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Ozeanische vs kontinentale Entstehung der paläozoischen Habach-Formation 
in der Nachbarschaft der Scheelitlagerstätte Felbertal (Hohe Tauern, Österreich) 

Eine geochemische Studie 

Zusammenfassung 
Die Habachformation des Unterfahrungsstollens der Scheelitlagerstätte Felbertal (Salzburg/Österreich) besteht aus verschiedenen Magmatiten 

und Sedimenten, die bei der alpinen Metamorphose in Grünschieferfazies bzw. in Amphibolitfazies umgeprägt wurden. Aufgrund des weitgehenden 
Fehlens urspünglicher Relikte basiert die vorliegende Studie vorwiegend auf geochemischen Untersuchungen. Zwei magmatische Abfolgen konnten 
unterschieden werden. Die tiefere, Untere Magmatitabfolge - sie besteht im wesentlichen aus feinkörnigen Amphiboliten und untergeordnet interme
diären Schiefern und Gneisen sowie aus Hornblenditen - w i r d als subvulkanischerTeil der ozeanischen Kruste eines "marginal basins" (sheeted dike) 
interpretiert, mit Intrusionen intermediärer und saurer Zusammensetzung, die aus einem kontinentalen Inselbogenmagmatismus herzuleiten sind. 

Authors' address: Ao. Univ.-Prof. Dr. VOLKER HOCK, HARTWIG KRAIGER & HERBERT LETTNER, 
Salzburg, Hellbrunnerstraße 34, A-5020 Salzburg, Austria. 
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Die vorwiegend vulkanogene Obere Magmatitabfolge, bestehend aus verschiedenen basischen bis sauren Metavulkaniten mit geringen Metasedi-
mentzwischenlagen, kann als Produkt eines kontinentalen Inselbogens angesehen werden. Im Hangendbereich der Oberen Magmatitabfolge, der 
sogenannten Habachentwicklung, treten neben dominierenden Metasedimenten einzelne Amphibolite mit Intraplattencharakteristik auf. 

Folgendes Entwicklungsmodell wird vorgeschlagen: Im Bereich eines älteren Inselbogens kommt es zur Bildung eines „marginal basins" als dessen 
Teil die Untere Magmatitabfolge angesehen wird. Eine spätere Schließung des Beckens führt zu einer teilweisen Obduktion der ozeanischen Kruste und 
zu einem Zergleiten des Krustenpakets. Auf den „sheeted dike" Komplex der Unteren Magmatitabfolge werden in der Folge kalkalkalische (z.T. 
shoshonitische) Vulkanite des kontinentalen Inselbogens der Oberen Magmatitabfolge abgelagert. Gleichzeitig intrudieren kalkalkalische Schmelzen 
die Untere Magmatitabfolge. Das Ende der Subduktion führt einerseits zum Ausklingen des Vulkanismus, andererseits zur verstärkten Ablagerung von 
tonigen Sedimenten (Habachphyllitentwicklung) und zum Auftreten eines basischen Intraplattenvulkanismus. 

Abstract 
The Habach Formation exposed in the "Unterfahrungsstollen" of the Felbertal scheelite deposit (Salzburg/Austria) consists of several types of 

former magmatic and sedimentary rocks metamorphosed into greenschist to amphibolite facies during the Alpine orogeny. Due to the lack of primary 
features the following interpretation is based mainly on a geochemical investigation. Two different magmatic sequences can be distinguished. The 
Lower Magmatic Sequence (LMS) is essentially made up of fine-grained amphibolites. In addition, different types of intermediate to acidic schists and 
gneisses and, restricted to the basal sections, hornblendites occur. The LMS is interpreted as sheeted dike-complex originating from an oceanic 
marginal basin. However, the intermediate to acidic intercalations are considered to be intrusive and related to a continental island arc magmatism. 
The Upper Magmatic Sequence (UMS) with predominant metavolcaniclastic rocks intercalated by minor metasediments has been formed in a contin
ental island arc setting. On top of the UMS metasediments ("Habachphyllitentwicklung") prevail over metavolcanic rocks. Rare amphibolites indicate a 
final within-plate magmatism. 

The following geological model is proposed: A marginal basin is established in the area of an older island arc. The LMS is considered to be a remnant 
of this basin. Subsequent closure of the basin led to obduction and splitting up of the oceanic crust. Calc-alkalineto shoshonitic volcaniclastics (UMS) 
were deposited on the sheeted dike-complex (LMS). Contemporary calc-alkaline dikes feeding the UMS were found intruding the LMS. The decrease in 
island arc volcanism was associated with an increase in argillaceous sedimentation and with a basic within-plate magmatism. 

1. Introduction 

The Paleozoic Habach Formation is part of the Tauem 
Window, the largest and most important Penninic window 
in the Eastern Alps. The central part of the Window is di

vided into two lithological units (FRASL, 1958): the "Zen
tralgneise" and the "Schieferhülle" including the Altkri
stallin Formation, the Habach Formation and the Permo-
Mesozoic formations (Fig. 1). The former is built up by me
tamorphosed Variscan granitoids, the latter of Precam-
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Fig. 1. 
Geological sketch-map of the northern part of the "Mittlere Hohe Tauern" including the position of the "Unterfahrungsstollen" of the Felbertal scheelite 
deposit. The Altkristallin Formation , the Habach Formation and the Permo-Mesozoic formations build up the "Schieferhülle". 
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brian (?, compare REITZ & HÖLL, 1988), Paleozoic and Me-
sozoic metamagmatites and metasedimentary rocks. The 
"Altkristallin" Formation, which consists of garnet-bear
ing banded amphibolites, schists and migmatic gneisses 
and the Habach Formation, which contains basic to acidic 
metamagmatites and pelitic to psammitic metasediments 
are considered as forming the pre-Permian parts of the 
Schieferhülle. 

During the last few years the Habach Formation has 
been investigated petrographically and geochemically in 
some detail by numerous authors. HÖLL, (1975) divided the 
Habach Formation of the Felbertal scheelite deposit into 
three units: the "Basisschieferfolge", the "Eruptivge
steinsfolge" and the "Habachphyllitentwicklung". STEYR-
ER (1982, 1983) studied the Habach Formation on its type 
locality in the Habach valley and interpreted the sequence 
as a product of an orogenic calc-alkaline volcanism. PE-
STAL, (1983), HOCK & PESTAL (1990) considered it as an is
land arc sequence deposited on perhaps thin continental 
crust. STEYRER & HOCK (1985) proposed a back-arc basin 
situated close to an Early Paleozoic continent. On the 
contrary, FRISCH & RAAB (1987) interpreted the metamag
matites partly as back-arc basin basalts, partly as primit
ive island arc volcanic rocks. In the area of the Knappen
wand SEEMANN & KOLLER (1989) argued for an island arc 
environment. 

The aim of this study is to contribute to the clarification 
of the sometimes conflicting results. A newly driven adit 
within the Felbertal scheelite mine (the so-called "Unter
fahrungsstollen"; Fig. 1) presents a favourable opportun
ity to investigate a continuous profile through the Habach 
Formation. Therefore it was hoped to gain additional in
sights into the internal structure on the Habach formation 
and to improve the interpretation of the geological and 
geochemical data in terms of geotectonic environments. 
The present study is based on a detailed geological, petro-
graphic and geochemical investigation in the area of the 
Felbertal scheelite mine (KRAIGER, 1987) and presents the 
main geochemical results. Geological and petrographic 
data have been presented elsewhere (KRAIGER, 1989) and 
will be only shortly reviewed here. 

Recently HÖCK (1993) presented an overview of the Ha
bach Formation, separating it into three subunits includ
ing 
a) ophiolitic rocks, 
b) an island arc volcanic sequence and 
c) the Eiser Sequence ("Biotitporphyroblastenschiefer"). 

The conclusions reached by HOCK (1993) are in good 
agreement with the present study. 

2. Geological Setting 

The "Unterfahrungsstollen" within the pre-Permian 
formations, shown in Fig. 1, cuts all three lithological units 
described by HÖLL (1975) on a length of 3500 meters. 
Based on detailed underground mapping and petro
graphic studies KRAIGER (1987, 1989) distinguished three 
lithological units, from bottom to top: 

O "Basisschieferfolge" (BSF) 
O Lower Magmatic Sequence (LMS) 
O Upper Magmatic Sequence and "Habachphyllitent

wicklung" (UMS + HPhE). 
Compared to HULL'S classification (1975), the "Erup-

tivgesteinsfolge" is split up into two units, the LMS and the 
UMS, being combined with the HPhE. 

The rocks of all three units usually strike NE-SW and dip 
NW. The Alpine metamorphism reached the temperature 
range of the low-grade amphibolite facies. A pre-Alpine 
thermal event has not been observed so far (KRAIGER, 
1987). 

A columnar section of these three subunits in the "Un
terfahrungsstollen" is given in Fig. 2. For a detailed petro
graphic description the reader is referred to KRAIGER 
(1989). 

2 . 1 . "Basisschieferfolge" 

The BSF of the "Unterfahrungsstollen", lying at the base 
of the investigated sequence (Fig. 2) is composed of me
tasediments (micaschists, paragneisses and quartzites) 
and some amphibolites and leucocratic gneisses 
(KRAIGER, 1989; GILG et al. 1989). The BSF is generally 
identical with the "Biotitporphyroblastenschiefer" of 
PESTAL (1983) and the Eiser sequence of HOCK (1993). It 
has not been investigated in detail. 

2.2. Lower Magmatic Sequence 

The LMS rests technically on the BSF (PESTAL, 1983; 
KRAIGER 1987). The approximately 800 m thick sequence 
is mainly built up by different types of metamagmatites 
(Fig. 2), the most abundant being fine-grained amphibo
lites. Medium-grained amphibolites and amphibolites 
with hornblende phenocrysts are of minor extent. Layered 
or lense-shaped basic-intermediate (plagioclase amphi
bolite, (garnet)-hornblende-biotite-plagioclase schists), 
intermediate (biotite gneiss) and acidic (albite gneiss) 
rocks occur subordinately. In addition small layers of ultra-
mafic hornblendites can be found. 

Based on the uniform lithology of the fine-grained 
amphibolites, the absence of volcaniclastic and sedimen
tary rocks the non-plutonic section of the LMS is thougt to 
be of subvolcanic origin. This is supported by the occur
rence of medium-grained amphibolites interpreted as 
gabbro-veins or screens and of hornblenditic rocks (form
er clinopyroxenites). As KRAIGER (1987,1989) pointed out, 
most of the basic to intermediate and intermediate to 
acidic rocks are considered to be intrusive in character, 
forming dikes in the fine-grained amphibolites. 

2.3. Upper Magmatic Sequence 
and "Habachphyllitentwicklung" 

(UMS and HPhE) 

The UMS rests unconformably on the LMS. The se
quence is mainly made up of basic to acidic metavolcanic 
rocks and contains metasedimentary rocks only to a mi
nor extent (Fig. 2). In its uppermost section (HPhE), the 
metasedimentary rocks (dark phyllites, quartzites) prevail 
over metavolcanic rocks. The whole sequence is at least 
650 m thick. 

Among the metavolcanic rocks basic and basic-inter
mediate rocks such as biotite-rich amphibolite, chlorite-
albite schists, prasinites, are less frequent than intermedi
ate to acidic rocks (biotite-epidote-albite schists, musco-
vite-epidote-albite schists, muscovite-albite gneiss). All 
of these rocks are generally banded at a mm- to dm-scale. 
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Fig. 2. 
Schematic geological columnar section 
through the three sequences exposed in the 
"Unterfahrungsstollen". 
BSF = Basisschieferfolge, LMS = Lower 
Magmatic Sequence, UMS = Upper Magnet
ic Sequence and HPhE = "Habachphyl-
litentwicklung". 



Pseudomorphs after primary plagioclase, clinopyroxene, 
apatite and volcanic glass have been described by KRAI-
GER (1987,1989). 

3. Geochemistry 

Geochemical data have been obtained from 65 whole 
rock samples from the two magmatic cycles (LMS and 
UMS + HPhE). Representative analytical results are given 
in Tab. 1 and 2. Analyses of major elements were carried 
out by means of an electron microprobe (type Cambridge 
MK5), trace elements by Philips PW 1400 XRF and REE by 
neutron-activation analysis. The glass pellets (for EMP) 
were measured at 20 kV and 50 nA, trace elements were 
determined on powder pellets at 60 kV and 45 mA. Major 
elements finally were corrected according to the method 
described by BENCE & ALBEE (1968) and trace elements 

analyses according to NISBET et al. (1979). The REE includ
ing Ta and Hf were determined by INAA and gamma spec
troscopy. 

Geochemical alteration of the rocks from the Hohe 
Tauern during the Alpine metamorphism has been proven 
to be insignificant with the exception of fluid phases 
(FRASL, 1960; HÖLL, 1975; BICKLE & PEARCE, 1975; HOCK & 

MILLER, 1987). However, some alterations by postmagmat-
ic processes in the Paleozoic magmatic rocks, especially 
in gabbros, must be taken into account. Influence of the 
W-mineralisation on the geochemical data can be ob
served only at the base of the LMS. Particularly the Rb 
concentration (see below) exhibits locally a significant 
enrichment, which seems to be typical of the mineralized 
zones (KRAIGER, 1987). 

Owing to the striking petrographic differences between 
the rocks of LMS and UMS, the two sequences are dis
cussed separately. 

Table 1. 
Selected geochemical analyses from the LMS. 
1 = hornblendite; 2,3 = medium-grained amphibolite (metagabbro?); 4,5,6 = fine-grained amphibolite; 7 = amphibolite with hornblende pheno-
crysts; 8,9 = plagioclase amphibolite; 10,11 = (garnet)-hornblende-biotite-plagioclase schist; 12,13,14 = biotite gneiss; 15 = albite gneiss. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Sanple Ü215 Ü213D Ü367 Ü230 Ü268 Ü411 Ü291 Ü261 Ü424 D252 Ü412 D304 Ü334 U207 Ü253 

Si02 
Ti02 
A1203 
FeO 
HnO 
HgO 
CaO 
Na20 
K20 
P205 
H20 

48.98 
0.12 
3.52 
6.95 
0.23 
18.32 
14.62 
0.37 
0.09 
0.03 
5.77 

53.79 
0.57 
14.63 
7.43 
0.13 
7.97 
8.02 
3.02 
0.19 
0.05 
3.50 

51.53 
2.35 

16.88 
10.58 
0.22 
4.53 
7.41 
2.95 
1.56 
0.18 
1.05 

52.17 
1.41 

14.47 
9.75 
0.21 
7.00 
10.53 
1.91 
0.73 
0.10 
1.21 

51.32 
1.07 

16.11 
8.81 
0.17 
7.61 
9.90 
2.38 
0.95 
0.04 
1.30 

50.18 
1.13 

15.68 
8.65 
0.14 
8.33 
11.29 
2.40 
0.14 
0.09 
1.45 

51.31 
0.66 
15.25 
7.92 
0.22 
8.35 
9.92 
3.34 
0.86 
0.26 
1.73 

56.94 
0.78 
16.59 
6.51 
0.14 
4.03 
7.53 
3.35 
1.55 
0.32 
2.05 

57.22 
0.79 
16.31 
6.82 
0.12 
4.76 
7.93 
3.07 
0.94 
0.41 
1.17 

53.75 
1.21 

13.75 
6.91 
0.10 
6.63 
6.46 
1.99 
4.03 
0.57 
4.01 

53.98 
0.77 

17.28 
6.56 
0.10 
5.01 
7.11 
3.61 
1.47 
0.42 
3.26 

61.57 
0.59 

16.73 
5.15 
0.11 
2.93 
4.91 
3.42 
2.46 
0.26 
1.10 

61.17 
0.99 
16.90 
5.76 
0.13 
1.86 
5.47 
4.79 
1.32 
0.32 
0.88 

70.85 
0.31 
14.95 
2.71 
0.03 
1.35 
3.10 
2.36 
2.10 
0.07 
1.87 

75.73 
0.11 
11.72 
3.38 
0.00 
0.50 
1.57 
5.16 
0.18 
0.00 
0.96 

Total 99.00 99.30 99.24 99.49 99.66 99.48 99.82 99.79 99.54 99.41 99.57 99.23 99.59 99.70 99.31 

Nb 
Zr 
¥ 
Sr 
Rb 
Ba 
Ni 
Cr 
Co 
Sc 

Ta 
Hf 
La 
Ce 
Nd 
SB 

Eu 
Tb 
¥b 
Lu 

0 
5 
7 
26 
0 
10 
125 
2494 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

2 
52 
15 
141 
9 
32 
33 
648 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

4 
78 
30 
182 
181 
491 
15 
83 
32 
44 

0.26 
2.60 
6.36 
18.45 
13.97 
3.20 
1.40 
0.91 
3.34 
0.46 

3 
91 
35 
202 
110 
127 
59 
237 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

2 
56 
33 
172 
148 
183 
104 
416 
53 
52 

0.20 
1.63 
2.00 
11.12 
4.42 
2.50 
1.08 
0.60 
2.76 
0.42 

2 
73 
26 
148 
28 
69 
86 
395 
44 
46 

0.10 
2.04 
2.93 
11.36 
n.d. 
4.68 
1.00 
0.34 
2.74 
0.57 

10 
102 
17 
337 
191 
237 
88 
268 
38 
45 

0.40 
2.84 
21.56 
44.69 
21.01 
n.d. 
1.58 
1.20 
1.53 
0.25 

12 
183 
21 
706 
255 
1010 
27 
45 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

13 
195 
22 
574 
94 
812 
27 
174 
46 
30 

0.84 
5.41 
61.81 
111.03 
52.83 
10.77 
2.20 
1.12 
2.10 
0.28 

20 
379 
25 
258 
493 
1369 
169 
359 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

13 
208 
21 
510 
136 
460 
26 
72 
16 
17 

0.37 
3.64 
9.40 

16 
218 
18 
638 
378 
1644 
29 
53 
13 
13 

0.54 
5.54 

62.66 

18 
273 
29 
490 
167 
781 
13 
122 
12 
13 

0.94 
6.50 

52.59 
109.34 119.75 121.63 
43.83 
11.58 
1.57 
0.27 
1.36 
0.23 

43.13 
9.81 
1.49 
0.27 
2.08 
0.32 

52.91 
5.33 
2.19 
1.02 
2.82 
0.32 

11 
154 
13 
302 
128 
992 
4 

108 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

5 
169 
36 
60 
5 
14 
10 
35 
7 
10 

0.26 
4.36 

20.73 
54.20 
24.07 
6.20 
0.78 
0.35 
3.26 
0.61 
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Table 2. 
Selected geochemical analyses from the UMS. 
1,2 = biotite amphibolite; 3 = prasinite; 4 = chlorite-albite schist; 5,6 = biotite-epidote-albite schist; 7 = muscovite-epidote-albite schist, 8 = 
muscovite-albite gneiss. 

Sample 

Si02 
Ti02 
A1203 
FeO 
MnO 
MgO 
CaO 
Na20 
K20 
P205 
LOI 

Total 

Nb 
Zr 
Y 
Sr 
Rb 
Ba 
Ni 
Cr 
Co 
Sc 

Ta 
Hf 
La 
Ce 
Nd 
Sm 
Eu 
Tb 
Yb 
Lu 

1 
U26 

51.14 
2.08 

15.88 
10.87 
0.20 
5.26 
8.02 
4.23 
0.47 
0.32 
1.67 

100.14 

6 
120 
35 

284 
6 

86 
24 
71 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

2 
U155 

40.27 
1.80 
7.95 

10.09 
0.21 

11.43 
14.23 
0.51 
2.05 
2.52 
7.59 

98.65 

60 
702 
45 

1265 
109 

1549 
202 
692 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

3 
U173 

50.47 
0.84 

17.49 
8.01 
0.13 
5.92 
7.89 
4.12 
1.27 
0.63 
3.36 

100.13 

8 
136 
21 

1163 
50 

896 
26 
77 
42 
32 

0.50 
4.77 

52.47 
107.40 
60.50 
9.80 
2.92 
0.73 
2.06 
0.24 

4 
U96 

48.31 
1.81 

12.99 
8.25 
0.13 
8.02 
6.67 
2.53 
2.40 
0.26 
8.25 

99.62 

34 
133 
23 

183 
98 

630 
188 
329 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

5 
U39 

50.68 
0.65 

15.82 
5.59 
0.13 
2.86 

10.98 
4.69 
1.66 
0.40 
5.70 

99.16 

8 
177 
11 

817 
41 

883 
27 
91 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

6 
U181 

52.87 
0.88 

17.42 
7.37 
0.11 
3.66 
7.69 
3.29 
2.34 
0.47 
3.13 

99.23 

16 
120 
22 

1029 
109 

1436 
15 
98 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

7 
U191 

51.39 
0.70 

20.66 
5.84 
0.09 
2.22 
9.72 
2.31 
2.76 
0.59 
3.25 

99.53 

9 
159 
16 

2195 
105 

1367 
22 
41 
19 
14 

0.52 
5.29 

73.89 
147.77 
59.97 
12.64 
2.61 
0.38 
1.89 
0.26 

8 
U72 

69.94 
0.34 

14.73 
2.18 
0.04 
1.51 
2.08 
4.68 
2.10 
0.12 
2.39 

100.11 

13 
163 
14 

203 
40 

1424 
-2 
49 

n.d. 
n.d. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

It should be noted that the major element values given in 
the text and in the diagrams have been recalculated on an 
anhydrous basis. 

3.1. Lower Magmatic Sequence 
3.1.1. Basic members 

Among the metabasites of the LMS four rocktypes can 
be distinguished: hornblendite, medium-grained amphi
bolite, fine-grained amphibolite and amphibolite with 
hornblende phenocrysts. 

Coarse-grained hornblenditic rocks form small layers 
near the base of the profile (Fig. 2) and are restricted to the 
vicinity of the BSF. In many parts of the mine, but not in this 
particular profile, they are in close connection with the 
coarse-grained amphibolites, interpreted as metamorph
osed pegmatitic gabbros (KRAIGER, 1987). Geochemically, 
the hornblenditic rocks (Tab. 1;1) are characterized by 
low Si02 , contents between 50-52%, Ti02 (0.15%), 

Al2 0 3 (3.5-7 %), Zr (5-8 ppm), Y (7 ppm) but high MgO 
(15-18 %), CaO (11-15 %), Cr (1200-2500 ppm). They 
chemically resemble clinopyroxenites as described by 
BECCALUVA et al. (1984) and HAWKINS (1980). The geologic
al situation combined with petrographical and geochem
ical evidence indicates a cumulate origin (clinopyroxenite) 
for the hornblendites. 

The coarse-grained amphibolites ("Grobkornamphibo-
lite"), former isotropic gabbros, which are widespread in 
the mine and its vicinity, are missing in the particular pro
file investigated. 

Medium-grained amphibolites occurring frequently in 
the LMS (Fig. 2.) are also believed to be at least partly de
rived from former plutonic rocks. From the structural and 
petrographical point of view (KRAIGER, 1989) they are in
terpreted as gabbro-screens. They can be divided into 
two groups: one with low Ti, Zr, Y and high Cr, Ni contents 
(Tab. 1 ;2), the other characterized by high Ti02 (2-2.5 %) 
but low in Cr content (50-82 ppm, Tab. 1;3) indicates 
some Fe- and Ti-enrichment trends. 
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T i / 1 0 0 Fig. 3. 
Ti-Zr-Y diagram for LMS and UMS. 

The fine-grained amphiboiites (LMS) plot in field B (MORB and VAB = volcanic arc 
basalt), all other amphiboiites in B and C (VAB) or outside field C towards the Zr apex. 

Few analyses fall in or close to field D (within-plate basalt = WPB). 
Symbols: LMS: + = fine-grained amphibolite; O = amphibolite with hornblende 
phenocrysts; D = plagioclase amphibolite; A = (garnet)-hornblende-biotite-pla-

gioclase schist. 
UMS: * prasinites; O = biotite-epidote-albite schist; * = biotite amphibolite; 

chlorite-albite schist. 

Fig. 4. I 
Ti-Zr diagram for LMS and UMS. 

The fine-grained amphiboiites (LMS) plot in the 
MORB field, most other volcanic rocks in the field 

of arc lavas and a few chlorite-albite schists and 
biotite amphiboiites in the within-plate lava 

field. 
Symbols: LMS: + = fine-grained amphibo
lite; x = plagioclase amphibolite; O = (gar

net )-hornblende-biotite-plagiocl as e 
schist; D = biotite gneiss (group II). 

UMS: as in Fig. 3; s$? = muscovite-albite 
gneiss. 

Y*3 
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Fig. 5. *-
Zr/Y vs Zr diagram for the LMS and UMS. 
The fine-grained amphiboiites plot in the MORB field overlapping with the IAT (island arc tholeiite) field. Most other analyses plot in the WPB 
(within-plate basalts) field. The line at Zr/Y = 3 separates continental from oceanic arcs (PEARCE (1983). 
Symbols as in Fig. 3. 

The former group is geochemically consistent with publ
ished data from the metagabbros or "Grobkornamphibo-
lite" (HÖLL, 1975; JAHODA, 1984; TRUDU, 1984). The latter 
has a flat REE normalized pattern (Fig. 7a, U367) slightly 
enriched compared with the REE patterns of the fine
grained amphiboiites. The same holds for the rock/MORB 
pattern (Fig. 8a, U367). They resemble the geochemistry 
of MORB and could be interpreted as Fe-Ti-basalts or high 
level gabbros(?) within the MORB-like fine-grained am
phiboiites. 

Fine-grained amphiboiites (49-53 % Si0 2 , Tab. 1 ;4-6) 
are the most important rock type in the LMS (Fig. 2). They 
are tholeiitic in chemistry (with hypersthene or even quartz 
in the CIPW norm). Their high Y/Nb-ratio (>10) confirms 
their tholeiitic character (PEARCE & CANN, 1973). In the Ti-
Zr-Y diagram (Fig. 3), most samples plot in field B, only 
three of the analyses are close to field A. This is consistent 
with an interpretation of these amphiboiites as former 
MORBs or volcanic arc basalts. This plot, developed by 
PEARCE & CANN (1973) in order to discriminate between 
ocean-floor basalts, within-plate basalts and different 
types of island arc basalts, allows no clear distinction be
tween calc-alkali basalts and ocean floor basalts. The 
same is true with the Ti vs Zr diagram (Fig. 4, PEARCE, 
1980) and the Zr/Y vs Zr diagram (Fig. 5, PEARCE & NORRY, 

1979). In both diagrams the analyses plot in the MORB 
field but overlap with the fields of volcanic arc lavas. A very 
useful diagram for distinguishing ocean-floor and oceanic 
island arc basalts is a plot of Ti vs Cr (PEARCE, 1975), in 
which the analyses clearly fall in the field of ocean-floor 
basalts (Fig. 6). 

The geotectonic environment of the fine-grained amphi
boiites is highlighted by use of the REEs. The chondrite 
normalized pattern of the samples (U268 and U411) in 
(Fig. 7a). 

For the same samples the rock/MORB diagram (PEARCE, 
1982, 1983) shows a flat pattern with relative element 
abundances between Ta and Cr close to unity or just be
low (Fig. 8a). Only K, Rb, Ba and Th show a selective en
richment, while Sr is close to a MORB value. It should be 
noted that the enrichment of Rb is significantly more pro
nounced compared with K and Ba, thus forming a Rb 
peak. The Rb peak is typical of the immediate surrounding 
of the scheelite deposit. The samples farther away from 
the mineralization have the lowest relative enrichment in 
these elements similar to MORB like rocks described from 
other localities of the Habach Formation by STEYRER & 
HOCK (1985) and PESTAL (1983). This Rb peak is not ob
served in the UMS. It is restricted to the vicinity of the min
eralization but there it is observed in all rock types (e.g 
fine-grained amphibolite, hornblende-biotite-plagioclase 
schist, biotite gneiss). Therefore, most Rb values and pos
sibly some K, Ba and also Th values can be ascribed to a 
later hydrothermal process. But some primary enrichment 

of the LIL elements due to the origin of the basalts in a 
subduction-related environment cannot be excluded. Tak
ing all data into account the interpretation of the fine
grained amphiboiites as MORBs - possibly with a supra-
subduction zone component - seems to be the most ap
propriate one. 

This is corroborated by the Th-Hfx3-Ta diagram (WOOD 
et al., 1979), where the points plot in the VAB field but are 
less enriched in Th compared with the other rocks 
(Fig. 9). 

One sample of amphiboiites with hornblende pheno-
crysts (U291) differs markedly from the fine-grained am
phiboiites in having significantly higher abundances of 
P205 , Nb, Zrthe LIL-elements and the light REEs (Fig. 7b), 
but are lower in Ti02 and Y (Tab. 1 ;7). Ti-Zr-Y (Fig. 3) and Ti 
vs Zr plots (Fig. 4) exhibit a more calc-alkaline character. 
The geochemical pattern (U291 in Fig. 8b) shows an en
richment of the LIL-elements (apart from the Rb-peak) 
which is distinctly above the range of the fine-grained 
amphiboiites. Th, Ta, Nb, P2 0 5 and Ce are enriched, 
whereas Ti02 , Y and Yb are relatively depleted. The shape 
of the element distribution pattern is similar to that of the 
more intermediate rocks in the LMS (see chapter 3.1.2), 
but the MORB-normalized values are generally lower ex
cept for the compatible elements Sc and Cr. Similar 
features are observed in the rock/chondrite pattern 
(Fig. 7b) with an enrichment of the LREE with respect to 
HREE. The normalized values for the LREE are somewhat 
lower than those of the intermediate members of the LMS 
or the UMS volcanic rocks. Several element ratios such as 
Zr/Ti or Zr/Y combined with the shape of the rock/MORB 
or rock/chondrite patterns argue for a continental island 
arc environment. Such a pattern has been interpreted by 
PEARCE (1982, 1983) in terms of the rock/MORB diagram 
as island arc characteristics superimposed on a within-
plate pattern. 

3.1.2. Intermediate and acidic members 

According to their S i0 2 , abundances the intermediate 
to acidic rocks of the LMS range from 57 % to 79 %. The 
more basic to intermediate rocks are the plagioclase am
phiboiites (57 % Si0 2 , Tab. 1;8,9), (garnet)-homblende-
biotite-plagioclaseschists(54-59 %,Tab. 1;10,11)and in 
part biotite gneisses ranging from 58-63 % Si02 (Tab. 
1;12,13). The more acidic rocks comprise the remaining 
biotite gneisses (67-73 %,Tab. 1;14) and the albite gneis
ses (66- 79 % Si0 2 , Tab. 1 ;15). Despite the wide range in 
the S i0 2 , concentrations between the rocks a gap be
tween 63 und 66 % S i0 2 , is typical. This has also been 
observed by STEYRER (1982) and FRISCH & RAAB (1987). It 
must be emphasized here that most of these rocks show 
some evidence of their intrusive character: they form dis
cordant dikes in the fine-grained MORB-like amphibo-

Fig.6. ^ 
Tivs Cr diagram. 
The fine-grained amphiboiites of the LMS plot in the OFB (ocean floor basalt) field, the plagioclase amphiboiites (LMS) and the prasinites (UMS) in the 
field of volcanic arc basalts (VAB). 
Separation line according to PEARCE (1975). 
Symbols as in Fig. 3. 
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Fig. 7. 
Rock/chondrite patterns of the RE 
elements. 
a) Flat, 10 -20 times enriched REE 

distribution for the fine-grained 
amphibolites (U268 and U411) 
and a relative Fe, Ti-rich me
dium-gra ined amphibol i te 
(U367). 

b) LREE enriched patterns for the 
basic/intermediate, intermediate 
and acidic members of the LMS 
(group II). U291, an amphibolite 
with hornblende phenocrysts 
shows the lowest LREE enrich
ment, all others have approxi
mately 200 times enriched La and 
Ce normalized values. U424: pla-
gioclase amphibolite, U412: (gar-
net)-hornblende-biotite-plagio-
clase schist, U304, U334: biotite 
gneiss. 

c) LREE enriched patterns for the 
UMS. The patterns are almost id
entical with group II patterns of 
the LMS in Fig. 7b. U191 : bio-
tite-epidote-albite schist, U173: 
prasinite. 

lites, or they contain frag
ments of the older rocks 
(KRAIGER, 1989). 

According to their geo
chemistry two groups can be 
distinguished among the in
termediate and acidic rocks 
of the LMS. Group I (2-3 
vol % of the LMS) with a tho-
leiitic character and low K 
contents includes some bio
tite gneisses and the albite 
gneisses (Tab. 1;15). Group II 
with a low Fe/Mg ratio and a 
calc-alkaline character in
cludes the plagioclase am
phibolites, the amphibolites 
w i th hornb lende pheno
crysts, the garnet-hornblen-
de-plagioclase schists and 
the remaining biotite gneis
ses (Tab. 1;8-14). They com
prise approximately 10 to 15 
volume % of the total LMS. 

The geochemical differ
ences between both groups 
are more pronounced in their 
trace element geochemistry. 
The rocks of group I are 
characterized by low Nb, but 
somewhat higher Y concen
trations and consequently 
lower Zr/Y ratios at a given Zr 
content, a lower P2Os x103/Y 
(<6), lower Ti and a higher 
Zr/Nb ratio (>25) compared 
with group ILA plot of Nb vs Y 
(Fig. 10a) is pa r t i cu la r l y 
usefull in demonstrating the 
separat ion between both 
groups. 
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Fig. 8. 
Rock/MORB patterns. 
a) For the fine-grained and medium-

grained amphibolites the patterns 
show a distribution around unity be
tween Ta and Cr. Note the strong en
richment of Rb close to the area of 
mineralization. K, Ba and Th are en
riched. Samples as in 7a. 

b) Zig-zag patterns for group II rocks 
of the LMS with enrichment of the 
elements from Sr to Sm and a deple
tion from Ti to Cr. This pattern is 
typical for island arc volcanics 
erupted on a continental crust 
(PEARCE, 1983). The amphibolite 
with hornblende phenocrysts 
shows less enrichment. Samples as 
in 7b. 

c) Rock/MORB pattern for the UMS. 
The similar zig-zag pattern as in 
Fig. 8b and a similar enrichment 
trend is obvious. Samples as in 
Fig. 7c. 

This diagram has been ori
ginally developed by PEARCE et 
al. (1984) in order to discrimi
nate between different tectonic 
se t t ings of grani t ic rocks . 
Since probably most of these 
intermediate to acidic rocks 
are dikes, the diagram must be 
interpreted with some caution 
according to its original de
signation. All samples (both 
groups) plot in the field of VAG 
(volcanic arc granites). Supra-
subduction zone ocean ridge 
granites (SSZ-ORG) may also 
plot in the same field, close to 
the boundary between ORG 
and VAG. 

For this reason the group I 
rocks are bel ieved to have 
some affinities with SSZ-ORGs 
(plagiogranites), an interpreta
tion which is supported by their 
relatively low K2 O, Rb and Ba 
but high Na2 O compared with 
group II. This results in rock/ 
ORG patterns (Fig. 11) similar 
to ocean ridge granites in the 
sense of PEARCE et al. (1984), 
but d i s t i nc t f rom those of 
VAGs. Their concentration of 
elements such as Nb, Zr, Y, K, 
and Ba are low, but higher as in 
typical plagiogranit ic rocks 
(PEARCE et a l . , 1984). The 
values are comparable with 
some rhyolites from the Alley 
unit (r i f t ing event) in Oman 
(ALABASTER et al., 1982), which 
also show some enrichment of 
these elements. Again the high 
Rb contents and possibly the 
Th and Ce anomalies in the 
rock/ORG pattern of sample 
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Fig. 9. 
Th-Hfx3-Ta diagram according to WOOD et al. (1979). 
All analyses plot in the field of VAB (volcanic arc basalt). The fine-grained amphibolites 
(thin crosses) show the slightest enrichment in Th. As other element concentrations 
and ratios are indicative of a MORB character, the Th enrichment can be interpreted as 
of secondary origin. All other analyses plot on the Th-rich side of the VAB field. 
Symbols: LMS (group II): x = plagioclase amphibolite; O = amphibolite with horn
blende phenocrysts; D = biotite gneiss. 
UMS: • = prasinite; • = biotite-epidote-albite schist. 

U235 could be due to some later hydrothermal events re 
lated to the mineralization. On the other hand a clear-
cut fractionation model (e.g. an amphibole-plagio-
clase-magnetite fractionation), which would lead 
directly from the MORB-like fine-grained amphibo
lites to the group I gneisses cannot be modelled. 

As mentioned above, group II is clearly separ
ated from group I rocks by several element con
centrations and element ratios, but on the oth
er hand there is no difference to equivalent 
rocks from the UMS as shown below (chapt. 
3.2). This is true for the major elements as 
well as for most of the trace elements ex
cept for Rb, which is selectively en
riched in the mineralized area. 

In the conventional trace element 
plots such as Ti-Zr-Y (Fig. 3) the Ti 
vs Zr (Fig. 4) or the Ti vs Cr 
(Fig. 6), they plot in or close to 
the fields of volcanic arc ba
salts. In the Ti vs Zr diagram they form a trend with increas
ing Zr and decreasing Ti similar to that described by SEE
MANN & KOLLER (1989), probably due to the incoming of 
magnetite as fractionated phase. This is also documented 
in the Ti-Zr-Y diagram, where the analyses plot towards 
the Zr apex. This relative enrichment in Zr has also a bear
ing on the Zr/Y vs Zr diagram (Fig. 5), where the same ana
lyses plot in or close to the within-plate field. In the Th-
Hf x3-Ta diagram (WOOD et al., 1979) the analyses plot on 
the Th-rich side of the field for magmas from destructive 
plate margins (VAG field in Fig. 9). In the AFM diagram 
(Fig. 12) the group II magmas form, together with the lavas 
from the UMS discussed below, a broad array following a 
calc-alkaline trend. 

All LIL elements in the MORB-normalized element pat
terns of the basic-intermediate and intermediate rocks 
(U291, 304, 334, 412, 424 in Fig. 8b) are significantly en
riched, as are Ta, Nb, Zr, P, Hf, Sm while Ti, Y, Yb and the 
compatible elements Cr and Sc are depleted. The enrich
ment and depletion respectively is less pronounced in the 
more basic rocks such as U291 compared with intermedi
ate and acidic compositions. This is due to a higher de
gree of fractional crystallization of clinopyroxene, amphi-
bole and plagioclase in Si02-r ich volcanics (PEARCE & 
NORRY, 1979). 

The REE normalized patterns (Fig. 7b) are characterized 
by a 150-200 times enrichment of the LREE and a relative 
depletion of the HREE. Again, the most basic sample 
U291 shows a small enrichment but the same general 
shape. All these features including the high Zr/Y ratio (>6) 
argue for calc-alkaline high K-basalts and andesites 
which originated on a continental island arc (EWART, 1982; 
PEARCE, 1982, 1983). For this reason the intermediate to 
acidic rocks of group II in the LMS are best interpreted as 
calc-alkaline to high-K continental island arc magmatic 
rocks. 

Hf/3 

3.2. Upper Magmatic Sequence 
and "Habachphyllitentwicklung" 

Among the rocks of the UMS and the overlying HPhE six 
rock types, which are thought to be of magmatic origin, 
have been investigated geochemically: biotite amphibo
lite (45-53 % S i 0 2 , Tab. 2;1,2), prasinite (49-59 %, 
Tab. 2;3), chlorite-albite schist (51-60 %, Tab. 2;4), bio
tite-epidote-albite schist (59-53 %, Tab. 2;5,6), musco-
vite-epidote-albiteschist (51-66 %,Tab. 2;7)and musco-
vite-albite gneiss (69-73 % Si02 , Tab. 2;8). 

The overall Si02 -content ranges broadly from 45 to 
74 %, although there is again a gap between 62 and 67 %. 
The almost complete absence of volcanics in this S i0 2 , 
range (dacitic to rhyodacitic rocks) has already been re
cognized (STEYRER, 1982; PESTAL, 1983) and seems to be 
significant for the metavolcanic rocks of the Habach For
mation (see also chapt. 3.1.2). 

3.2.1. Basic and basic/intermediate members 

As can be seen in the AFM-diagram (Fig. 12), the sam
ples with a Si02 , content < 56 % scatter broadly around a 
calc-alkaline trend as the group II magmas from the LMS. 
According to their relatively low Y/Nb ratios, varying with a 
few exceptions from .6 to 6 , combined with a very low 
Zr/P205 x104 ratio (.025 to .050) most of these rocks can 
be classified as transitional between tholeiites and alkali-
basalts (PEARCE & CANN, 1973; FLOYD & WICHESTER, 1975; 

PEARCE, 1982). The variable but generally lower Zr/Nb ratio 
(7-20) compared with the metabasalts from the LMS is 
consistent with this classification (ERLANK & KABLE, 1976; 
PEARCE & NORRY, 1979). 

On the Ti vs Zr diagram (Fig. 4) most samples show a 
decrease of Ti with increasing Zr content, indicating a 
fractionation process involving magnetite. In the most 
acidic volcanic rocks e.g. the muscovite-albite gneisses, 
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Fig. 10. 
NbvsY diagrams. 
a) NbvsY diagram for the LMS. 

Two groups within the intermediate to acidic rocks in the LMS can be identified. I: group I, low in Nb (VAG field close to ORG); 11: group II, high in Nb 
(VAG field close to WPG). 

b) NbvsY diagram for the UMS. 
The intermediate to acidic rocks of the UMS plot in the same area as group II in the LMS. 

Symbols as in Fig. 4, open triangles: albite gneiss VAG: volcanic arc granite; WPG: within-plate granite; ORG: ocean ridge granite. 

K Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb 

Fig. 11. 
Rock/ORG pattern of acidic members of group I rocks in the LMS. 
The flat patterns argue for an oceanic origin of these rocks (plagiogranites ?) 
U253: albite gneiss; U374: biotite gneiss. 
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Fig. 12. 
AFM diagram of group II rocks of the LMS and the UMS. They form a broad calc-alkaline 
trend. 
Symbols as in Fig. 4. 

FeO 

Zr and Ti decrease simultaneously indicating the incoming of 
biotite and/or amphibole as fractionating phases (comp, also 
SEEMANN & KOLLER, 1989). Only few amphibolites and one 
chlorite-albite schist do not follow this trend, being distinctly 
enriched in Ti and/or Zr. Apart from these exceptions the 
fractionation trend observed in the Ti/Zr diagram and the 
distribution of the analyses in the Ti-Zr-Y triangle 
(PEARCE & CANN 1973) and the Ti vs Cr diagram 
(PEARCE, 1975) are consistent with the classification 
as calc-alkaline basalts (Fig. 3 and 6). In the Zr vs 
Zr/Y-diagram (Fig. 5) according to their high Zr/Y 
ratio most of the samples plot in the field of with-
in-plate basalts. This plot produces a very ef 
fective discriminant between basalts from 
oceanic arcs and basalts erupted at active 
continental margins (PEARCE, 1983). 
Oceanic-arc basalts plot in the original 
island arc tholeiite field, whereas con 
tinental-arc basalts plot towards 
higher Zr/Y ratios, i.e. in the origin
al within-plate field indicated by 
the horizontal line at a Zr/Y ratio 
of 3. 

The strong increase of the Zr/Y ratios from 4 to >12 is 
not only restricted to the UMS but has been noted already 

Na70+K?0 

* 

MgO 

by STEYRER & HOCK (1985) and can be observed also in 
some data sets published by FRISCH & RAAB (1987). 
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Fig. 13. 
Rock/MORB diagram for two rocks from the UMS. 
They show hump patterns unlike those in Fig. 8. This distribution is more typical of a within-plate environment (PEARCE, 1982). The different enrich
ment could reflect a tholeiitic and alkaline within-plate character respectively. 
U26: biotite amphibolite; U96: chlorite-albite schist. 

92 



Normalized against an average MORB (U173, U191 in 
Fig. 8c), the elements exhibit a characteristic zig-zag pat
tern distinctly enriched from Sr to Sm (PEARCE, 1983). The 
enrichment of the LIL-elements and of P are believed to be 
typical of calc-alkaline to shoshonitic island arc volcanic 
rocks (PEARCE, 1982). However, the 2 to 5-fold enrichment 
of Nb and Ta as the 1.5 fold enrichment of Zr can not be 
explained as "subduction component". Nb, Ta, Zr and Hf 
are assumed by PEARCE (1983) to be derived for the most 
part from a trace element enriched metasomatized sub
continental lithosphere and can be characterized there
fore as "within-plate component". This pattern combined 
with the strong enrichment of Nb and Ta relative to Zr and Y 
resulting in the relatively low Y/Nb and Zr/Nb ratios re
spectively indicates an origin of the basalts and basaltic 
andesites in a continental island arc environment. 

Rock/MORB patterns of some of the biotite-rich amphi-
bolites from the (JMS, e.g. U155 in Tab. 2;2 are similar to 
those of continental island arcs described above, but are 
shifted towards higher absolute abundances. This indic
ates a greater contribution of the enriched subcontinental 
lithosphere to the melt. Due to the high K2 O-values of the 
metabasites and their enriched patterns, they may be 
classified as absarokites (basaltic rocks of shoshonite 
series, PECCERILLO & TAYLOR 1976). 

On the other hand, two samples (one amphibolite U26 
and one chlorite-albite schist U96 from the HPhE in 
Tab. 2;1,4) show characteristics of within-plate basalts 
(Fig. 13) with the typical "hump" pattern observed in many 
tholeiitic and alkalic basalts (PEARCE, 1980,1983). Accord
ing to their different degree of enrichment highlighted by 
the varying Y/Nb-ratio, they can be interpreted as alkaline 
(U96) or as tholeiitic (U26) within-plate basalts. 

3.2.2. Intermediate and Acidic Members 

As mentioned above, the intermediate to acidic rocks 
from the UMS and the HPhE split up into an andesitic 
(56-60 % Si02) and a rhyolitic (68-74 % Si02) group. The 
andesites exhibit relatively high concentrations of Sr.Rb, 
Ba, P, Ni and Cr as well as high ratios for Zr/Y, Rb/Sr and 
Ba/Sr, whereas Y, K/Rb and K/Ba are relatively low. Ac
cording to the compilation by BAILEY (1981), such a geo-
chemical pattern would be consistent with andesites 
formed at a continental island arc. The geochemical com
position of the rhyolitic group shows similar characterist
ics and can be better compared with rhyolites derived 
from a continental island arc (e.g. North Central America, 
CARR et al., 1982), than with those formed in an oceanic 
island arc regime (e.g. Oman, ALABASTER et al., 1982). Fin
ally it should be noted, that the andesites and rhyolites 
plot in the same area as group II of the intermediate to 
acidic rocks in the LMS on a Nb vs Y diagram (Fig. 10b), 
thus supporting a close geochemical relationship be
tween both groups. 

4. Discussion 

Comparing the petrographic (KRAIGER, 1987, 1989) and 
the geochemical results presented in this paper, it becom
es clear that the two magmatic sequences originated from 
two different tectonic settings. The protoliths of the fine
grained amphibolites (LMS) resemble ocean floor basalts 
and probably formed in a subduction influenced marginal 
oceanic basin. This is indicated by the concentrations of 
Ti, Zr, Hf, Nb, Ta, P2 0 5 , Y, Cr and the flat REE pattern. 

The enrichment of the LIL elements apart from the Rb-an-
omaly points towards a subduction influence. The occur
rence of intercalated gabbroic rocks (medium-grained 
amphibolite) and of cumulate clinopyroxenites (horn-
blendites), combined with the overall geochemical unifor
mity of the fine-grained amphibolites indicates a subvol-
canic origin of these rocks (see also KRAIGER, 1989). This 
interpretation is supported by the occurrence of similar 
rocks in the Habach valley, W of the scheelite mine where 
remnants of chilled margins are still visible. Among the 
dike rocks, the mostly acidic rocks of group I might be 
interpreted with caution as plagiogranite. For this reason 
the LMS is believed to be a remnant of a sheeted dike 
complex. However, the majority of the intermediate to 
acidic rocks of the LMS (group II) can not be derived from 
an ocean ridge magma. They are calc-alkaline in their geo
chemical composition and represent rather a separate 
magmatic evolution corresponding to a later continental 
island arc magmatism. These calc-alkaline rocks are 
thought to be intrusive in character, forming dikes rather 
than volcanic layers. Apart from the general considera
tions regarding the intrusive character of the LMS rocks 
and their calc-alkaline intercalations, this idea is sup
ported by a few discordant dikes and inclusions of basic 
country rocks in the intermediate to acidic members. 

The UMS, resting unconformably on the LMS, is com
posed of basic to acidic metavolcanics and contains only 
minor metasediments. Restricted to the uppermost sec
tion (HPhE) different types of metasediments, such as 
phyllites and quartzites, predominate over rare metavol-
canic rocks. Geochemically, the metavolcanics of the 
UMS resemble calc-alkaline to shoshonitic volcanic rocks 
ranging from basaltic to rhyolitic in compositions. Their 
chemical signature over the whole range of S i0 2 , values 
points uniformly to a continental island arc environment. 
This contrasts markedly with the tectonic setting of the 
former LMS basalts, but is consistent with the intermedi
ate to acidic dikes in the LMS. Comparing the geochemi
stry, different element ratios and spider diagrams (rock/ 
chondrite; rock/MORB) of the UMS with group II magmat
ic rocks in the LMS as exemplified in Fig. 7 b,c, and Fig. 8 
b,c. it becomes obvious how close both volcanic series 
are related to each other. Even in the absence of reliable 
age determination this suggests a close genetic connec
tion. The magmatic activity in the UMS has probably end
ed with the eruption of basalts of within-plate character, 
forming thin layers of amphibolites in the HPhE. 

It should be noted finally, that FRISCH & RAAB (1987) re
port geochemical analyses of metabasites and metaande-
sites of the Habach Formation (Tauernkogel, Weinbühel) 
that compare well with the calc-alkaline rocks of the LMS. 
These authors believe the concentrations of Ti, P and Zr to 
be of secondary origin, due to passive enrichment during 
deformation and recrystallization. However, detailed pe
trographic investigations by KRAIGER (1987, 1989) have 
shown that: 

1) There are no differences in deformation such as shear 
zones between the tholeiitic and the calk-alkaline 
rocks of the LMS, and 

2) higher abundances of P and Ti are probably related to 
higher primary contents of Ti-rich clinopyroxenes or 
Ti-amphiboles, which can be observed as pseudo-
morphs containing epidote, sphene and apatite inclu
sions. 

Moreover, a passive 2-5 times enrichment of sphene, 
apatite and zircon by the mechanism proposed by FRISCH 
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& RAAB (1987) should have led to extreme modif icat ions in 
the major element contents, which is not observed. On the 
contrary, it could be argued that the chemically modif ied 
rocks of FRISCH & RAAB (1987) also represent rocks of a 
continental island arc. 

5. Conclusions 

According to the petrographic and geochemical fea
tures descr ibed above, the fol lowing two-s tage genetic 
model is proposed. 

In the vicinity of an older cont inental margin, a marginal 
basin has been formed, of which the hornblendites, the 
med ium- and f ine-grained amphibol i tes and group I rocks 
of the LMS (possible d ismembered ophiolites) are thought 
to represent the floor. According to U/Pb dat ing of some 
amphibol i tes from the LMS by v. Q U A D T (1985, 1992), the 
formation of this basin could have taken place in the range 
of 535-500 Ma. During the subsequent closure of this 
ocean basin, the crust was techn ica l l y sl iced and in part 
emplaced onto the continental crust. Furthermore, vol 
canic rocks of a continental island arc origin were depo
sited on, and in part intruded the older oceanic crust 
(LMS). The former build up the UMS today, the latter re
present the calc-alkal ine intrusive parts of the LMS. The 
decrease of volcanic rocks and the increase of sedimen
tary rocks in the uppermost part of the sequence (HPhE) 
mark the end of the subduct ion process responsible for 
generating the calc-alkal ine magmat ism interpretated as 
arc magmat ism. Finally, small amounts of wi th in-plate ba
salt were erupted, whose composi t ion was influenced by 
the subcont inental l i thosphere. 

This model is based on the close geochemical similarity 
of the volcanics of the UMS with group II (probably intru
sive) intermediate to acidic rocks of the LMS and assumes 
a close genetic relationship between both magmatic se
quences. The model therefore implies that the continental 
island arc sequence as a whole is younger than the ophio
lites. This is obviously not in agreement with the paleonto-
logical f indings by REITZ & H Ö L L (1988), who descr ibed 
acri tarchs of probably Vendian age from the Habach phyl-
lites (HphE). Field evidence suggests a close relationship 
between the Habach phyll ites and the UMS especially in 
the Habach valley (STEYRER, 1983; PESTAL, 1983). As a con
sequence the UMS should be of Upper Proterozoic age 
also. BRIEGLEB (1991) postulated an evolution model in 
some respects similar to the one presented here but ar
guing that the two calc-alkal ine sequences in the LMS 
(group II) and the UMS respectively are of different age (the 
first being signif icantly younger and thus not related 
genetically to the second). 

VAVRA (1989) and VAVRA & HANSEN (1991) presented 

some evidence based on U-Pb dat ing that the UMS, at 
least in the area of the Habach valley and the Felber valley, 
is much younger than Upper Proterozoic and formed in the 
t ime range of the Variscan magmat ism. This is based on a 
334 Ma U-Pb age of a high-K metarhyoli te from the Ha
bach valley. The Variscan age is corroborated by two own, 
yet unpubl ished analyses from leucocratic gneisses (me-
tarhyolites) with an U-Pb age of 350-360 Ma. The samples 
were taken from the Felber valley and the Hollersbach val
ley. Clearly more age data on the Habach Formation as a 
whole are needed for a consistent geodynamic interpre
tat ion. At the present stage the presented model seems to 
fit the data best. 
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