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SCHWEIZ. MINERAL. PETROGR. MITT. 71, 441-451,1991

Relics of high-pressure metamorphism
in different lithologies of the Central Alps,

an updated inventory

by H.-R. Pfeifer1, A. Colombi', J. Ganguin2, J. Hunziker1, R. Oberhänsli3 and L. Santini1

Abstract

In the Eastern and Western Alps, Cretaceous high-pressure mineral parageneses have been known for a long time. In
the Central Alps s.l. between the Aosta and the Engadine Valley, the identification of more and more high-pressure
relics in different lithologies suggests that large parts of the Pennine and Austroalpine nappe units of this region have
also been involved in the Upper Cretaceous subduction event. Especially in the tectonically higher units, some of
these high-P mineral parageneses survived the later Tertiary Barrovian type metamorphism in the cores of boudins or
in the cores of coronas at thin-section scale. In mafic rocks such relics include the classical garnet-omphacite assemblage

(± glaucophane, phengite, kyanite, talc, chloritoid) and lawsonite pseudomorphs consisting of zoisite and
paragonite. Barroisitic cores in zoned amphibole crystals and albite / oligoclase / andesine-diopside-paragasite in
symplectic microstructures are typical for the later decompression events. In ordinary pelitic rocks typical high-pressure

relics are garnet-phengite-paragonite (± omphacite, glaucophane, chloritoid). In Al- and Mg-rich pelitic rocks
kyanite-talc-Mg-chloritoid occur. Plagioclase-grossularite-rich garnet found in the Central Ticino area seem to
indicate an unusual high pressure regime for the region. In granitic as well as in pelitic rocks, white mica with a 3T
structure often coupled with unusual high Mg-Fe contents (RM > 0.12) indicate a former high-P history. Clinopy-
roxenes range from almost pure jadeites to aegirine-rich omphacites. In carbonate rocks a possible relic association is
calcite-dolomite-diopside-zoisite. Ultramafic lithologies are not very sensitive to high-P conditions, the only sure relics
involve garnet-forsterite-enstatite ± clinopyroxene with fresh garnet or pseudomorphs thereof. Different maps of the
Central Alps s.l. have been compiled showing these relics as a function of lithology and tectonic unit, based on recent
published and unpublished data.

Keywords: Metamorphism, high-pressure relics, blueschist, eclogite, Central Alps.

Introduction

It was during the period of 1965 to 1975 that
omphacite- and glaucophane-bearing, mainly mafic
rocks of the Western and Eastern Alps were recognized

as indicators of a Cretaceous " early-Alpine "

or "Eoalpine") high-pressure metamorphism
(Bearth, 1959; Plas, 1959; Niggli, 1973; Hunziker,

1974; Bocquet et al., 1974; Frey et al., 1974,
and many articles in that volume). Since that time,
more and more mafic rocks exhibiting eclogite-
facies parageneses and relics of such have been

discovered even in areas strongly overprinted by
the Tertiary alpine orogeny (Ernst, 1977, 1981;
Evans, Trommsdorff and Richter, 1979; Heinrich,

1982, 1986). During the last five years
additional relics of early-Alpine high-pressure
metamorphism have been identified, especially in pelitic
and granitic lithologies. Only part of this information

is published, and the following short review
intends to summarize the present-day knowledge,
albeit still limited, of an author team that has been
involved in high-pressure research for several
years. The area dealt with covers the Central Alps
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2 Hangweg 89, CH-3097 Liebefeld, Switzerland.
3 Institut für Geowissenschaften, Johannes Gutenberg Universität, Saarstrasse 21, D-6500 Mainz,
Federal Republic of Germany.
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INVENTORY OF HIGH-PRESSURE RELICS IN THE CENTRAL ALPS 443

S.I., i.e. between the Aosta Valley in the west and
the Engadine valley in the east. Lithologies
distinguished are mafic (basaltic and gabbroic), granitic,
pelitic, carbonate and ultramafic rocks (Figs 1 to 3).
Rather than to publish an interpretative synthesis,
we present an updated inventory that contains
more than thirty new localities exhibiting high-
pressure relics.

Relics of high-pressure mineral assemblages
occur in two typical situations: (1) in rock bodies
that have survived the Tertiary penetrative
deformation; these range in size from half a meter to
several hundred meters, and either lie between
megascopic shear zones or in the core of boudins
and (2) as the core of corona structures at thin-
section scale.

2. Mafic rocks (Fig. 1)

The typical high-pressure paragenesis in these
rocks is omphacite-garnet. The additional presence
of glaucophane, lawsonite (in the Central Alps
found as yet only as pseudomorphs) and/ or parag-
onite indicates relatively low-temperature high-
pressure metamorphism, i.e. low-temperature ec-
logite- or blueschist-facies, whereas the presence of
kyanite indicates the presence of the high-pressure
eclogite-facies (FIeinrich, 1986).

Except riebeckite and Mg-riebeckite, blue
amphiboles indicate high-pressure-low-temperature-
regimes. The newly defined epidote-blueschist
facies (Evans, 1990) is rarely evident from relics
in the Central Ticino area, but is found at its
periphery. This can be explained by the fact that
the epidote-blueschist mineralogy is very susceptible

to retrogression. In the Central Alps blue-green
amphibole such as barroisite or winchite is often
found in the core of green amphibole grains (actin-
olite, pargasite, common hornblende) and
corresponds, according to most authors, to the retrograde

part of the P-T path of high-pressure mafic
rocks, i.e. to pressures between 5 and 10 kbar
(Ernst, 1979; Laird and Albee, 1981; Ganguin,
1988).

Assemblages of symplectic diopside + pargasitic
amphibole or magnesio-hornblende + albite / oli-
goclase / andesine, which are typical for eclogitic
amphibolites (or "meta-eclogites") also seem to
correspond to an intermediate retrogressive stage
of mafic eclogites (Colombi and Pfeifer, 1986; Co-
lombi, 1989). In upper amphibolite-facies terrains,
where diopside-amphibole-plagioclase is the stable
paragenesis, the recognition of such rocks is somewhat

critical, because the normal amphibolite-
facies pyroxene-plagioclase assemblages only differ

in their higher anorthite-content in plagioclase

from retrogressive ones, formed after eclogite
(Colombi, 1989).

Recent studies have shown that basaltic and
gabbroic protoliths often exhibit quite different
behavior during metamorphism, due to the different

bulk rock composition, especially at medium
P-T-conditions. Minerals of the relatively Ca- and
Al-rich and Fe-poor metagabbros are often more
Ca-rich than their counterparts in meta-basaltic
rocks (e.g. plagioclase and amphiboles, Colombi,
1989; Pfeifer et al., 1989). In addition, Mg-rich
minerals like chlorite and Mg-chloritoid and talc
are often abundant in metagabbros. At high
pressures the differences are less pronounced and for
this reason we only present one single map. Mafic
rocks rich in glaucophane often correspond to
former basaltic rocks enriched in sodium (spilites).

In the following discussion, the different regions
are presented from west to east. Emphasis will be
placed on recently published and unpublished
investigations. A rather complete overview of the
high-pressure mineralogy of mafic rocks of the
Central Alps is given by Oberhansli (1986, Tab. 2),
although the paper as such is limited to the Pennine
region and emphasizes blue amphiboles of Meso-
zoic rocks.

For the Austroalpine basement nappes (Sesia,
Dent Blanche, Mt. Emilius etc.) Martinotti and
Hunziker (1984) discuss most recent publications.
However, detailed investigations on a regional
scale of the high-pressure mineral parageneses as a

function of lithology are still missing and the maps
presented here are mainly based on the few
published pétrographie maps of the Sesia zone (Com-
pagnoni, 1977; Passchier et al., 1981; Koons, 1982,
1986; Lardeaux et al., 1982; Stunitz, 1989). The
controversy concerning the significance of blue
amphiboles (barroisite, crossite) in the Dent
Blanche nappe continues. Whereas for the Sesia

zone and the isolated Austroalpine klippen, no one
doubts the Alpine age of the high-pressure
metamorphism, some authors reject the hypothesis of a

high-pressure event in the Dent Blanche nappe
(Ballèvre et al., 1986,1987), and others postulate
an early-Alpine high-pressure phase based on the
occurrence of blue amphibole in mylonites along
granite-gabbro contacts (Bucher-Nurminen, pers.
commun. 1989). Age determinations of 45—47 Ma
(Ayrton et al., 1982) could be interpreted as mixing

ages (Hunziker et al., 1989).
For the Southern (internal) Pennine basement

nappes of Gran Paradiso and Monte Rosa, Dal
Piaz and Lombardo (1986) summarized eclogitic
parageneses found in basaltic, metapelitic and my-
lonitic granitic rocks. Additional information
especially for the adjacent Piemonte ophiolites can be
found in Benciolini et al. (1984).
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Concerning the basement nappes of the northern
(external) Pennine domain of the Valais region, in
the Mont Fort nappe (mainly former "Métailler"
zone) and the Siviez-Mischabel nappe (part of the
Bernhard super-nappe, west of the Dent Blanche
nappe, Escher, 1988) more and more blue amphibole

(mainly glaucophane) occurrences of
undetermined age are being found in mafic and pelitic
schists, extending farther to the south than previously

thought (Wust and Baehni, 1986; Schurch et
al., 1986; Schurch, 1987; Gouffon, 1990). Recently,

omphacite-bearing mafic eclogites, described by
Gilliéron (1946), have been reexamined in the
basement of the Siviez-Mischabel nappe in the
Turtmann Valley, 25 km E of Sion/Valais (Zingg,
1989; Sartori, 1990; Thélin et al., 1990). Their age
is still in debate, but many geological features indicate

a Paleozoic age. In the Berisal zone of the
Pontis nappe, E of Brig/Switzerland, Stille and
Oberhansli (1987) have found zoned Cr-diopside-
rich cores of clinopyroxene in tremolite grains of
garnet-bearing amphibolites, which they interpret
as high-pressure relics.

Ophiolites ofthe Piemonte zone in general: In the
Zermatt-Saas zone south of the Swiss-Italian border
very little work has been done since the classical
study of Dal Piaz and coworkers, culminating in
publications like Ernst and Dal Piaz (1978 a, b),
Gosso et al. (1979). Local studies by Du Bois and
Looser (1987) in Val d'Ollomont, NE of Aosta, and
by Vannay and Allemann (1990) at Valtour-
nanche/Cervinia have confirmed the existence of
barroisite in the former and omphacite-glaucophane
in the latter region. For the Zermatt-Saas zone near
Zermatt and Saas Fee, several detailed penological
and geochemical studies have confirmed the classical

work of Bearth (e.g. 1974), but include careful
P-T estimates and detailed textural evidence
(Oberhansli, 1980,1983; Meyer, 1983; Barnicoat
and Fry, 1986; Ganguin, 1986, 1988; Barnicoat,
1988). Among other features, these authors have
identified ferrogabbroic eclogites. They have found
talc-kyanite veins and were able to show that the
paragenesis Mg-chloritoid-talc-garnet is limited to
magnesiogabbroic protoliths.

Ophiolites of the Antrona zone (NE Piemonte
zone), including the complex Furgg zone W of Do-
modossola/Italy: Careful geological mapping and
sampling has shown that only in rare cases true
eclogites (containing omphacite) have survived the
Tertiary amphibolite facies metamorphism in the
cores of gabbroic or basaltic amphibolite boudins
(Wahli-Wenger, 1985; Lobrinus and Béglé, 1985;
Vinard, 1986; Cornaz, 1988; Colombi, 1989). P-T
estimates based on omphacite-garnet pairs have
been made by Colombi and Pfeifer (1986) and by
Ladeuze (1988).

Ophiolites of the Southern Steep Belt between
Domodossola / Italy and Locarno / Switzerland:
These zones in part accompany the eastern continuation

of the Monte Rosa nappe as far as Locarno
(eastern continuations of the Antrona and the
Zermatt-Saas zones, Isorno-Orselina zone, Cardada
zone etc.). No omphacite has been found, but diop-
side-rich pyroxene cores of amphibole grains and
the aforementioned diopside-oligoclase symplec-
tites are very likely the only relics of the Cretaceous
high-pressure event (Colombi, 1989; Colombi and
Pfeifer, 1986).

Basement of the Central and Eastern Ticino
area: After the fundamental studies of Ernst
(1977), Evans et al. (1979) of the Cima Lunga
nappe (western part of the Adula nappe), a few
other authors studied dispersed eclogite relics of
the same region, e.g. Heinrich (1982, 1986), and
Bocchio et al. (1985). Selected mafic eclogites of
the eastern and southern Adula nappe have been
decribed by Heinrich (1982,1986), Aurisicchio et
al. (1985) and Oberhansli (1986). Hunziker (1989)
and Santini (1991) have studied the same area at a

regional scale, including the Tambo and the Suretta
nappe, emphasizing geochemical and age relations.

The blue amphibole occurrences of the Southern

Grisons/Switzerland (Avers, Engadine), were
studied by Oberhansli (1978). The sodic amphibole

occurrences, which are only in part related to
mafic rocks, were recently reviewed by Oberhansli

(1986).
Detailed mineral and bulk rock data on yet

undated mafic eclogite assemblages were recently
published by Maggetti and Galetti (1988) on the
Paleozoic basement of the Austroalpine Silvretta

nappe in Northern Grisons/Switzerland.

3. Pelitic rocks and granitic mylonites (Fig. 2)

Here we group all non-mafic rocks that contain
abundant white mica. This mineral is more likely to
preserve its high-pressure structure than other
minerals, such as sodium-rich amphiboles or clinopyroxene

(Frey et al., 1983). These authors use the

presence of Alpine 3T-type white mica and their
RM-content larger than 0.12 (RM 2 Fe203 + FeO
+ MgO as mole % to define regions of eo-Alpine
high P/low T metamorphism on both sides of the
Central Ticino area, where the Tertiary metamorphism

is predominant. Their 3T-type distribution
map served as the primary base of figure 2. Using
the experimental white mica-K-feldspar data of
Massonne and Schreyer (1987), Hammerschlag
(1985) estimated unusual high pressures of more
than 8 kbar for white mica cores of the Berisal zone
E ofBrig/Switzerland. Hammerschmidt and Frank
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(1991) who worked in the same region obtained
slightly higher pressures (13 kbar). However such
relics are rare outside the region of eo-Alpine glau-
cophane or omphacite.

The most conspicuous mineral parageneses
contained in high-pressure Al- and Mg-rich pelitic
and granitic rocks are those involving talc and/or
kyanite (details see Fig. 2). Such assemblages have

mainly been found in the Western Central Alps (see
review by Dal Piaz and Lombardo, 1986), which is
in part based on earlier publications by Chopin
(1981) and Chopin and Monie (1984). In a quartz-
rich layer of the Combin unit at Breuil/Cervinia,
Röthlisberger (1985) has found kyanite-celadon-
ite-rich phengite. In the same area, but also in the
Gran Paradiso, Chopin (pers. comm. 1990) has
found more relics of high pressure, including talc-
phengite and kyanite-phengite (cf. Fig. 2). Also the

pure jadeite-bearing granitoid rocks of Mucrone
and similar metagranitoid bodies of the SE Sesia

zone seem to represent rather unique occurrences
(Oberhansli et al., 1985; Biino and Compagnoni,
1989), within the Central Alps s.l.

In ordinary metapelitic rocks (i.e. with moderate

Al- and Mg-contents), a few authors have
identified the omphacite- and/or glaucophane-free
paragenesis of paragonite-phengite-garnet as a

high-pressure equivalent of a later, lower-pressure
paragenesis of biotite + less phengitic white mica
(Laduron and Martin, 1969: Monte Rosa nappe in
Valle Anzasca; Ganguin, 1988: Zermatt-Saas zone
in the Täsch Valley; Heinrich, 1982: Adula nappe).
Phengite-chloritoid-garnet ± kyanite or chlorite is

another high-pressure mineral paragenesis of me-
tapelites that has only recently been described
(Vuichard and Ballèvre, 1988: Sesia zone). For
the Dent Blanche nappe, Ballèvre and Kienast
(1987) relate the presence of Mg-riebeckite and
crossite, coexisting with garnet in impure quartzite,
to the particular bulk rock composition and not to
high pressure. However, Oberhansli and Bucher-
Nurminen (1987) and Jaquemin (1990) have found
celadonite-rich phengites in metagranitic rocks and
attribute them to an unusually elevated pressure
for the area.

Carpholite, which is a common mineral in the
blueschist domain of the Western Alps (Goffe and
Chopin, 1986), has only been found as pseudo-
morphs in the metasediments of the Valais and the
Piemonte zone (Goffe, pers. commun. 1990).

In the Central Ticino area, Irouschek (1983,
1985) found garnets in staurolite-alumosilicate-
mica schists which are strongly enriched in grossu-
lar component. Using the garnet-biotite-plagio-
clase thermobarometer of Aranovich and Pod-
lesskiy (1980), these rocks correspond to pressures
between 8 and 11 kbar with corresponding temper¬

atures ranging from 550 to 630 °C. Koch (1982) has
obtained comparable results for the more easterly
Adula nappe, whereas Teutsch (1982) has only
found white mica somewhat enriched in phengite
in the Misox zone. These unusual high pressures
for the region are tentatively interpreted by these
authors to correspond to the intermediate retrograde

path beween the eo-Alpine and the Tertiary
Barrovian type metamorphism. The only white
schist paragenesis yet known from this part of the
Alps has been decribed by Santini (1991) from a
metasomatic metapelite layer within an eclogite
boudin of the Adula nappe in the northern Calanca
valley.

4. Carbonate rocks (Fig. 3)

Despite the fact that calcite-bearing rocks are poor
pressure indicators, Ganguin (1986) has identified
the parageneses calcite-dolomite-diopside-zoisite
as the high-pressure equivalent of the omphacite-
bearing mafic rocks of the Zermatt-Saas area (cf.
Franz and Spear, 1983, for the Tauern window). In
the Central Ticino area also Grutter (1929), Kobe
(1956) and Trommsdorff (1966, from Someo, Val-
maggia) describe the same paragenesis, however
without attributing them to high-pressure
metamorphism. In the Breuil/Cervinia area south of
Zermatt, Röthlisberger (1985) described om-
phacite-marbles similar to the ones found in the
Sesia zone (Compagnoni et al., 1977; Compagnoni,
1977). A systematic search would certainly identify
similar rocks in other high-pressure areas.

5. Ultramafic rocks (Fig. 3)

Because the pressure-dependence of equilibria
involving spinel is only poorly known (Engi and
Evans, 1980; Fabries, 1984), only Ca-Al-rich ultra-
mafic rocks contain known pressure-sensitive
parageneses (garnet-clinopyroxene, garnet-orthopyrox-
ene). However this rock type (metalherzolite) is

relatively rare. Evans and Trommsdorff (1978)
and Ernst (1978) identified the few occurrences of
garnet-clinopyroxene-metaperidotites of the Central

Ticino area as eclogite-facies rocks equivalent
to the mafic eclogites known from the same zone
(Cima Lunga-Adula nappe, see section 2). However,

rocks containing typical chlorite ± tremolite
aggregates (or small nodules) corresponding to garnet

relics are quite abundant (Kobe, 1956; Evans
and Trommsdorff, 1970; Rost et al., 1979; Heinrich,

1983) and are included here as high-pressure
indicators (high temperature eclogite facies).
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Ca-poor (metaharzburgitic) rocks contain the
uniform paragenesis enstatite-olivine-chlorite-
FeCr-spinel from higher amphibolite facies to
eclogite facies conditions (Pfeifer, 1981, 1987;
Heinrich, 1983). According to theoretical phase
diagrams for pure end members, calculated with
the thermodynamic data set of Berman (1988),
the solid-solid equilibrium anthophyllite going to
talc + enstatite at higher pressures is situated at
pressures between 8 and 10 kbar for amphibolite
facies temperatures. Consideration of the solid-solution

in the minerals would shift it to even higher
pressures. However, the presence of the pair
enstatite-talc in late metasomatic veins of presumable

Tertiary age seems to invalidate the pressure
indication of the theoretical phase diagram (Pfeifer,

1987).
In serpentinites, antigorite-olivine + Ca-silicate

(diopside, tremolite)-magnetite-chlorite paragene-
ses are only slightly sensitive to pressure (Evans,
1977; Pfeifer, 1987). However, ganguin (1988)
presents arguments that some of the antigorite-
olivine-tremolite rocks of the Zermatt area have
been formed at high-pressure. The presence of tita-
nian clinohumite is considered as a high-pressure
indicator by many authors. Experimental work by
Engi and Lindsley (1980) and its conspicious
distribution at medium-grade metamorphic terraines
(Evans and Trommsdorff, 1983) showed that the
stability of this mineral is not governed by pressure,
but by temperature and the bulk rock chemistry
(more abundant in lherzolitic ultramafics).

5. Conclusions

This inventory testifies the existence of many more
relics of Paleozoic and Cretaceous high pressure
events than have previously been known. Especially

the area of the early Alpine (Cretaceous) high
pressure metamorphism is considerably more
extensive than thought some years ago (Frey et al.,
1974, 1983). In particular in areas strongly
deformed and metamorphosed during the later
Tertiary events, new relics have been identified. As
expected, tectonically higher units preserve high-
pressure relics more readily than lower units (e.g.
Adula nappe). Although we think that the data
presented here do not allow yet a synthesis, the
maps of figures 1 to 3 seem to indicate a poorly
defined, but nevertheless visible, metamorphic zo-
nation of the Cretaceous event, which is surprisingly

parallel to southwest-northeast striking
boundaries of the Alps. In the more external parts
of the Central Alps s.l. blueschist facies paragene-
ses seem to dominate, whereas in the more internal
ones eclogite facies dominate.

In addition, the fact that the high pressure relics
are not confined to particular tectonic units
indicates that very probably almost all of the actual
Central Alps was once subducted to depths
corresponding to blueschist and eclogite facies. Thus, the
piling-up of the basement nappes, as it is preserved
today, very problably dates from this same high-
pressure Cretaceous event. During the Tertiary
then, the Central Alps seem to have just been folded

and metamorphosed again, without major
displacement of the different basement nappes relative

to each other.
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