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The geodynamic evolution ofgarnet-peridotites, garnet-pyroxenites
and eclogites ofAlpe Arami and Cima di Gagnone (Central Alps)

from Early Proterozoic to Oligocène*

by Dieter Gebauer1-2, Marc Grünenfelder13, George Tilton3, Volkmar Trommsdorff and Stefan Schmid4

Abstract

U-Pb zircon data obtained conventionally and by ionprobe (SHRIMP) demonstrate the polymetamorphic history
of the garnet-peridotites at Alpe Arami (Cima Lunga - Adula unit). Partial melting of the peridotite immediately
followed by high-grade, probably HP-metamorphism occurred at 1.72 Ga. A second event, probably also under
HP-metamorphic conditions was Panafrican (ca. 650 Ma) and the present garnet-peridotite/eclogite HP-association
was established at 28.5 Ma as derived from SHRIMP-data on zircons from a garnet-peridotite at Cima di Gagnone,
also part of the Cima Lunga-Adula unit. This Oligocene age is compatible with the Late Eocene age (35 Ma) for the
gabbroic protoliths of the eclogites at Alpe Arami which must also be inferred for the pyroxenitic protoliths of the
garnet-pyroxenite veins within the Arami peridotite. A microcontinent model involving Cretaceous subduction of a
southern ocean and Eocene/Oligocene subduction of a northern ocean is proposed to explain the existing
radiometric data from the Lepontine Alps.

Keywords: U-Pb zircon dating, HP-metamorphisms, Cima Lunga-Adula unit, Central Alps.

Gamet-peridotite at Alpe Arami

A ca. 500 m wide garnet-peridotite boudin occurs
together with minor eclogites in sillimanite-bear-
ing gneisses of the southern Cima Lunga-Adula
unit within the southern steep belt of the Central
Alps (Alpe Arami, Ticino, Switzerland). Catho-
doluminescence (CL)-studies of zircons of the
garnet-peridotite reveal oscillatory, euhedral
growth zoning of trace and minor elements
(Sommerauer, 1978) as typically found for melt-precipitated

zircons. These zircons are interpreted
to have crystallized within trapped liquids

which have formed by partial melting of the
peridotite. Ionprobe-data (SHRIMP) generally gave

concordant and subconcordant ages at 1724 +46/
-35 Ma (95% confidence limits). These Early
Proterozoic ages were obtained both within the
dominating magmatic as well as within metamorphi-
cally altered zircon domains. The latter frequently
cut the oscillatory growth zoning of the older
magmatic domains, a phenomenon empirically
found to occur only under higher than amphibo-
lite faciès P-T conditions (Gebauer et al., 1988
and Gebauer, unpublished).

Due to the small time interval between Early
Proterozoic partial melting and high grade, probably

HP-metamorphism of the peridotite, both
events could not be distinguished analytically.
Possibly, they were even part of the same P-T-t

* Extended abstract of a contribution presented at the annual meeting of the Swiss Society of Mineralogy and
Petrology, Chur, October 10 and 11,1991.
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loop. Based on both the lack of Alpine open U-
Pb zircon systems and on empirical findings on
the metamorphic alteration of trace and minor
elements in magmatic zircons, the Early Protero-
zoic subsolidus event was probably more severe
than the Alpine subduction zone metamorphism.
The latter is thought to have occurred at around
850 °C and at a depth of more than 80 km (Evans
and Trommsdorff, 1978; Heinrich, 1986).

A second, Panafrican high grade metamorphic
event at around 650 Ma only very locally caused
significant lead loss in the trace element richer,
metamorphically altered zircon domains while
the magmatic domains remained closed systems
for U-Pb since their formation 1.72 Ga ago. For
similar reasons as for the Early Proterozoic
subsolidus HP-metamorphism the Panafrican
metamorphism is inferred to also have been of higher
grade than the Alpine eclogite facies event which
left the analyzed U-Pb zircon systems completely
undisturbed.

Clearly, the garnet-peridotites at Alpe Arami
are polymetamorphic rocks which probably
suffered at least three HP-metamorphic events since
1.72 Ga. Based on the general evolution of the
Central European continental crust one can
speculate that they might have been further involved
into orogenic activities around 1 Ga, an important
event for the evolution of the continental crust of
the European Hercynides (Gebauer et al., 1989),
as well as into the Caledonian and Hercynian
mountain building processes.

Eclogite at Alpe Arami

Zircons of an eclogite sample from Alpe Arami
are also multiply, euhedrally zoned as detected by
CL-studies and, therefore, are interpreted to have
crystallized within the protolithic melt of the
eclogite. The concordant SHRIMP-ages of these
magmatic parts of the zircons average 35 Ma for
their 206Pb/238U-ages and are interpreted to represent

the protolith age of these eclogites. According

to new data on the age and duration of the
Priabonian stage (33.7 Ma to 37.5 Ma; Odin et al.,
1991), the gabbroic protolith of the eclogites at
Alpe Arami has formed during the Late Eocene.

Garnet-peridotite at Cima di Gagnone

Preliminary SHRIMP data of 28.5 Ma were
obtained on well equilibrated zircons of a garnet-
peridotite boudin at Cima di Gagnone, also
belonging to the Cima Lunga-Adula unit and
situated some 15 km to the NW of Alpe Arami. As no

magmatic zoning is visible in these zircons the
obtained age is interpreted to reflect the formation

of the garnet-peridotites from previously ser-
pentinized peridotites (e.g. Trommsdorff et al.,
1975; Evans and Trommsdorff, 1978). This
Oligocène HP-event within the Lepontine realm
excludes the dating of the peak of Barrovian-type
metamorphism (the so called "Lepontine event")
at 35-38 Ma (e.g. Jager, 1973) at least for the
studied rocks of the Cima Lunga-Adula unit.
Instead, these new data are in line with previous U-
Pb monazite and U-Pb xenotime data of Koppel
and Grunenfelder (1975) as well as with K-Ar
amphibole ages of Deutsch and Steiger (1985).
Both the U-Pb monazite and the K-Ar amphibole

ages yielded a typical age range of 22 Ma to
28 Ma which was interpreted as approximating
very closely the age of Barrovian metamorphism
within the Lepontine area. Biotite ages (Jager
et al., 1967) in the southern steep belt are about
18 Ma to 20 Ma and a fission track age on zircon
from the garnet-peridotite at Alpe Arami, giving
us cooling to about 220 °C, was found to be 17.4 ±
0.9 Ma (Naeser and Gebauer, unpubl.).

The possibility of the existence of an earlier
greenschist metamorphism at 35 Ma to 38 Ma at
the periphery of the Lepontine dome, the area
providing the main arguments for the existence of
a "Lepontine event" in the sense of Jager (1973),
is not excluded by our data. The Rb-Sr phengite
data from the frontal part of the Suretta nappe
within the stilpnomelane zone (Steinitz and
Jager, 1981) which provide the least arguable
data for a Late Eocene metamorphism, are
interpreted here as a consequence of low grade
metamorphic overprinting initiated by continent-continent

collision.

Conventional zircon data from two garnet-
pyroxenites and one eclogite at Alpe Arami

Conventional multi-grain U-Pb analyses of zircon
fractions from an eclogite and two garnet-rich
pyroxenite layers within the garnet-peridotite of
Alpe Arami are strongly discordant. Although
the errors of the upper intercept ages are large,
they are still in line with the mantle melting event
at 1.72 Ga as detected by the SHRIMP data. The
lower intercept ages, partly derived from slightly
scattering data, range between 33 Ma and 31 Ma.
They are interpreted as a result of mixing the age
of gabbroic and probably also pyroxenitic protolith

formation at ca. 35 Ma with the age of eclo-
gite-facies metamorphism at ca. 28.5 Ma. Such
mixing is due to the fact that both magmatic
zircon domains and metamorphically altered zircon
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domains were - apart from Precambrian inherited
cores - concurrently analyzed using the conventional

multigrain technique. Although ionprobe-
data are not yet available for the two conventionally

analyzed zircon populations of the two
garnet-rich pyroxenites, a Late Eocene age of mag-
matic formation is probable due to the similar
U-Pb zircon systematics of both eclogite- and gar-
net-pyroxenite zircons. Based on field observations

the pyroxenitic cumulates, the likely proto-
liths of the garnet-pyroxenites, were in magmatic
contact with the presently exposed peridotite.

Geodynamic implications

Geodynamic models for the Alpine evolution
have to incorporate the following new constraints
imposed by the presented results:

1) The data from the garnet-peridotite at Cima
di Gagnone argue for Oligocene HP-metamor-
phism within the Cima Lunga-Adula unit. This
surprisingly low age is supported by the somewhat
older (ca. 35 Ma) but also surprisingly young pro-
tolith age obtained for the eclogites at Alpe Ara-
mi which is also probable for the protoliths of the
deformed garnet-pyroxenites layers within the
garnet-peridotite of Alpe Arami. It has to be noted,

however, that these new data are not in conflict

with earlier (Cretaceous) ages of HP-meta-
morphism in structurally higher positions, e.g. in
the Sesia Zone of the Western Alps (Hunziker,
1974).

2) The time interval between gabbroic proto-
lith formation at Alpe Arami, HP-event, Barro-
vian-type overprint and cooling is very short. This
suggests a single P-T-t loop related to subduction
with the Barrovian-type metamorphism - often
misnamed as "Lepontine event" - occurring during

uplift (Trommsdorff, in press).
3) The zircon data from the garnet-peridotite

of Alpe Arami demonstrate a long lasting,
polymetamorphic history of this ultramafic rock.
They rather argue against an origin of these peri-
dotites as part of an oceanic mantle of Mesozoic
(Tethyan) age. However, such a scenario,
although improbable, can not be excluded
completely as oceanization might not have led to the
production of new zircon or to isotopic
disturbances in the 1.72 Ga old zircons.

Undoubtedly, the age of the gabbroic and very
probably also the ages of the pyroxenitic protoliths

of the eclogites and garnet-pyroxenites of
Arami exclude a Tethyan formation of these
rocks. Ca. 15 km to the NW of Alpe Arami, however,

the mafic and ultramafic rocks at Cima di
Gagnone could be shown to represent relics of

oceanic crust (Evans et al., 1979). Thus, a Tethyan
origin, respectively a Tethyan depletion event is
possible for these rocks. Nevertheless, the majority

of the presently exposed rocks within the Cima
Lunga-Adula unit certainly is of continental
lithospheric origin and the garnet-lherzolite of
Alpe Arami may well be part of it.

Additional constraints result from the present
structural position of the Cima Lunga-Adula
nappe complex, its inferred palinspastic position
and the age of subduction within the framework
of the metamorphic and magmatic evolution of
the Alps. The majority of this nappe complex
probably was rooted near the southernmost rim
of the European plate to the N of the N-Penninic
Valais basin. A recent study demonstrated the
presence of ophiolites within this basin (Schmid et
al., 1990) and thus the Valais basin was of oceanic
origin representing an important suture. In its
present configuration the Cima Lunga-Adula
nappe complex is likely to contain also Mesozoic
and/or older oceanic elements as well as tectonic
fragments derived from the continental
lithosphère of the mid-Penninic rise. The time of
closure of this northern ocean, separated from the
Piemont-Liguria trough by the mid-Penninic
continental rise (Briançonnais), is substantially
younger than closure of the Piemont-Liguria
ocean related to Cretaceous subduction and HP-
metamorphism also on sedimentological grounds.
The cessation of flysch sedimentation in the Valais

trough did not occur before Middle Eocene
(e.g. Ziegler, 1956) and roughly coincides with
the white mica ages at around 38 Ma at the
periphery of the Lepontine area (Steinitz and
Jager, 1981 and Hunziker, 1969). Therefore,
subduction of the Cima Lunga-Adula continental
lithosphère must have been post-collisional and
immediately followed by Oligocene Barrovian-
type metamorphism as well as backfolding and
backthrusting in the southern parts of the Lepontine

dome.
Taking into account the above mentioned

constraints, we tentatively propose the following
scenario for the evolution of the Central Alps:
Oblique closure of the Liguria-Piemont ocean
occurred during the Upper Cretaceous and led to
the superposition of the Austroalpine nappes
over the ophiolitic remnants of this ocean (Arosa-
Platta and Combin zones) and possibly parts of
the mid-Penninic rise (Briançonnais) by W to
NW-directed thrusting (Ring et al., 1988). The
northern oceanic domain (Valais) did not close
before Middle Eocene times when continental
collision during S-directed subduction of oceanic
lithosphère led to the cessation of flysch deposition.

This time coincides with a major episode of
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nappe piling in the middle Penninic realm (Tam-
bo - Suretta). The latter is associated with N-S to
NW-SE-directed lineations (Schmid et al., 1990)
also characteristic for contemporaneous and later
nappe formation in the Lepontine area (Merle et
al., 1989) as well as with a possible first metamor-
phic overprint in the peripheral parts of the
Lepontine dome. During ongoing plate convergence
and in an essentially post-collisional stage beginning

in the Middle Eocene those parts of the Cima
Lunga-Adula unit representing the southernmost
margin of the European foreland started to be
subducted.

It is important to note that all units of
continental crust adjacent to the Mesozoic oceanic
basins are part of Gondwana-derived continental
lithosphère. This is characterized, for example, by
the presence of Panafrican detrital zircons in
sediments and metasediments of the European plate
as far to the S as the Gotthard Massif (Gebauer et
al., 1989; Gebauer and Quadt, 1991) as well as in
metasediments of the Adriatic plate as far to the
N as the Strona Ceneri Zone (Grünenfelder et
al., 1984). Similar to the microcontinent-, respectively

terrane model as suggested for the multi-
subduction evolution of the European Variscides
during the Palaeozoic (e.g. Gebauer et al., 1989),
the Alpine orogen might best be interpreted as a
result of successive post-Carboniferous rifting of
Gondwana-type continental crust followed by
successive docking of the thus formed microcontinental

fragments in the Upper Cretaceous and
Eocene.

We conclude that the protoliths of the Alpe
Arami eclogites and pyroxenites were formed
during latest Eocene subduction from a peridotit-
ic mantle with a complicated and long prehistory.
Unfortunately, there are no unambiguous
constraints for solving the perennial problem on the
mode and relative timing of emplacement of the
ultramafic/mafic rock association into the present
metasedimentary and metaigneous country rocks
which are clearly different at the two studied
occurrences at Alpe Arami and Cima di Gagnone.
As a result of partial melting of peridotite at
35 Ma, the pyroxenitic veins and eclogites at Alpe
Arami formed from a mantle source with a similar
prehistory as the garnet peridotite. The latter is
plausible as both garnet-pyroxenites and eclogites
contain inherited mantle zircons of probably the
same Early Proterozoic age as those in the peridotite

at Alpe Arami. As melting of the peridotite is

likely to have occurred at significantly higher
temperatures than experienced by the essentially un-
melted felsic country rocks, tectonic juxtaposition
of the garnet-peridotite-eclogite-garnet-pyrox-
enite assemblage with the felsic country rocks

must have taken place after melting of the peridotite

at ca. 35 Ma. Most probably such a tectonic
mixing happened during rapid and differential
ascent of the subducted slab back to the surface (e.g.
Gebauer et al., 1985). Alternatively, melting of
the peridotite above 1000 °C might have occurred
due to fluid introduction from the upper part of
the subducted slab into the overlying subcontinental

mantle from which the peridotite has been
detached. Due to rapid subduction this uppermost

part of the subducted slab, mainly of
continental crustal composition, never reached the
high ambient mantle temperatures and thus these
felsic rocks might have been mixed tectonically
with the ultramafic/mafic mantle rocks already in
the course of deep subduction.

For the Cima di Gagnone garnet-peridotite
subduction of altered oceanic crust to at least
80 km (Trommsdorff, in press) and tectonic mixing

with the felsic country rocks is likely to have
occurred during the Oligocene assuming that the
protoliths of the basaltic meta-rondingites are of
Tethyan or older age.

Our best estimate for the time of maximum
burial (28.5 Ma) is only very slightly older than
the time of Barrovian metamorphism in the
Lepontine area and the onset of backfolding and
backthrusting (Schmid et al., 1990). It fits very
well with the uplift history of the southern steep
belt as derived from mica and fission track ages
(e.g. Jäger et al., 1967; Hurford, 1986 or Hurford

et al., 1989) and with observations made in
other very young orogenic belts, e.g. in Papua
New Guinea (Baldwin et al., 1990).

For the notorious problem of uplift of HP-
pressure rocks we feel that - apart from factors
like buoyancy, normal faulting during extensional
collapse and erosion - the corner flow model of
Cowan and Silling (1978) is especially attractive
in that it provides a kinematic flow pattern which
allows for contemporaneous subduction and
exhumation in a compressive and converging
environment. Furthermore, it provides a good
explanation for the observed increasing pressures
(Heinrich, 1986) along the direction of subduction

within the exhumed HP-rocks, i.e. from N to
S in our case. However, a modern structural study
aimed at resolving the kinematics of uplift of the
Cima-Lunga unit in respect to its surroundings is
not yet available in order to test this or any other
uplift model for HP-rocks.

Acknowledgements

We are grateful to Martin Frey and Hannes Hunziker
for stimulating discussions during last year's Adula field



GEODYNAMIC EVOLUTION OF ALPE ARAMI AND CIMA DI GAGNONE ROCKS 111

trip. The manuscript has benefitted from constructive
comments of Daniel Bernoulli, Niko Froitzheim, Victor
Koppel, Neil Mancktelow and Rudolf Trilmpy. The
professional help of Bill Compston, Peter Kinny and Ian
Williams in all aspects of SHRIMP dating of zircon is

gratefully acknowledged and Walter Wittwer is thanked
for doing the tedious mineral separation. This study was
supported by the Swiss National Science Foundation
(No. 21-27592.89).

References

Baldwin, S.L., Hill, E.J., Lister, G.S., McDougall, I.
and Ireland, T. (1990): P-T-t history of a young
orogenic belt, D'Entrecasteaux Island, Papua New
Guinea. Research School of Earth Sciences, ANU
Canberra, Annual Report 1990,36-37.

Cowan, D.A. and Silling, R.M. (1978): A dynamic
scaled model of accretion at trenches and its
implication for the tectonic evolution of subduction
complexes. J. Geoph. Res. 83, 5389-5396.

Deutsch, A. and Steiger, R.H. (1985): Hornblende K-
Ar ages and the climax of Tertiary metamorphism in
the Lepontine Alps (south-central Switzerland): an
old problem reassessed. Earth Planet. Sei. Lett. 72,
175-189.

Evans, B.W. and Trommsdorff, V. (1978): Petrogenesis
of garnet lherzolite, Cima di Gagnone, Lepontine
Alps. Earth Planet. Sei. Lett. 40, 333-348.

Evans, B.W., Trommsdorff, V. and Richter, W. (1979):
Petrology of an eclogite-metarodingite suite at Cima
di Gagnone, Ticino. Am. Miner. 64,15-31.

Gebauer, D., Lappin, M. A., Grunenfelder, M. and
Wyttenbach, A. (1985): The age and origin of some
Norwegian eclogites: A U-Pb zircon and REE-
study. Chemical Geology (Isotope Geoscience
Section), 52, 227-247.

Gebauer, D., Quadt, A., Compston, W., Williams, I.S.
and Grunenfelder, M. (1988): Archean zircons in a

retrograded, Caledonian eclogite of the Gotthard
Massif (Central Alps, Switzerland). Schweiz. Mineral.

Petrogr. Mitt., 68,485-490.
Gebauer, D., Williams, I.S., Compston, W. and

Grunenfelder, M. (1989): The development of the
Central European continental crust since the Early
Archean based on conventional and ion-micro-
probe dating of up to 3.84 b.y. old detrital zircons.
Tectonophysics 157, 81-96.

Gebauer, D. and Quadt, A. (1991): Geochronological
evidence for tectonic contacts between a Caledonian
meta-eclogite of the Gotthard Massif and its
country-rocks (Central Alps, Switzerland). Abstract for
"second international eclogite field symposium" in
Spain 1991, Terra abstracts Supplement 6 to Terra
Nova Volume 3, p. 6.

Grunenfelder, M., Williams, I.S. and Compston, W.
(1984): Use of the ion-microprobe in deciphering
complex U-Th-Pb systems in zircons from the pre-
Alpine basement, Switzerland. Terra Cognita, Special

Issue ECOG VIII, 26-27.
Heinrich, C.A. (1986): Eclogite facies regional meta¬

morphism of hydrous mafic rocks in the Central
Alpine Adula nappe. J. Petrol. 27,123-154.

Hunziker, J.C. (1974): Rb-Sr and K-Ar age determina¬
tion and the Alpine tectonic history of the Western
Alps. Mem. Ist. Geol. Min., Univ. Padova, 31, 54 p.

Hunziker, J.C. (1969): Rb-Sr-Altersbestimmungen aus
den Walliser Alpen, Hellglimmer- und
Gesamtgesteinswerte. Eclogae geol. Helv. 62/3, 527-542.

Hurford, A.J. (1986): Cooling and uplift patterns in the
Lepontine Alps, South Central Switzerland and an
age of vertical movement on the insubric fault line.
Contrib. Mineral. Petrol. 92, 413-427.

Hurford, A.J., Flisch, M. and Jager, E. (1989):
Unravelling the thermo-tectonic evolution of the Alps:
a contribution from fission track analysis and mica
dating. In: Coward, M.P., Dietrich, D. and Park,
R.G. (eds): Alpine Tectonics, Geol. Soc. Spec. Publ.
45,369-398.

Jager, E. (1973): Die alpine Orogenese im Lichte radio¬
metrischer Altersbestimmung. Eclogae geol. Helv.
66,11-21.

Jager, E., Niggli, E. and Wenk, E. (1967): Rb-Sr-Al-
tersbestimmungen an Glimmern der Zentralalpen.
Beiträge zur geologischen Karte Schweiz, NF, 134,
67.

Koppel, V. and Grunenfelder, M. (1975): Concordant
U-Pb ages of monazite and xenotime from the
Central Alps and the timing of high temperature
Alpine metamorphism: a preliminary report.
Schweiz. Mineral. Petrogr. Mitt. 67,13-26.

Merle, O., Cobbold, P.R. and Schmid, S.M. (1989):
Tertiary kinematics in the Lepontine dome. In:
Alpine tectonics (Coward, M.P., Dietrich, D. and
Park, R.G.,eds). Geol. Soc. Spec. Publ., 45,113-134.

Odin, G.S., Barbin, V., Hurford, A.J., Baadsgaard,
H., Galbrun, B. and Gillot, P.-Y. (1991): Multi-
method radiometric dating of volcano-sedimentary
layers from Northern Italy: age and duration of the
Priabonian stage. Earth Planet. Sei. Lett. 106, 151-
168.

Ring, U., Ratschbacher, L. and Frisch, W. (1988):
Plate-boundary kinematics in the Alps: motion in
the Arosa suture zone. Geology, 16, 696-698.

Schmid, S.M., Ruck, Ph. and Schreurs, G. (1990): The
significance of the Schams nappes for the
reconstruction of the paleotectonic and orogenic evolution

of the Penninic zone along the NFP-20 East
traverse (Grisons, Eastern Switzerland). In: Deep
structure of the Alps (Roure, F., Heitzmann, P. and
Polino, R., eds). Mém. Soc. géol. France, 156,
263-287.

Sommerauer, J. (1978): Cathodoluminescence-correlat-
ed trace and minor element distribution patterns in
zircon. Int. Symp. Appl. Meth., 1.

Steinitz, G. and Jager, E. (1981): Rb/Sr and K/Ar stud¬
ies on rocks from the Suretta nappe, East Switzerland.

Schweiz. Mineral. Petrogr. Mitt. 61,121-133.
Trommsdorff, V. (in press): Metamorphism and tecton¬

ics in the Central Alps: the Alpine lithospheric
mélange of the Cima Lunga and Adula. Mem. Soc.
Geol. Ital.

k 'lJL
Trommsdorff, V., Evans, B.W. and Richter, W. (W5):

Eklogit/Rodingit-Übergänge in Ultramafitèjtt/der
Cima-Lunga-Serie. Schweiz. Mineral. Petrogi;,fjMitt.
3,572-574. i;i

Ziegler, W. (1956): Geologische Studien in den
Flyschgebieten des Oberhalbsteins (Graubünden).
Eclogae geol. Helv., 49,1-78.

Manuscript accepted January 21,1992.


	The geodynamic evolution of garnet-periotites, garnet-pyroxenites and eclogites of Alpe Arami and Cima di Gagnone (Central Alps) from Early Proterozoic to Oligocene

