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SCHWEIZ. MINERAL. PETROGR. MITT. 69,407-421, 1989

Pre-Hercynian magmatism in the Eastern Alps: the origin of
metabasites from the Austroalpine basement

by Stefano Poli!

Abstract

The paper concerns with the nature of metabasites from the Austroalpine crystalline basement. The meta-
basites furnish fundamental information on the pre-Variscan history of the Austroalpine terrain as they were
metamorphosed in the amphibolite facies by the Hercynian orogenesis.

Major and trace element analyses (including REE, Ta, Nb, Zr, Y) were carried out on 60 selected meta-
basites from the Southern Oetztal and Languard-Campo units of the Central Austroalpine crystalline basement.
The alkaline and alkaline-earth element mobility and, when necessary, the sedimentary contamination were
qualitatively assessed by interpreting the petrographic data (e.g. carbonates) and the self-consistency of mantle
normalized patterns.

At least three magmatic series were recognized :

~ NNW metabasalts (Roja, Melag, Central Venosta and Passiria valleys) have high TiO, (1.8%-2.7%), high
Ta/La and Z1/Y ratios. These data demonstrate their affinity to the Within Plate Basalts. This conclusion is
strengthened by a 15%-20% equilibrium partial melting model of a garnet-bearing mantle source.

~ Mt. Vertana metabasalts have low TiO, (1%-1.3%) and relatively high A1 O, (16%-17%). Their calcalka-
line affinity is substantiated by Ta, Nb, P negative anomalies. These same features are apparently shared by the
least fractionated (Cr=440 ppm) samples of Pennes gabbro body.

- Very low TiO, value (0.4%-1%), distinct Ta, Nb, P and Hf negative anomalies, LREE enrichment coupled
to HREE depletion lead to the conclusion that the Fleres meta-andesites were directly related to destructive
plate margins.

The coexistence of anorogenic and orogenic magmatism in the QOetztal-Campo basement can be alternatively
referred either to the tectonic evolution from a distensive to a compressive plate margin or to the coeval emission
in a marginal or back-arc basin. The apparent lack of Ocean Floor Basalts, the affinity of NNW metabasites to
Within Plate Basalts and the very limited volume occupied by the metabasites within the metapelitic Austroal-
pine basement suggest that there was no development of a large ocean basin prior to the Hercynian orogenesis.
On the basis of existing data, the Fleres andesites may represent either a pre- or a sin-Hercynian magmatic event.

Keywords: Amphibolites, bulk rock chemistry, trace elements, geodynamics, pre-Hercynian, Austroalpine.

Introduction (pre-)Palaeozoic geodynamics in the Austro-

alpine domain. Early Palaecozoic («Caledonian»)

Hercynian metamorphism and, locally, Al-
pine overprint have greatly complicated the re-
construction of the pre-Variscan history of Aus-
troalpine crystalline basement (GREGNANIN and
Piccirio 1972, 1974; GREGNANIN  1980;
FraNK et al. 1987a).

Investigation of the igneous rocks within the
basement has improved the knowledge of the

acid magmatism in the Eastern Alps is recorded
by Upper Ordovician granitoids, dated ~450-440
m.y. (Sassi et al., 1985), and by rhyolitic «por-
phyrites» (BEeLLIENT and Sassi, 1981). Apart
from the MoGESSIE et al.'s (1985) investigation
of some basic intercalations in the metamorphic
basement of Oetztal-Stubai complex, very few
chemical data are available for mafic rocks,

! Dipartimento Scienze della Terra, Via Botticelli 23, 1-20133 Milano, Italy.
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especially on the Southern Oetztal and Geological framework
Languard-Campo units of the Austroalpine do- ) _
main. The area investigated (Fig. 1) is a part of the

In this study, basic rocks, mainly metamor- Oetztal-Campo crystalline basement of the Up-
phosed in the Hercynian amphibolite facies, are per Austroalpine unit (DAL Piaz, 1936). The
considered. Field study, petrography and major pre-Permian metasedimentary Oetztal-Campo
and trace element (including Reg, Ta, Nb, Zr basement, between the Tonale-Giudicarie line
and Y) analyses allowed us to select some ig- and the northern Italian frontier, is divided, ac-

neous bodies and to make some inferences about ~ cording to GREGNANIN and Picciriiio (1972,
their genesis. 1974), into two main complexes. The deepest ter-

Fig. I Geological sketch map of the Austroalpine domain studied (after GregNnaNIN, 1980). A = sedimentary
Austroalpine cover; B = pre-Permian phyllites; C = Schneeberg crystalline; D = Oetztal-Campo-Tonale compiex;
E = Lower Austroalpine crystalline; F = Southalpine domain; G = periadriatic intrusions; H = Pennine domain;
I = amphibolitic bodies; J = tectonic lines; K = italian boundary line. Numbers represent sample locations, Labels
in parentheses in the following list refer to sample labels in Tables. 1 - Roja valley (ROJI); 2 - Melag valleys
{MEL); 3 - Burgusio (Bur and CLu); 4 - Mt. Zerzerkopfl (ZE); 5 - Central Venosta valley (LASA and COV); 6
- Laces (LAC); 7 - Timmel valley (TUM); 8 - Moso, Passiria valley (MOS); 9 - Mt. Vertana (VERT and
VMARY); 10 - Pennes valley (COBI); 11 - Fleres valley (FLE); 12 - Elzenbaum (ELZ); 13 - Zebri valley (VZ); 14
- Camonica and Sole valleys (VMS, MAS and 78T).
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rain is represented by the "banded paragneisses”
(BAGGIO et al., 1971) which are the result of the
metamorphism of a flysch-type series, with inter-
calations of basic rocks, granitoids and pegma-
tites. The upper complex, the "phyllites s.L.", is
mainly pelitic with minor amounts of basic rocks
and granitoids. The boundary between these two
formations is transitional (the "silver mi-
caschists") and it is characterized by the presence
of marbles, often associated with amphibolites
and quarzites.

According to GREGNANIN (1980), both the
banded paragneisses and the phyllites have the
same metamorphic history. FRANK et al. (1987b)
report whole-rock ages on orthogneisses of 450-
420 m.y. (Caledonian magmatism) and Rb/Sr
mica ages ranging from 350 to 10 m.y. (Her-
cynian and Alpine orogeneses). The upper ther-
mal limits reached in the Hercynian are recorded
by the Winnebach migmatite in the northern
Oetztal complex (Hoinkes et al., 1972) and by
the sillimanite + muscovite + plagioclase assem-
blage in the Campo complex (GREGNANIN and
PicciriLLO, 1972). The Alpine event was marked
by a widespread retrogression of staurolite to
chloritoid and. locally (in the Texelgruppe,
FrANK et al., 1987a), by a second generation of
staurolite.

The overprinting of two (GREGNANIN and
PicciriLLO, 1974) or three (FRANK et al., 1987a)
pre-Alpine (probably Hercynian) phases of de-
formation caused the kilometre-scale folds,
which have steep fold-axes, known as the
«Schlingentektonik» or «Vortex tectonic» (SAN-
DER, 1912). The Alpine metamorphic event is as-
sociated with a subordinated deformation phase.

The metabasites under consideration are con-
formably inter-bedded with banded paragneisses,
silver mica-schists and phyllites. Since all of these
rocks were metamorphosed by the Hercynian
event, the metabasic layers have been emplaced
in pre-Hercynian times.

Mineral assemblages are usually rather uni-
form and comprise amphibole (hornblende and/
or actinolite) + plagioclase + epidote + quartz
chlorite + garnet + biotite (COMMON
assemblage, LAIRD and ALBEE, 1981). Metamor-
phic diopside (unpublished electron microprobe
data) was found in amphibolites of the Tonale
series and in Mt. Vertana metabasites. Relic ec-
logite assemblage (garnet 20% pyrope, clinopy-
roxene 25% jadeite, clinozoisite, barroisite) is
recorded in the amphibolites at Moso in Passiria
valley. Within the Oetztal-Campo crystalline ba-
sement, the Pennes gabbro (Fig. 2) provide the
only good example of preserved magmatic textu-
res. Sample locations are given in Fig. 1.

Fig. 2 A rare example of relic magmatic textures in
pre-Hercynian metabasites from the Austroalpine ter-
rain: a slightly deformed plagioclase orthocumulate
from Pennes gabbro.

Analytical techniques

The samples were ground in an agate mortar.
Na,0, K,0, MgO and MnO were determined by
Atomic Absorption Spectrometry (AAS), while
SiO, AlO,, Fe,O,, CaO, TiO, and P,O, were de-
termined by X-Ray Fluorescence (XRF). FeO
was obtained by titration with KMnO,

Trace elements were measured using the fol-
lowing methods:

a) XRF for V, Cr, Rb, Sr, Y, Zr, Nb on
glasses using LiBO, as a flux. Twenty certified
international standards plus synthetic standards
were used in order to calculate the corrections
for matrix effects. The analytical errors are es-
timated at 10%.

b) Instrumental Neutron Activation Analysis
(INAA) for Sc, Cr, Co, Cs, Ba, La, Ce, Nd, Sm,
Eu, Tb, Yb, Lu, Hf, Ta, Th, U at the Centre des
Faibles Radioactivités (Gif sur Yvette, France).
Samples were held in ultrapure silica capsules
and were irradiated with a flux of 2 x 10" n cm ~
¢! for 25 min, at the Osiris reactor (Centre
Etudes Nucléaires, Saclay, France), using GSN
and BEN standards. The uncertainties are : Sc,
Co. Cs. La, Ce, Sm, Eu, Tb, Yb, Hf, Ta and Th
10%: Cr, Ba, Nd and Lu 15%; U 20%.

The results of 46 selected determinations of
major and trace elements by XRF and AAS are
reported in Tab. 1; trace elements by INAA on
15 selected samples are listed in Tab. 2.
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Tab. 1 Major and XRF trace element composition of metabasites from the Austroalpine domain. Keys refer to
location of samples in Fig. 1 (see caption):
a) NNW amphibolites - A in figures.

Sample ROJ 2 ROJ 3 MEL1 MEL 4 MEL 5 MELE BURS3 BURS BURT BURE CLU
Key 1 i 2 2 2 2 3 3 3 3 3
§i02 48.90  47.00 48,00 48.45 46.10 47.70 43,80 49.00 45.85 47.00 47.80
TiO2 2.63 2.37 1.75 2.07  1.85 1.52 1.97 2.56 2.03 1.94 2.10
Al20s 14,10 18,30 16.00 15.00 19.10 18.80 14.20 13.90 14.80 15.70 16.90
Fe203 3.04 4.83  0.76  0.00  4.01 1.43 2.53 .57  2.30  2.12  2.78
Fe0 8.74 3.39 10.01 10,30 5.93 7.35 7.71 8,57  8.28  8.17  8.44
MnO 0.23 0.16 0.20 0.23 0.17 0.12  0.24 0.21  0.18 0.18  0.28
Mg0 6.58 2.33 6.79  6.79  6.67 4.50  4.47 6.14 7.52 8.22  4.70
Ca0 10.30  10.26  9.47 10,45 8.60 10.08 11.31 8,07 11.08 10.50  §.77
Na 20 2.35 4.15 2.81 3.41 3.52 3.34 3.66 4.21 2.97 2.90 3.87
K20 0.75 1.81 1,22 0.42  0.75 1.53 0.89  0.52  0.59 0.58 0,99
P20s 0.27 0.60 0.19  0.21 0.21 0.14 0.26 0.25  0.25 0.21 0.17
H20+ 2.32 4.43 2.70  2.21 2.62 3.13 7.07 2.64 3.94 2.22 3.01
Total 100.11  99.63 98.89 99.54 99.43 99.64 98.11 99.63 89.77 99.74  99.81
Mgv 54.0 43.7 54.0 54.0  61.1 50.3 47.7 52.2 59.3 61.9  46.7
Cr 178 140 300 310 129 142 71 81 241 283 301
Rb 25 49 49 10 21 48 18 8 16 16 26
Sr 218 520 219 176 273 356 221 170 206 207 274
Y 38 28 31 28 22 21 20 27 29 32 32
Zr 173 250 183 147 104 112 118 181 149 158 160
Nb 9 55 11 15 8 12 20 18 12 9 10
Sample ZE 1 ZE 5  LAC1 LAC 2 LACZB TUM 1 TUM 2 MOS 1 MOS2 MOS 3 MOS 4
Key 4 4 [ 6 6 7 7 8 8 8 8
5i02 47.65 46.35 48.10 48.70 47,40 47.10 49.60 48,50 46.40 47.30 49.00
TiOz 1.74 2.22  2.27 2.33 2.03 2,10 1.59 1.90 1.77 1.11 1.81
Al1203 16.39  14.15 16.04 16.45 16.26 15.75 17.49 15.05 15.58 16.20 15.Q0
Fe203 1.50 0.77 6.09 3.33  2.48 2.72 0.66 2.7 1.36 1.73 4.07
FeO 8.53 9.68 6,36 8.70  8.35 7.65 8.62 7.37 8.14 8.08  6.62
Mno 0.18 0.19 0.22  0.22  0.20 0.21 0.11 0.18  0.20  0.15 0.21
Mgo 6.60 6,29 4,08 3.90 6,39 4.43 7.76 7.03 4.92 5.26  6.90
Cao 10.58 12,12 9,32 9.06 10.85 11.12 6.80 10.43 12.26 11.45 10.14
Na20 3.22 2.72 4.13 4,21 3.10 4.49 3.39 3.51 2.85 3.563 3.73
K20 0.75 1.01 0.58 0.57  0.46 0.28 1.33 0.17 0.63 0.91 0.20
P20s 0.27 0.28  0.27 0.22  0.28 0.22 0.16 0.20  0.26 0,10 0,24
H20+ 2.40 3.66 1.68 1.59 1.77 3.30 2.15 1.32 4.63 3.78 1.72
Total 99.81 99.44 99.14 100.28 99.66 99.37 99.66 98.38 99,19 99.50 99,74
Mgv 56.3 52.9 45.2 40.9 54.9 47.4 60.9 59.7 49.7 51.6 59.8
cr 278 265 309 345 347 323 177 270 319 274 206
Rb 18 24 14 19 10 3 55 2 16 27 5
Sr 291 350 188 214 281 249 212 207 236 180 239
Y 21 26 27 36 29 28 30 24 28 35 29
Zr 121 161 145 182 158 147 148 127 145 162 158
Nb 24 23 9 12 16 11 6 12 12 13 14
b) Vertana amphibolites - @ in figures.
Sample VERTZ2 VERT3 VERT4 VERTE VERT6 VMARI VMARZ VMARE VMAR9  VMA1Z2
Key 9 9 9 9 9 9 9 9 9 9
8i02 46.85 46,23 48,70 49.30 48.20 44.80 46.45 49.90 49.40 48.05
TiO2 1.47 1.08 i.11 1.86 1.14 1.18 1.11 1.04 1.65 1.26
Al 203 16.05 16.20 16.00 14.45 16.70 15.75 16.96 16.50 16.50 16,90
Fe20s 1.63 1.33 0.80 1.73 1.60 1.08 1.52 0.74 0.74 0.61
FeO 8.13 9.13 10.08 8.89 8.37 8.69 8,33 8.65 8.68 10.256
MnO 0.19 0.19 0.20 0.16 0.15 0.18 0,20 0.16 0.17 0.186
Mg0 4.72 8.563 7.12 6.45 5.09 7.61 7.08 6.93 7.85 4.92
Ca0 12,48 12.22 10.34 11.58 14,23 14.05 13.05 9.66 10.87 12.45
Na20 3.53 1.94 3.33 2.95 2.82 2.05 2.30 3.69 2.96 3.00
K20 0.49 0.59 0.28 0.42 0.29 0.55 0.22 0.46 0.1€ 0.51
P20s 0.21 0.07 0,06 0,18 0.11 ¢.08 0.07 0.08 6.07 0.08
H20+ 3.93 2.56 1.71 1.89 1.78 3.90 3.35 1.85 1.51 1.40
Total 99.68 100.07 99.73 99.86 100.48 99.80 99.64 99.66 99.9¢6 99.59
Mgv 48.9 61.1 54.9 64.5 50.1 59.4 68.5 658.0 60.9 45.5
Cr 212 322 311 316 238 255 261 275 307 11
Rb 12 33 7 14 5 20 9 16 5 4
Sr 286 163 286 227 294 231 262 212 257 329
Y 21 26 23 24 23 21 22 22 22 24
Zr 124 92 105 133 95 108 90 93 81 116

Nb 14 4 4 14 6 4 4 5 4 7
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c¢) Pennes metagabbro - % in figures.
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Sample COBI1 COBI3 COBI5 COB13A COB1§ COB18 COB19
Key 10 10 10 10 10 10 10
5102 48.75 49.50 50.00 50.40 46.63 50.04 46.62
TiO:2 0.19 0.18 0.68 0.35 1.34 1.01 1.28
Al203 19.10 17.46 15.65 19.90 14,25 18.53 14.52
Fez03 0.00 0.42 0.04 5.75 12,13 10.72 11.96
FeO 6.47 6.06 8.34 0.00 0.00 0.00 0.00
Mno 0.11 0.11 0.19 0.10 0.20 0.20 0.1%
Mg0 9.51 10.00 8.84 7.55 9.20 5.25 8.54
Ca0 9.59 10.02 11.25 11,16 13.04 9.32 12.86
Na20 3.17 2.41 2.30 2.62 2.08 3.24 2.22
K20 0.50 0.62 0.34 1.20 0.07 0.67 0.06
P20s 0.02 0,02 c.02 0.02 0.02 0.17 0.02
Hz0+ 2.47 2.76 2.00 1.94 1.18 1.10 1.29
Total 99.88 99.55 99,65 100.93 100.14 100.25 99.58
Mgv 72.4 74,1 65.3 86.2 76.9 68.3 75.9
cr 220 186 446 376 349 66 317
Rb 21 28 7 61 1 17 1
St 281 191 268 285 126 550 143
Y 10 10 12 18 21 21 22
Zr 27 26 36 54 44 112 47
Nb 2 2 2 3 3 6 2

d) Fleres and Elzenbaum meta-andesites - [-1 and < in figures.

Sample FLE1 FLE4 FLES FLE7 FLE19 ELZ 1 ELZ 2
Key 11 i1 11 11 11 12 12
$i02 57.60 57.26 55,75 59,50 56.89 60.70 61.56
Ti02 0.90 0.46 0.49 0.87 0.98 0.63 0.50
Alz03 16.45 14.50 15.80 16.40 16.84 15.35 15,90
Fe20s 0.48 0.66 0.40 4.81 9.38 0.75 0.76
FeO 7.16 7.11 7.41 3.07 0.00 5.73 5.40
MnO 0.12 0.17 0.12 0.13 0.15 0.13 0.12
Mgo 3,55 7.58 6.22 2,90 3.43 3.82 3.25
ca0 7.37 6.52 7.07 5.54 6.60 6.88 6.53
Na 20 2.40 1.62 1.58 3,28 2.24 3.02 3.30
K20 1.40 1.62 1.05 1.61 1.61 0.77 6.92
P20s 0.09 0.05 0.16 0.10 0.16 0.05 0.08
H20+ 2.31 2.34 3.83 1.50 1.29 1.57 1.41
Total 89,83 99.88 99,98 99,72 99.57 99.30 99,70
Mgv 46.2 64.7 53.4 50.7 61.7 53.0 50.4
cr 66 381 161 32 33 70 48

Rb 54 58 32 52 56 16 23

Sr 473 137 207 412 217 227 268

Y 20 20 16 23 30 14 17

Zr 91 €8 72 11§ 190 102 116

Nb 7 6 5 8 9 5 4

Results Whereas the term ortho-derivative embraces

A major problem in the study of metabasites
in a (poly)metamorphic terrain is to distinguish
between ortho- and para-amphibolites. Field ob-
servation, e.g. of the shape, thickness of the ma-
fic bodies, their homogeneity, the sharpness of
the boundaries, banding, relics of magmatic tex-
tures are very useful for a preliminary division.
Petrographic observation, such as the presence of
carbonates, and chemical data can provide im-
portant information in refining this subdivision.

all clearly magmatic rocks, the term para-deriva-
tive groups both mixtures of dolomite-limestone-
shale (LEakge, 1964), and volcaniclastic sedi-
ments (e.g. tuffs). Since metabasites interlayered
with marbles were not considered in this study,
the recognized para-amphibolites are probably
either (volcaniclastic) litharenites or pyroclastic
products interlayered with clastic sediments, such
as are now found in the western Mediterranean
(PATERNE et al.,, 1986). In both of these cases,
chemical data may be affected by contamination
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Tab. 2 Trace element by INAA. Samples and keys as in Fig. 1 and Tab. 1.

Sample ROJ3 MEL 1 BUR § BUR 8 LAC 2 MOS 4 VERT3 VERTS VMARS
Key 1 2 3 3 € 8 9 9 9
Sc 22 39 37 33 41 39 33 32 32
Co 34 43 41 42 43 42 53 46 41

Ni 71 53 27 170 96 78 160 135 125
Cs 0.17 0.5 0.2 0.6 2.6 0.2 2.7 1.6 8.8
Ba 510 230 153 70 120 70 130 90 48

La 35,0 11.0 17.0 10.0 11.0 11.0 6.1 5.7 8.7
Ce 80.0 27.0 41.0 24.0 27.0 28.0 15.0 14,0 18.0
Nd 31.0 17.0 25.0 . 18.0 20.0 20.0 11.0 9.3 12.0
Sm 5.5 4.1 6.1 4.9 5.1 4.8 2.6 2.5 3.0
Eu 2.15 1.50 2,10 1.60 1,90 1.80 1.15 1.02 1.00
Tb 0.86 0.96 1.20 1.00 1.25 1.20 0.58 0.66 0.65
Yb 2.60 3.30 3.00 3.30 4.00 3.70 2,26 2,20 2.30
Lu 0.50 0.48 0.46 0.50 0.62 0.60 0.28 0.35 0.34
Hf 5.60 3.50 4.50 3.60 4,40 4.00 2.00 2.10 2.10
Ta 4.70 0.60 1.30 0.50 0.56 0.80 0,22 0.20 0.30
Th 5,50 i1.10 1.60 1.10 0.72 i.10 1.10 0.75 1.80
U 1.5 0.3 0.4 0.2 0.2 0.3 0.4 0.1 0.6
Sample COBI1 COBI3 COBIS FLE 1 FLE 4 FLE 5 FLE 7 ELZ 2

Key 10 10 10 11 11 11 11 12

Sc 16 180 40 28 30 30 25 21

Co 42 47 40 17 32 27 i8 19

Ni 50 100 23 13 80 42 15 30

Cs 1.2 1.3 0.3 1.6 2.3 2.8 3.4 0.9

Ba 100 146 100 480 340 220 420 440

La 0.9 6.7 8.2 18.0 14.0 14.0 22.0 15.0

Ce 1.8 1.5 13.0 33.0 28.0 27.0 43.0 28.0

Nd 1.1 1.0 5.4 15.0 12.0 12.0 21.0 13.0

Sm 0.4 0.4 1.3 2.9 2.1 2.4 4,0 2.5

Eu 0.50 0.60 0.80 1.00 Q.70 0.80 1.00 Q.80

Tb 0.1¢ 0.15 0.25 0.52 0.40 0.43 0.70 0.40

Yb 0.39 0.49 1.00 1.60 1.50 1.30 2.20 1.60

Lu 0.06 0.09 0.15 0.28 0.23 0.20 0.34 0.27

Hf 0.14 0.20 0.70 2.10 1.50 1,90 2.80 2.70

Ta 0.05 0.00 0.10 0.37 0.40 0.30 0.52 0.20

Th 0.10 0.00 1.30 3.60 5.10 4,60 6.90 4,00

U 0.2 0.0 0.6 1.3 1.4 0.9 1.5 1.3

from sediments. Nevertheless, consideration of
differentiation trends for both major and trace
elements can help verify the internal consistency
of the data and to establish whether these trends
preserve a magmatic origin. However, we would
stress the importance of field observations, being
carried out prior to refining the division on the
basis of chemical parameters.

SEDIMENTARY CONTAMINATION

In the Zebru valley (Site 13 on Fig. 1) gradual
and repeated transitions between phyllites,
chloritic schists and prasinites (chlorite + albite +
actinolite + epidote + quartz + carbonates) were
displayed in the series. Interlayered carbonates
and tourmaline porphyroclasts in prasinites sug-

gest contamination by detrital sediments. It is
worth noting that the composition of the
prasinites is not abnormal. The Zebru prasinites
are low-Ti tholeiites (Tab. 1). Cr contents (‘300
ppm, Tab. 1) were also normal for a slightly dif-
ferentiated basalt. Some amphibolites from the
Venosta valley (e.g. from Covelano, Site 5 on
Fig. 1) are characterized by very transitional
boundaries and they are usually very thin (from
decimetre to metre). Interlayering of leucocratic
(plagioclase rich) amphibolites, melanocratic
(amphibole rich) amphibolites and amphibolitic
paragneisses on a decimetre-scale characterized
these metabasites and also those from the
Camonica valley. By means of mg*100/c/al-alk
plot proposed by LEAKE (1964) (not shown) all
of these rocks define a magmatic trend. Never-
theless, the differentiation trend largely crossing
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the silica saturation plane in R1 - R2 diagram
(R1=4S8i-11(Na+K)-2(Fe+Ti) and R2=Al+2Mg+
6Ca; DE La RocuE et al., 1980), is probably un-
related to a low-pressure differentiation (Fig. 3).
Thus, metabasites from the Zebri, Camonica
and Sole valleys and partly those from the Ven-
osta valley (sce keys 5, 13, 14 in Tab. 1) were ex-
cluded from the discussion due to the probable
contamination by sediments.

CHEMICAL MOBILITY

In order to avoid problems due to centimetre
scale diffusion and metamorphic differentiation
phenomena, 1 to 3 kg samples of rock were
crushed and analyzed. Nevertheless, chemical

data can be affected by mobilization of large ion
element during post-magmatic evolution
(PEARCE, 1975). A qualitative estimation of the
degree to which element migration has occurred
may be obtained from the inspection of the
Woobn's (1979) mantle-normalized diagram
(Fig. 4). From Cs to K (Rb), element values are
very variabie. Cs varies by a factor of 10 whereas
K varies by a factor of 3. Trends also frequently
cross each other. Thus, these large-ion litophile
elements almost certainly were affected by post-
magmatic migration. The behaviour of elements
with very low bulk solid-liquid partition coeffi-
cient (D) may be inferred from that of Th since
the Th variation is generally consistent with
those of other incompatible immobile elements
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(e.g. Ta, Hf) during the processes of epidotiza-
tion and/or carbonization (CoNDIE et al., 1977)
and spilitization ("coherent mobility" in
NYSTROM, 1984). Silica and alkali migration can
also be estimated from normative nepheline or
hypersthene variations relative to those of an
immobile incompatible element such as Zr. No
significant positive correlation is observed. Thus,
the highest ne contents (up to 7%) cannot be
related either to low pressure differentiation, or
to primary magma features. As a consequence,
some of the metabasites from the Oetztal Campo
basement are probably displaced slightly towards
the alkali-basalt field, in the R1-R2 classificative
grid (Fig. 3).

No evidence is found for post-magmatic vari-
ation of incompatible elements such as Ta or
higher D elements listed in Fig. 4.

S. POLI

The origin of protoliths

The amphibolites selected from the Oetztal-
Campo crystalline basement (Key 1 to 12 in
Table 1 and 2) have sharp contacts (i.e. centi-
metre as an order of magnitude) with the meta-
pelitic series; they are generally much thicker
(several tens of metres) than those previously
described and some resemble slightly flattened
intrusive bodies (the Fleres valley body, several
hundred metres thick). Carbonates are generally
absent. In the Pennes valley gabbro, relic augite
and undeformed ophitic textures are visible
(Fig. 2).

According to the classificative grid in the R1-
R2 diagram (Fig. 3) most samples fall in the
basalt field, transitional from sub-alkaline to al-
kaline. A transitional character was already
shown by MoGEsSIE et al. (1985) for metabasites
from Northern and Central Oetztal. On average,
the metabasites from Mt. Vertana are more ba-
sic than those from the Venosta and Passiria val-
leys (Sites 1 to 8 on Fig. 1). A group of samples
from the eastern sector of the studied area (the
Fleres valley and Elzenbaum) is clearly located
in the andesite field. TiO, vs Mg-value (calcu-
lated according to the «m-value» of HUGHES and
Hussey, 1976) (Fig. 5) and TiO, vs Zr (Fig. 6)
plots show a marked subdivision between three
groups: a) amphibolites from the northern and
northwestern sector (Sites 1 to 8 on Fig. 1) have
TiO, ranging from about 1.8-2% at ~60 Mgy -
~100 ppm Zr up to ~2.5% at =40 Mgv - =180
ppm Zr; b) metabasites from Mt. Vertana (Site
9) have TiO, generally from 1% at 60 Mgy - 80
ppm Zr to ~13% at 45 Mgv - ~120 ppm Zr;
¢) amphibolites from the eastern sector (Fleres
and Elzenbaum; Sites 11 and 12) have TiO, from
~().5 to 1% for Mgv ranging from 65 to 45 and
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Fig. 5 TiO, vs Mg values. Symbols as in Fig. 3.
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Zr from 70 to 190 ppm; some samples from the
Pennes gabbro (Site 10) also have low TiO,
values and always high Mgv and low Zr abun-
dances (<50 ppm). This subdivision, based on
TiO, correlates with the grouping based on Ta
and Nb anomalies. Therefore, we will discuss
separately the group of metabasites from the
N-NW sector (the Roja, Melag, central Venosta,
Passiria valleys, hereinafter referred to as NNW-
amphibolites) which have TiO, at =~2% and the
group from Mt. Vertana and the eastern sector
(e.g. the Fleres bodies), which has low TiO,
contents (< 1%). As will be discussed below, the
former are probably of anorogenic origin and the
latter probably genetically related to subduction
processes.

THE NNW AMPHIBOLITES: THE ANORO-
GENIC SERIES :

As stated above, NN'W amphibolites are tran-
sitional basalts on the basis of the R1-R2 grid
(Fig. 3). High TiO, contents are coupled with
variable ALO,. This series displays moderate
FeO* enrichment with increasing FeO*/MgO. It
is worth noting that the high-Ti Volcanics (HTV)
within the Paleozoic sedimentary cover of the
Carnian Alps (SINiGOI et al., 1988) are definitely
very similar to NN'W amphibolites.

The Woob (1979) pattern for most samples is
modified slightly by fractional crystallization, be-
cause most 3d elements (Fig. 7) of NNW amphib-
olites lie in the ficld of least fractionated basalts
from the Middle Atlantic Ridge (LANGMUIR et
al., 1977). The slightly low Cr and Ni contents
could be related to the small amounts of olivine
and clinopyroxene fractionated. Substantial frac-
tional crystallization of plagioclase probably did
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not occur because there is neither Eu negative
anomaly in the chondrite normalized REE plot
(Fig. 8a) nor Sr negative anomaly in Wood's pat-
tern (Fig. 4a).

The mantle-pormalized pattern (Fig. 4a) is
characterized by slight positive anomalies in Ta
and Nb, and by a probable absence of low D
element enrichment or depletion (see Th values).
This pattern, both in absolute value and in trend,
confirms a character of the series transitional to
alkali-basalts and suggests affinity to E-MORB
or to Within Plate Basalt (WPB) type. Differen-
tiation causes enrichment in incompatible ele-
ments and Wood's pattern (ROJ3, Mg value=43)
strongly resembles an alkali basalt pattern owing
to marked Ta and Nb positive anomalies.

Th-Hf/3-Ta plots (Woob, 1980) and Zr-Ti/
100-Y*3 (PEarcE and CAanN, 1973) support
these observation (Fig. 9a and 9b).

The discovery of magmas that seem to be
primitive (see Mgv and 3d elements) and the
consistency of a large spectrum of incompatible
trace elements permit us to make some model
calculation about the magma source and the
melting process that occurred. Consequently, a
better discrimination between E-MORB and
WPB can be obtained, even in the case of meta-
morphic rocks (RATAMANI et al., 1985; WEAVER
et al.,, 1982; BopINIER et al., 1987). Ce/Sm/Yb
and Ta/La/Y were modelled using the equations
for non-modal equilibrium melting formulated
by SHaw (1970) and the equations for non-mo-
dal fractional melting used were those of
OtroNELLO and RANIERI (1977). Curves 1 and 4
(Fig. 10) represent trace element fractionation
for non-modal equilibrium melting of a spinel
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Fig. 7. 3d transition element composition of NNW and
Vertana metabasalts. Normalizing values from prim-
itive mantle of Jacourz et al. (1979). The least-frac-
tionated basalt field of Lanomulr et al. (1977) is also
reported. Symbols as in Fig,. 3.
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peridotite (CARTER, 1970; PRESNALL et al., 1979)
and of a garnet peridotite respectively (CHEN,
1971; Mysen, 1976) source. Curves 2-3 and 5-6
represent trace element fractionation for non-
modal fractional melting of spinel and garnet
peridotite sources respectively (see the caption
to Fig. 10 for details). Curve 7 represents the
REE evolution for fractional crystallization of
clinopyroxene and olivine according to the
Rayleigh law.

Modal compositions of the mantle source and
the melting proportions of the solid phases are
taken from the compilation in OTTONELLO et.
al (1984), and they are given in the caption to
Fig. 10. The REE partition coefficients used
for the peridotite assemblages are taken from
OrroNELLO et al. (1984). The Y partition coeffi-
cients are from Frey et al. (1978). The Ta parti-
tion coefficient were evaluated from D *Y
D, and D °/D, ° in VILLEMANT et al. (1981)
and from DL Opx/DL ®* in Frey et al. (1978).
D, 8 was arbitrarily set at 0.001 in order to fit
the arrangement of bulk partition coefficients for
a garnet bearing mantle residue according to
Wood (see Table 1 in Woob, 1979). The Depv/mel
and D°¥me for curve 7 are from HENDERSON
(1982).

The comparison between the computed com-
positions and the metabasalts studied is carried
out by means of binary diagrams where REE, Ta,
La and Y are normalized (e.g. La ) to the primi-
tive mantle relative abundances of Woob (1979)
(Figs. 10a and 10b). These diagrams reproduce
two of the three coordinates of the ternary dia-

Ti/100

ir Y*3

Fig. 9 Th-Hf-Ta and Ti-Zr-Y compositions of the amphibolites studied compared with the fields representing
magmas which erupted in different tectonic settings. a) A - N-type MORB; B - E- -type MORB and tholeiitic
Within Plate Basalts (WPB); C - WPB; D - Magma series at destructive plate margins; according to WOOD
(1980). Samples with Mg-value > 0.5 are shown. b) A - Island-Arc Basalts (IAB); B - Ocean Floor Basalts (OFB),

Calcalkali basalts (CAB) and IAB; C - CAB;
in Fig. 3.

- WPB; according to Pearce and Cann (1973). Symbols as
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grams from OTTONELLO et al. (1984); thus pre-
serving all the advantages pointed out by these
authors, namely: a) eliminating the dependence
of the plot of a certain composition from the
source/chondrite enrichment factor and b) re-
ducing the influence of the uncertainties of crys-
tal/liquid partition coefficients. The source plots
at the centre of the diagram, whatever its compo-
sition.

The least differentiated metabasalts closely fit
the curves representing the liquids from garnet
peridotite melting. A process of equilibrium par-
tial melting probably occurred. A degree of
about 20% of parttal melting is suggested by the
REE. Ta, La, Y computations seem to indicate a
somewhat lower degree of equilibrium partal
melting (=15% ), but this result is strongly influ-
enced by the high D s The deviation from equi-
librium melting curves can be explained by frac-
tional crystallization of clinopyroxene and oli-
vine; this is consistent with major and trace ele-
ment such as CaO-FeO*/MgO and Cr-Ni.

Apart from the percentage of partial melting
obtained, a garnet bearing source suggests a
close affinity of NNW metabasalts to Within
Plate Basalts.

THE VERTANA BASALTS: A POSSIBLE
OROGENIC SERIES

The Vertana (meta-)basalts occur as intercal-
ations, ca. 100 metre thick, within a staurolite
phyllite-micaschist basement. They are charac-
terized by low TiQ, and P,O, (Fig. 4) and relat-
ively high AL O, (=16-17%). In the R1-R2 grid
(Fig. 3), a more basic character is apparent with
respect to the NNW-amphibolites. High R2 num-
bers correlate with relatively high Mg and Al
contents. These features suggest a possible anal-
ogy with "high-Al basalts" and/or with island-arc
tholeiites (PerrIT et al., 1980). The TiO,/P,O/
MnO ratios (MULLEN, 1983) are compatible with
this hypothesis.

3d elements contents and Mgv again indicate
that these basalts have relatively primitive com-
positions (Fig. 7). The Vertana metabasites have
high Cr and Ni contents (320 and 160 ppm} com-
pared to most other island-arc rocks, but similar
values are known for some high Mg-value rocks
from the New Britain Island Arc Basalt Refer-
ence Suite (BasalrTic VorLcanisM STupy Pro-
JECT, 1981). They also have a low absolute con-
tent of incompatible elements (Fig. 4b). The Ta,
P and Ti negative anomalies, along with Ta/Hf
and Th/Ta ratios (TReuiL and Joron, 1975),
imply some calcalkaline affinity of these prod-
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ucts. The Zr/Ti/Y ratios tend to confirm this con-
clusion (Fig. 9).

The REE trend (Fig. 8b) does not differ sub-
stantially from that of the NNW-amphibolites
and modelling again suggests derivation by equi-
librium partial melting of a garnet peridotite
source (Fig. 10a). However, other elements
whose behaviour is peculiar, e.g. Ta, cannot be
modelled easily using such a single stage model.
In fact, in order to obtain Ta /(Ta +La ) values
< 0.5 in Fig. 10b it is necessary to assume either
D, » D _#" or a mantle source with a higher
La-Ta ratio {«metasomatized mantle»).

THE PENNES GABBRO

This body is remarkable in the Austroalpine
terrain of the Eastern Alps in that primary mag-
matic textures are clearly conserved in its in-
terior, despite the fact that it underwent defor-
mation in both the Hercynian and Alpine oro-
geneses. In part it appears to have been a plagio-
clase orthocumulate (Fig. 2). Plagioclase cumu-
late is strongly confirmed by major and trace ele-
ment data. Relic magmatic augite was also re-
corded by BRrIEGLEB (1967). Thus, although
these rocks underwent medium to high grade
metamorphism, which led to the transformation
of pyroxene into tschermakitic hornblende (un-
published electron microprobe data), some mag-
matic crystalline phases are preserved.

Major element contents indicate that some
samples, such as those reported in Fig. 2, are
characterized by high Mg values (up to 85).
Within this group, some have very high ALO,
(up to 20%) and very low TiO, (down to 0.18);
others, however, have low alumina, very low al-
kali and MgO + FeO* up to 21 wt %. Positive Eu
anomalies (Fig. 8b) confirm that a large part of
the Pennes gabbro is of cumulate origin; it is
thought that the high Al,O, samples are domi-
nated by cumulus plagioclase. Most samples plot
in the field of tholeiitic and olivine gabbros of the
R1-R2 classification and, as a whole, their com-
position do not differ greatly from those of the
Vertana metabasalts.

Some features of the primary magma can be
deduced by considering a sample with reasonable
R1-R2 values (R2<2000), Mg values, Cr and Sr
contents. Sample COBI 5 (olivine gabbro,
Mgv=66, Cr=440 ppm) was chosen. Wood's pat-
tern (Fig. 4b) is characterized by strong Ta, Nb, P
and Ti negative anomalies. The available Ta-Nb
mineral/liquid partition coefficients (VILLEMANT
et al., 1981; Pearce and Norry, 1979) appear to
exclude the generation of such negative anoma-
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lies by limited fractionation of pyroxene, olivine,
plagioclase (see the Eu positive anomaly in Fig.
8b) and even magnetite, due to 1<D_ ™2 and
1.5<D, ™#%<3 (ScHock, 1979). Thus, Ta, Nb, P
and T1 negative anomalies are thought to be a
primary feature of the magma. It follows that the
Pennes gabbro may have been emplaced within
an orogenic regime (Fig. 9).

THE FLERES ANDESITES: THE OROGENIC
SERIES

This fine-grained massive amphibolite occurs
as a large lensoid body up to 400 metres thick.
Amphibolites from Elzenbaum (Vipiteno) are
also included in this group.

The plot in the R1-R2 grid (Fig. 3), the ab-
sence of FeO* enrichment with increasing FeO*/
MgO and low TiO2 (Figs. 5 and 6) are all fea-
tures typical of a calcalkaline series. TiO, versus
Mg-value and Zr, and FeO* versus FeO*/MgO
(not shown) indicate that these products cannot
be derived by fractional crystallization from the
Vertana and/or other basic magma types pre-
viously shown. In fact the differences in TiO, and
Si0, between the Fleres series and the other
ones cannot be reproduced without fractionation
of femics and titano-magnetite. But, it is quite
unlikely to do this at constant Mg-value and Zr
content (Figs. 5 and 6).

The relatively high Mg values (up to 65) (Fig.
S) for the least differentiated andesites indicate
that the same Fleres andesites represent very
primitive melts. In fact, according to GiLL {1981),
the average Mg-number (HuGHEs and HuUSSEY,
1976) for orogenic andesites is 60, and a Mg-
number > 67 can indicate primary melts.

From inspection of the Wood's diagram it
would appear that also the large ion elements
probably did not suffer post-magmatic variations
and their behaviour is probably related to differ-
entiation by fractional crystallization.

The LREE enrichment and the slight enrich-
ment of intermediate as compared to heavy REE
(Fig. 8c) relates the Fleres andesites to medium-
K andesites (GiLL, 1981). This relationship re-
ceives confirmation from a K,O vs SiO, plot. The
more fractionated rocks display a small negative
Eu anomaly (Fig. 8c), indicative of some plagio-
clase fractionation. The Wood's mantle-norma-
lized pattern (Fig. 4¢) is characterized by LiLg
enrichment and the negative anomalies in Ta-Nb,
P, Hf and Ti. The Ta/Th/Hf and Zr/TV/Y dia-
grams (Fig. 9) confirm the orogenic character of
the Fleres andesites.
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High Cr contents and relatively high Mg val-
ues suggest, for comparative purposes, plotting
these "metabasites" in Ce /(Ce +Sm ) vs Sm /
(Sm_+Yb ) and Ta/(Ta +La) vs La/(La+Y )
diagrams (Fig. 10). The least fractionated mag-
mas clearly plot away from the NNW and Ver-
tana metabasalts, mainly because of the LREE
enrichment and relative HReE depletion and also
because of the Ta negative anomalies. Never-
thiess, the REE evolution could be modelled by
using modal proportions, melting coefficients
and partition coefficents for a garnet peridotite
according to MyseN (1978, 1982) (see the cap-
tion to Fig. 10). Thus the curve representing REE
evolution for equilibrium melting of a hydrous
garnet peridotite closely approaches the experi-
mental data. Ta/La/Y on the contrary cannot be
easily modelled by such a single stage model.

Conclusions

Most metabasites from the Upper Austro-
alpine nappes of the Eastern Alps underwent de-
formation and regional metamorphism during
the Hercynian orogenesis. Since these rocks rep-
resent pre-Hercynian magmatism, they are of
great intrinsic interest for the information they
can provide with regard to the pre-Hercynian
geodynamic environment in the Alps, which
about very little has been known.

High TiO, (>1.8-2%), high Ta/La and Zt/Y
ratios suggest that the NNW metabasites (Roja,
Melag, central Venosta, Passiria valleys) were
Within Plate Basalts as does the 15-20% equilib-
rium partial melting of a garnet bearing mantle,
using REE and Ta/La/Y models.

Conversely the Vertana metabasalts have low
TiO, (=1%) and low Ta/L.a, P/Zr ratios, suggest-
ing a possible calcalkaline affinity. This also may
be the case for the least fractionated products of
Pennes gabbro.

Low TiO,, distinct Ta, Nb, P and Hf negative
anomalies, LREE enrichment and HREE deple-
tion strongly support a destructive plate margin
origin for the Fleres andesites. It is however un-
certain whether these relate to a pre- or a sin-
Hercynian magmatic event.

The presence of both anorogenic and oro-
genic magmatism in the Austroalpine domain
and the lack of radiometric chronology on the
metabasalts raises a number of questions about
pre-Hercynian and Hercynian geodynamics. In
particular it is very important to establish
whether calcalkaline products followed or pre-
ceded anorogenic magmatism, i.e. whether the
Vertana calcalkaline basalts and the Fleres an-
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desites arc related to the Hercynian orogenesis
or to an older event such as the Caledonian oro-
genesis.

Field and petrographical data on the Austro-
alpine basement (GREGNANIN, 1980) show that
the Venosta and Passiria anorogenic metabasalts
are intercalated in the lower unit, i.e. in the para-
gneisses and the silver micaschists, whereas the
Vertana calcalkaline basalts lie within the upper
unit, i.e. in the phyllites. Consequently Vertana
series may represent a relic of magmatic activity
which related possibly to the forerunners of the
Hercynian orogenic cycle, which was preceded
by "within-plate" anorogenic magmatism.

An alternative hypothesis is a marginal or
back-arc basin (KeENNETT, 1982), such as the
Tyrrhenian Sea in the western Mediterranean,
where a large spectrum of magma series are
erupted in a very short lapse of time (10°-10' mil-
lion year in magnitude).

Anyway, given our present knowledge, the
absence of Ocean Floor Basalts does not support
the development of a large ocean basin prior to
the Hercynian orogenesis. This observation is
strengthened by the very limited volume now
occupied by metabasites in comparison to the
metapelitic series.
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