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Amphibolites from the Central Alps: REE-Patterns and
their Relation to the possible Parent Rocks.

by K. Schubert

Abstract

15 amphibolites from the Central Alps have been analysed for the lanthanoids La, Ce, Sm, Eu,
Tb, Yb, Lu and for the trace elements Sc, Cr, Co, Ni, Hf and Fe.

Possible parent rocks for the amphibolites are defined by the absolute and relative REE-abun-
dances of unaltered magmatic and sedimentary rocks of various proveniences.

The REE-patterns of the amphibolites are compared to these and a cautious interpretation of
rock type and tectonic setting is suggested.

The REE-patterns of the samples of the Lepontine region, which are believed to be of mesozoic
age, resemble those of LIL-element depleted ocean-ridge type tholeiitic basalts and of slightly LI1L-
element enriched tholeiitic basalts commonly associated with plate margins.

t. INTRODUCTION

A pertinent question for geochemistry is the nature of the parent equivalents
of amphibolites and other metamorphosed rocks.

The possibly otcurring mobility of major and trace components during al-
teration and metamorphic processes constrains to use data of more immobile
elements to solve such problems. Lanthanoids especially are considered to be
such more immobile elements (F. A, FrREyY ¢t al., 1968; PHILPOTTS et al., 1969;
HERRMANN & WEDEPOHL, 1970; HERRMANN et al., 1974). Systematic investiga-
tions of submarine basalts have shown that significant changes in the REE-
abundances may result from seawater interaction:

The palagonitization of basaltic glasses results in La and HREE (heavy
REE) depletion, whereas Ce possibly increases slightly. The alteration of crys-
talline basalts may result in a slight increase of LREE (light REE) (F. A. FrREy et
al., 1974).

Zeolithization significantly changes the LREE-contents of basaltic lavas
(Woob et al., 1976).

* Geochemisches Institut der Universitit Gottingen, Goldschmidtstr. I, D-3400 Géttingen.
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The breakdown of basaltic glasses causes the mobility of the REE’s during
zeolithization (MUECKE et al., 1977), and finally leads to negative Ce-ano-
malies, the significance of which depends on the exposure times of the lavas to
seawater (MENZzIES et al., 1977, HeLiMaN & HENDERSON, 1977; LUDDEN &
THOMPSON, 1978).

There seem to be no changes of the REE-abundances as a consequence of re-
gional metamorphism of higher metamorphic grades (500°-580°C and 3-4 kb,
corresponding to the low grade to medium grade specifications of WINKLER
[1976]), whereas most of the other trace elements and major components be-
come considerably mobile under these conditions (MUECKE et al., 1977).

So if an estimate can be made of what had happened to the parent rocks,
lanthanoids may well indicate the parental rocks of the amphibolites.

2. LOCATIONS OF THE SAMPLES

The samples are from the Lepontine area (Central Alps). Here the highest de-
grees of alpine metamorphism occur, decreasing from the root zone to the outer
parts of this region (WENK & KELLER, 1969). The investigated samples belong to
different metamorphic grades and their occurrences are spread over the Lepon-
tine area, although there is an accumulation of sampling points in the root zone
(6/15; see fig. 1).
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Locations of the samples from Central Alps (1-As 912, 2-Brg 73, 3-GdT S 580, 4-Mera 34, 5-Mis 52, 6-Riv

17, 7-Sci 186, 8-Shlz A22a, 9-Spluga 11d, 10-Wurz 166, [1-Wurz 176, 12-19.7.69-01; 13-20.7.69-02, 14-22.7.69-01,
15-29.9.69-01). After Wenk & Keller (1969), and Wenk et al. (1974).
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3. EXPERIMENTAL

100 mg of each sample, enclosed in a quartz-glass tube have been analysed
by INAA for La, Ce, Sm, Eu, Tb, Yb, Lu, Sc Co, Hf and Fe.

Cr and Ni have been assayed by AAS and flameless AAS (Ni). [rradiations
have been performed by the FR 2 reactor of the Kernforschungszentrum Karls-
ruhe with a neutron flux of 310! [n-cm-1-sec-'] and 72 h irradiation time, and
by the Triga Mark I reactor of the Institut fiir Nuklearmedizin, Medizinische
Hochschule Hannover, with a neutron flux of 2-1012[n.cm-l.sec-!] and 8 h irra-
diation time.

The nuclides 46Sc, 59Fe, 60Co, 140La, 153Sm, 175Yb, 177Lu have been assayed
7-9 days after irradiation; the nuclides 46Sc, 9Fe, 60Co, 141Ce, 152Eu, 160Tb, 181 Hf
40 days after irradiation. Detecting time was 12 hours per sample using a planar
Ge(Li)-detector with <2.5 keV resolution at 1.333 MeV.

The methods of preparing the samples for irradiation and detection are
mostly similiar to those published by JAcoBs et al. (1977).

The averages and error calculations of 15 USGS W-] reference samples,
which have undergone the same preparing procedures for irradiating and de-
tecting parallel to the amphibolites are given in table 1.

Table I: Averages and error calculations of USGS W-1 analyses of 9 runs. Averages in pg/g (Fe in wt. -%).

n X(n) XF S,
5S¢ 15 35.1 35.1 )
SsFe 15 7.71 776 2.7
17Co 15 38 47 2.9
57La 1 10.4 9.8 6.0
53Ce 9 22.8 23 5.6
525m 12 3.4 36 5.2
e3Eu 14 1.03 1.1 5.5
6s51b 13 0.57 0.65 17.0
J0Yb 11 2.1 2.1 6.2
JiLu 1 0.39 0.35 10.1
JoHE 15 25 2.67 11.8

= number of analyses
X(n) = average of n analyses

Xp = values of Flanagan (1973)

S, = relative uncertainty at the 95% confidence level

4. RESULTS AND DISCUSSION

The values of the assayed elements are given in table 2. The values of the ma-
jor elements have been published by WENK & KELLER (1969) and WENK et al.,
(1974).
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Table 2: Trace element analyses of the samples from the Central Alps (valuesin ug/g, Fe in wt-%)

Probe lec 24CI’ 26Fe 27C0 28Ni 571_.3 58Ce 6251‘1’1 63El.l 65Tb 70Yb 7]LU 72Hf
As912 41.5 701 7.7 | 495 115 3.5 14.7 3.1 1.08 | 0.54 3.0 0.53 23
Brg73 378 246 69 | 422 47 3.6 12.6 36 1.39 | 0.60 3.0 052 | 28
GdTS 45.7 106 106 | 43.2 21 104 | 48.0 59 1.75 1.50 52 0.91 39
580

Mera34 | 255 98 5.8 | 209 6 19.2 | 483 6.8 1.39 1.19 3.0 0.49 5.1

Mis 52 33.5 147 77 1 298 26 13.8 29.3 5.4 1.55 0.84 3.7 0.65 39
Riv 17 36.5 468 7.7 | 414 81 5.1 22.7 31 1.14 | 0.60 29 0.56 2.5
Sci 186 43.2 304 8.8 | 548 126 37 | 24.0 3.5 1.32 | 0.53 33 0.71 24
Shlz 319 n.b. 7.6 [ 383 n.b. 11.5 28.7 4.2 1.00 | 0.68 35 0.57 35
A22a

Spluga 21.2 65 4.5 18.6 5 19.8 | 433 5.9 0.95 1.07 34 0.49 5.6
11d

Wurz 40.0 286 8.1 41.6 60 5.3 22.7 3.9 146 | 0.77 3.7 0.72 32
166

Wurz 349 201 8.3 | 449 77 6.5 289 35 1.54 | 0.76 2.5 0.49 3.1

176

19.7. 321 197 6.3 | 38.0 73 32 12.9 2.8 1.03 | 0.49 2.3 043 | 24
69-01

20.7. 36.8 423 7.2 | 408 87 3.7 16.5 3.1 1.16 | 0.69 2.8 045 | 2.8
69-02

22.7. 35.2 911 6.6 | 40.8 97 4.5 19.3 2.0 0.56 | 0.28 1.2 0.24 1.3

69-01

299. 37.4 359 82 | 655 252 7.7 | 203 2.2 0.82 | 045 2.5 0.45 1.6
69-01

S (W) 0.3 0.6 1.4 3.4 43 39 2.8 16.0 6.9 49 1126
s (%) 1.8 1.9 2.5 38 4.7 4.2 34 16.4 7.2 53 (129
(19)

8 (%) relative error from counting statistics (average of the investigated samples)

s (%) relative standard deviation (18) (average of the investigated samples)
(GdT S 580 contains garnet; Mera 34 is a gneiss; 22.7.69-01 contains quartz; 29.9.69-01 is a metaschist. Special pe-
trographic descriptions are given in WENK et al., 1974.)

4.1 The possible Parent Rocks of Amphibolites

BALASHOV et al. (1972), demonstrated that amphibolites were formed mainly
by mafic and intermediate volcanic rocks and graywackes, using the chemical
composition of the major minerals of these rocks.

This can be proved by a diagram, using the correlation of the REE-fraction-
ation (La/Yb-ratio) and the total amount of the assayed REE (ZREE) (fig.s 2 &
3). ‘

The compiled fields of basalts of different tectonic setting and the projection
of the representative points of the analyzed amphibolites into these fields lead
to 3 types of chondrite-normalized REE-patterns (values of HASKIN et al., 1971)
(fig. 4):

a) no fractionation of LREE’s referred to HREE’s, or light LREE-deple-

tion, as is typical for spreading centers;
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Fig.2: La/Yb-ZREE - diagram of magmatic rocks (ZREE = La+Ce+Sm+Eu+Tb+Yb+Lu) valuesin pg/g
1 ) field of ocean ridge type tholeiitic basalts

11 ) field of ocean island tholeiitic basalts

1I1) field of plate margin and continental tholeiitic basalts

1V) field of high-Al,O5 basalts

V ) field of alkali-olivine basaits

circles - samples from Central Alps.

Data used for compilation are from:

Bazlashov (1976), Dostal et al. (1976), Frey et al. (1968), Green et al. (1969), Haskin et al. (1966), Herrmann (1570).

b) light to little fractionation of LREE'’s referred to HREE’s, as is common
with plate margins;

¢) distinct fractionation of LREE’s referred to HREE's, regarded typic for
within-plate basalts.

4.2 The Amphibolites of the Central Alps

The REE-abundances of seven samples possess the group a)-specifications
and seem to be similiar to REE-patterns regarded as typical for ocean ridge
type tholeiitic basalts.
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Fig.3: La/Yb-IREE - diagram of sedimentary rocks (ZREE = La+Ce+Sm+Eu+Tb+Yb+Lu) valuesin pg/g
I )shales

11 ) graywackes

1H) calcareous sediments

circles - samples from Centra! Alps.

Data used for compilation are from:

Balashov (1976), Dypvik & Brunfelt (1976), Ronov et al. (1974}, Wildemann & Condie (1973), Wildemann & Has-
kin (1973).

The rest of the samples are group b)-specified and similiar to light LIL-ele-
ment (LIL = Large Ion Lithophile) enriched tholeiitic basalts, commonly oc-
curing in plate margin areas (4.1). This grouping corresponds with the positions
of the representative points in the La/Yb vs £ REE-diagram of fig. 2.

No representative points are found in the area of sedimentary rocks as far as
compiled in the diagram of fig. 3.

The points of 8 samples are positioned on a straight correlation line concern-
ing their fractionation and total amount of REE’s. This line is interpreted as a
scale of the degree of partial melting, and may indicate a strong dependence of
the magma evolution from the tectonic setting.

The majority of the samples (9/15) have normalized to chondrites minor La-
values compared to Ce, and the LREE’s (except La) of the group a)-samples are
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Fig.4: REE distribution and fractionation patterns of the investigated samples from the Central Alps.
a) unfractionated
(samples: As 912, Brg 73, Riv 17, Sci 186, Wurz 166, 19.7.69-01, 20.7.69-02)
b} little fractionated
(samples: GAT S 580, Mera 34, Mis 52, Shiz A22a, Spluga 11d, Wurz 176)
c) markedly fractionated.
(A set of 10 amphibolites of Central Brazil is included to get higher significance. Data are from Schubert, K.: Zen-
tralbrasilianische Amphibolite; in preparation [1979)).

distinctly fractionated in contrast to the unfractionated HREE-group. These
phenomena markedly resemble those of palagonitization of LIL-clement de-
pleted basaltic glasses, described by F.A. FREY et al. (1974) (see 1.). Thus, it
must be concluded that the group a)-amphibolites originally possessed lower
LREE-amounts, which confirms their abyssal character.

The alteration effects of the samples showing no signs of palagonitization
might be neglected. There are no marked negative Ce-anomalies as should be if
distinct changes of LREE’s had happened in the crystalline phase (LUDDEN &
THOMPSON, 1978; see 1.). Only the sample Mis 52 suggests such a slight anom-
aly.

In spite of the classification by REE’s being quite clear, there are other trace
elements, which seem to give another picture of the parental magmas for some
samples.

— v L 14 - v v —

71

Lu
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The high Cr and Ni abundances and lower Hf-values of the samples 22.7.69-
01') and 29.9.69-01") could suggest oceanic gabbros as parent rocks (THOMPSON,
1973). REE-patterns of gabbros vary in a wide range and cannot be distin-
guished from those of tholeiitic basalts in some cases. F. A. FrRey et al. (1974)
found similiar abundances for basaltic glasses.

In general the trace element abundances of Sc, Co, Hf, Cr. Ni of the exa-
mined amphibolites of the Central Alps are within the expected range depend-
ing on the classification of the supposed parent rocks.

4.3 Arrangement to the evolution of the Alps

The data of the age of alpine rocks (HUNZIKER, 1974) and the model des-
cribed by DIETRICH et al. (1974) and similiarly by other authors (M. FRrEey et al.,
1974; OxBURGH & TURCOTTE, 1974) requests an expansive oceanic lithosphere
from the Jurassic to the lower Cretaceous, a compression phase and following
subduction for the Cenomanian to the Eocene.

This possible interpretation is confirmed by BIKLE and NiIsBeT (1972). Their
ophiolites from the Penninic zone of the Tauern-Window were of oceanic char-
acter and were interpreted as possible relicts of a mesozoic ocean basin.

Thus the interpretation of the presented values is quite close to what could be
expected, and it is not going too far, to suppose the parent rocks of the amphib-
olites of the Central Alps to be LIL-element depleted ocean ridge type tholeiitic
basalts and light LIL-element enriched tholeiitic basalts common with plate
margins.

5. SUMMARY

The amphibolites of the Central Alps are orthoamphibolites of mesozoic
age.

Their REE-abundances resemble those of LIL-element depleted ocean-ridge
type tholeiitic basalts, and those of slightly LIL-element enriched tholeiitic ba-
salts commonly associated with plate margins. Thus, their parental rocks are
suggested to be tholeiitic magmas of these tectonic settings.

These results can be arranged without difficulty to the beginning of the al-
pine evolution, beginning with a spreading of oceanic lithosphere, which is fol-
lowed by a compression phase and subduction.

1) These two samples have been omitted in the diagram of fig. 4 because of their low REE-abundan-
ces being not in the range of the other amphibolites of similiar REE-fractionation. These two data
sets would enlarge the range of the field b, so it would be no longer of significance.
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