T  path crosses a univar- 
iant curve of a staurolite-producing reaction 
during subsequent decompression/heating to 
680~ 12 kbar (Fig. 6a). The recrystallized 
muscovites and muscovite 3 define maximum 
temperatures of 500~ (Cipriani et al., 1971) at 
minimum pressures of 5 kbar (Velde, 1967; 
Massonne and Schreyer, 1987) of a post-S2 and 
post DI-D2 metamorphism (Fig. 6a). Uncertain- 
ties in the calculated P - T  path arise from 
microprobe analyses, thermodynamic data and 
combination of possibly inappropriate mineral 
pairs. Due to the slight compositional variations 
of biotites and plagioclases in the mica schist, the 
latter unsystematic error ranges between _+1,5 
kbar and _+50 ~ Furthermore, systematic analy- 
tical, relative and absolute errors from the other 
sources have no signifiant effect on the shapes of 
P - T  paths as has been shown by Spear and 

Rumble (1986) by garnet zonation profile 
simulation. 

Conclusions and discussion 

Neither structural nor lithological and geo- 
chemical observations from the alternating 
sequence in the Sehobergruppe leads one to 
suppose that metabasites and host rocks were 
brought together by tectonic transport at a late 
stage. Parallel planar-linear mesoscopic struc- 
tures and microstructures of metabasites, mica 
schists and Upper-Ordovician granitoids--now 
orthogneisses--were produced by a post-Upper- 
Ordovician progressive non-coaxial deformation 
DI-D2 of the rocks. The planar-linear structures 
of D1-D2 are formed by minerals of high-pressure 
and subsequent amphibolite-facies assemblages 
in metabasites, and developed during the crystal- 
Iization of garnet-bearing assemblages in mica 
schists. Therefore, this metamorphism is syn- 
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deformative and must also be post- 
Upper-Ordovician. 

Compared with the results from the eclogitic 
amphibolites, pressures calculated from garnet 
and albitic plagioclase (An 2%) in mica schists are 
overestimated by Grt-P1-As-Qtz  geobarometers 
and underestimated by the Grt-Bt-Ms-P1 cali- 
bration. Mean values from geothermobarometry 
in mica schists give similar high pressures a t  
equivalent temperatures as the estimates from 
metabasites and confirm that garnet-plagioclase 
Ca-net-transfer barometers work in the relevant 
P - T  field. The crystallization of late-S2 and post- 
$2 amphibolite-facies assemblages postdated the 
high-pressure metamorphism and occurred 
during a decompressional section of the same P - T  
path. A final decompression path for the lower 
part of the lithotectonic unit can be inferred by 
assuming mainly erosional uplift (England and 
Thompson, 1984) and reached P - T  conditions of 
anatectic melting (Hoke, 1990) in the adjacent 
Kreuzeckgruppe (Fig. 6b). 

At  first glance, the mica cooling ages around 
70-90 Ma in the region (Oxburgh et al . ,  1966; 
Brewer, 1969; Troll, 1978) indicate an early- 
Alpine minimum age of this metamorphism. 
However, it must be taken into account that the 
pre-Alpine basement suffered an early-Alpine 
overprinting. This is obvious from late-Variscan 
mica cooling ages around 260-300 Ma in the 
southern parts of the basement (Brewer, 1969; 
Borsi et al . ,  1978; Sassi et al . ,  1985; Hoke,  1990) 
and from successively younger Variscan-Alpine 
'mixing ages' to the north (Hoke, 1990). Thus, a 
pre-Alpine and post-Upper-Ordovician age of the 
high-pressure metamorphism in the Schober- 
gruppe appears to be possible too. As it has been 
outlined above, garnet compositional zonations 
reflect a history of continuous reactions depend- 
ing on P and T of metamorphism. Consequently, 
garnet zonation trends and the derived P - T  
evolutions are characteristic properties of a geo- 
logical unit. Similar garnet zonation trends to 
those in the Schobergruppe were recognized from 
mica schists of the same lithotectonic unit in the 
Deferegger Alps, 30 km to the west (Figs. lb ,  6a 
inset). P - T  paths from these mica schists (Schulz, 
1990) display a similar marked decompression- 
compression (Fig. 6b). In this part of the base- 
ment, exclusively late-Variscan Rb--Sr mica ages 
were found (Borsi et al. ,  1978; Sassi et al . ,  1985) 
which date the cooling after the amphibolite- 
facies stage of metamorphism (St{3ekhert, 1985; 
Schulz, 1990). Hence, this similarity of garnet 
zonation trends and P - T  path shapes in the 
Deferegger Alps and Schobergruppe points to an 
early-Variscan age of high-pressure and sub- 

sequent amphibolite-facies metamorphism in the 
Prijakt area. In the Schobergruppe, late-Variscan 
cooling ages are lacking. Early-Alpine thermal 
overprinting probably extinguished the Variscan 
radiometric traces. The recrystallization of mus- 
covites and the crystallization of new muscovite 3 
in the mica schists at temperatures below 500 ~ 
presumably can be related to the partial early- 
Alpine rejuvenation of this part of the Austroal- 
pine basement. 
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