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High-pressure metamorphism and deformation at Trescolmen,
Adula nappe, Central Alps*

by Christian Meyre' and André R. Puschnig’

Abstract

The Adula nappe of the Central Alps represents a lower Penninic basement nappe within the Lepontine area and
underwent four stages of Alpine deformation (D1-D4). D1 is characterized by a foliation preserved only within
eclogites related to southward subduction and imbrication of crystalline basement and Mesozoic sedimentary rocks.
During D1, the Adula nappe was subjected to prograde high-pressure metamorphism culminating under eclogite
facies conditions. Top to the north stacking of the Penninic nappes (D2) started under peak pressure conditions and
continued during uplift, most probably with increasing temperatures (eclogite facies to middle amphibolite facies
conditions at the Trescolmen locality). D2 produced the NE dipping main foliation within the Adula basement and
the surrounding rocks together with the predominant N-S oriented stretching lineation (L2). Isoclinal folding and
boudinage of eclogitic layers, quartzites and marbles may also be attributed to D2. Open folds and crenulations are
typical for D3, a deformation event that probably took place under lower amphibolite facies conditions. Kinking
and slight undulation of the gneisses was produced during D4 under greenschist facies conditions. Extensive zones
of steeply plunging, subvertical joints (post-D4, striking NE-SW) are associated with the latest stages of uplift of the

Lepontine area.
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Introduction

The lower Penninic Adula nappe is the largest
basement nappe complex in the eastern part of
the Central Alps (Fig. 1). It predominantly con-
sists of pre-Mesozoic leucocratic granitic gneisses
and metapelitic micaschists with minor basic and
ultrabasic rocks, marbles and quartzites. For the
marbles and quartzites ("internal Mesozoic"), oc-
curring as thin slices interleaving with pre-Meso-
zoic basement lithologies, a Mesozoic sedimenta-
tion age (Triassic) was postulated (JEnNY et al,,
1923, Prosst, 1980). Based on geochemical data,
Santint (1992) suggested that the majority of the
basic rocks are derived from MOR basalts and
minor amounts from "within plate" basalts. Me-
sozoic sedimentary rocks separate the Adula
nappe complex from the Tambo nappe (hanging-
wall) and the Simano nappe (footwall). The

Misox zone in its hangingwall consists of Biind-
nerschiefer, ophiolites and thin slices of Adula
basement, the transition being a gradual one. The
base of the Adula nappe, however, is marked by a
discrete mylonite horizon.

The middle and southern part of the Adula
nappe are overprinted by the mid-Tertiary Bar-
rovian type regional metamorphism (Frey et al.,
1980). Isogrades cross-cut the Alpine nappes in a
NW-SE striking direction (WENK, 1970). The
metamorphic grade increases from middle green-
schist facies in the Biindnerschiefer to the NE of
the Adula nappe (Kuprerscamip, 1977) to upper
amphibolite facies in the southern part of the
Adula nappe (KLEIN, 1976; Kocn, 1982).

In the northern and middle Adula nappe and
in the adjacent Cima Lunga unit, the Barrovian
type metamorphism overprinted an older high
pressure metamorphic event which was recog-
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Fig. 1 Simplified geological map of the castern Cen-
tral Alps (modified after Hemwricy, 1983). The investi-
gated area of Trescolmen is marked with a black lined
rectangle.

nized in metabasic and metapelitic rocks of the
Adula basement (HEINRICH, 1982), in the "inter-
nal Mesozoic" (VAN DER Pras, 1959). The high-
pressure metamorphism shows a pronounced zo-
nation from north to south (HemRrIcH, 1986; for
locations see Fig.1):

Vals 450-550 °C/10-13 kbar north

Confin 450-550 °C/12-22 kbar

Trescolmen 550-650 °C/15-22 kbar

Gagnone 600-700 °C/15-25 kbar
Alpe Arami
and Duria  750-900 °C/18-35 kbar south.

No evidence for this high-pressure metamor-
phism is found in the Simano nappe. Regarding
the Tambo nappe elevated pressures are indicat-
ed by the Si-content of white micas (BAaupin and
MARQUER, 1993, p. 285-299 this volume). This
suggests that eclogite facies metamorphism is re-
stricted to the Adula nappe. The age of the high-
pressure metamorphism in the Adula/Cima Lun-
ga unit is controversial. U-Pb zircon data from
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Cima di Gagnone indicate an age of 28.5 Ma for a
garnet-peridotite/eclogite high-pressure associa-
tion (GEBAUER et al., 1992). This Oligocene age is
slightly younger in respect to the late Eocene age
(35 Ma) obtained for the gabbroic protoliths of
the eclogites at Alpe Arami (GEBAUER et al.,
1992). Sm-Nd dating of samples from Alpe Ara-
mi vield nearly identical garnet-clinopyroxene-
whole rock ages of ca. 40 Ma for garnet-lherzolite,
garnet-pyroxenite and eclogite (BECKER, 1992).
On the other hand, a Sm—-Nd garnet-clinopyrox-
ene-whole rock isochrone determined for an ec-
logite of Trescolmen leads to an age of 92.5+ 7.2
Ma which is significantly older (BECKER, 1992).

The structural and metamorphic evolution of
mafic boudins and sourrounding rocks of the in-
vestigated Trescolmen area is generally in con-
cordance with the tectono-metamorphic evolu-
tion proposed by Low (1987) for the northern
Adula nappe. For the Trescolmen area, however,
the second deformation phase D2 (introduced by
Low, 1987 as "Zapport" phase) should be devided
into two subphases (this study).

Deformation

The structural elements observed in the field can
be assigned to four phases of deformation. These
deformation phases are based on the structural
classification and the nomenclature previously es-
tablished for the northern part of the Adula
nappe (Low, 1987). The orientation of the struc-
tures are shown in figure 2.

DEFORMATION PHASE 1

D1 ("Sorreda" phase) is characterized by the im-
brication of the Adula basement with Mesozoic
sedimentary rocks of the Misox zone (marbles
and quartzites). The sharp contacts between the
metapelitic rocks and the granitic gneisses are
also imbrication contacts. Because of the pene-
trative foliation and the strong shear component
of the later D2 phase no signs for the transport
direction in regard to imbrication could be ob-
served.

The imbrication planes dip 20 to 45° to the
ENE and lie parallel to the later main foliation S2.
In mafic eclogites a S1-foliation is well preserved
and consists of recrystallized, elongated ompha-
cites and aggregates of recrystallized garnets. In
all others lithologies only relics of a S1-foliation
can be recognised (BAumGARTNER and Low,
1983). At Trescolmen such relics are found within
plagioclase porphyroblasts in granitic gneisses
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Fig. 2 Stereographic projection (equal area projection, lower hemisphere) of the observed structural elements at

Trescolmen (D1-D4). For explanations, see text.

and metapelitic rocks, defined by the orientation
of biotite within these porphyroblasts.

DEFORMATION PHASE 2

D2 is the dominant phase in the studied area,
characterized by the main foliation S2, a stretch-
ing lineation L2 and a subhorizontal generation of
folds F2 parallel to L2. In the northern Adula
nappe, D2-deformations ("Zapport" phase) are
overprinting the imbrication contacts within the

nappe (Low, 1987). For Trescolmen we devide D2
into two subphases:

i) D2a under eclogite facies
("Trescolmen" phase),

ii) D2b due to + isothermal uplift from eclogite
to middle amphibolite facies conditions ("Zap-
port" phase).

D2a: In the cirque of Trescolmen the mafic
eclogites are less overprinted by the later amphi-
bolite facies metamorphism than the surrounding
metapelitic rocks. Thus, isoclinal eclogite facies
folding of S1 in the metabasic rocks is still observ-

conditions
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able. In the axial plane of the D2a-fold shown in
figure 3, the metapelitic rock preserves the high-
pressure assemblage Qtz-Grt-Ky-Phe = Omp
(mineral abbreviations after Kretz, 1983: Phe =
phengite). The limbs of the F2-folds, and there-
fore, also the Sl-foliation within the eclogites lie
parallel to the S2-schistosity (D2a) within the en-
closed high-pressure metapelitic rocks. This only
apparently suggests a transition of the foliation of
the eclogites into that of the metapelitic rocks. In
fact the two foliations belong to different defor-
mation phases. In addition several N-S oriented
isoclinal folds within metapelitic rocks (D2b) are
present, clearly overfolding an older foliation
(D2a).

D2b: The isoclinal mesoscopic fold axes (F2b)
are subhorizontal and strike NNW to SSE. The
fold axial plane dips 20 to 50° to the ENE. Sub-
parallel to the axial plane a penetrative foliation is
developed. This foliation is the main foliation S2,
which dips 40° to the ENE. The subhorizontal
stretching lineation is parallel to the fold axes
F2b. Shear bands, antithetically rotated asym-
metric boudins and oblique grain shapes of re-
crystallized quartz indicate a top to the north
movement, which probably reflects the direction
of the main nappe transport. Microscopic investi-
gations support the top to the north movement by
the existence of microscopic shear bands, mica
fish in metapelitic rocks and granitic gneisses, and
d-structures of garnet with asymmetric pressure
shadows of quartz in metapelitic rocks. Feldspar

82
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3 Grt-Ky-Quartzite 10cm

Fig. 3 Mafic eclogite boudin (Swiss coordinates
733.600/139.600) showing an isoclinal, eclogite facies
folding of S1 during D2a which is less overprinted by the
later amphibolite facies metamorphism than the sur-
rounding metapelitic rocks. The enclosed metapelitic
rock preserves the high-pressure assemblage (Otz-Grt-
Ky-Phe = Omp) in the axial plane of the D2a fold. The
dehydration of the metapelitic rocks occurred after D2a
and lead to marginal hydration of the previously folded
eclogitic mafic boudins during D2b (amphibolite facies).
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clasts in the granitic gneisses do not represent
clear indicators for the shear sense. K-feldspars
show myrmekites which are probably deforma-
tion-induced (SimpsoN and WiNTsCH, 1989).

Boudinage of the mafic rocks also belongs to
the D2-phase. The stretching direction indicated
by the lined up boudins is also parallel to the
stretching lineation L2. In the pressure shadows
isolated quartz segregations with white mica and
kyanite may be found.

DEFORMATION PHASE 3

Folding of the main foliation S2 is characteristic
for mesoscopic folds formed during D3 ("Leis"
phase). F3 overfolds the lined up mafic boudins.
The fold axes dip 35° to the ENE. In phyllosili-
cate-rich domains (metapelitic rocks) a crenula-
tion is observed, while open folds are typical for
quartz-rich domains (granitic gneisses). A new
foliation S3 develops only locally in the form of a
crenulation cleavage. Parallel to the F3-fold axes.
D3 produces an E-W-oriented mineral stretching
lineation formed by biotite, muscovite, chlorite
and epidote. Microstructural investigations (shear
bands, mica fish, asymmetric clasts) point to an
extensional phase with top to the east movement
(ParTZSCH, pers. comm.). Plastic deformation of
plagioclase suggests temperatures above 500 °C
(TurLs, 1983). F3-folds are parasitic structures on
a flat-lying north-closing megafold to be found
north of the Trescolmen area (Low, 1987) with a
core consisting both of both basement and inter-
nal sedimentary rocks of the Adula nappe, sur-
rounded by North Penninic Mesozoic (Biindner-
schiefer). The investigation area lies in the upper
limb of this megafold, hence only one vergency
(north) is developed.

DEFORMATION PHASE 4

In some rare cases a slight undulation and kinking
of the gneisses may be observed (D4, "Carassino”
phase). The fold axes show the same orientation
as F3. This phase can be located in the transition
zone between ductile and brittle conditions. The
associated structures are parasitic structures of a
flexure in the northern part of the Adula nappe
(Low, 1987). According to Low (1987) the tem-
peratures for this deformation phase are above
300 °C (microstructural evidences).

Extensive zones of steeply plunging to sub-
vertical joints (striking NE-SW) of a brittle defor-
mation are related to the uplift of the Lepontine
(post-D4 deformation).
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Metamorphism

In mafic boudins occurring within metapelitic
rocks, the eclogite paragenesis Omp + Grt + Ky +
Qtz + Hbl + Rt can be observed. This assemblage
could be the product of a dehydration reaction (1)
described by HEINRICH (1986):

Pg + Ep + Hbl + Qtz = Omp + Ky + H,O. (1)

The eclogite boudins are marginally trans-
formed into amphibolites, due to retrograde reac-
tions during uplift of the Adula nappe (D2b). It is
noteworthy that this retrogression which is ob-
served in most metabasic rocks seems to be a
static process whereas the main foliation in the
metapelitic rocks and gneisses was produced dur-
ing the same deformation phase. This clearly indi-
cates that the eclogites essentially remained rigid
during D2b. The hydration of the metabasic rocks
can be attributed to the dehydration of the sur-
rounding metapelitic rocks (HeiNrICH, 1982) dur-
ing the temperature peak at about 600 °C (D2b).
In addition to the retrograde reaction

Omp + Grt + H,0 = Hbl + P1 + Chl (2)

proposed by HericH (1982), thin section obser-
vations suggest that the assemblage of the Ky-
eclogites is completely transformed by barroisite,
quartz and clinozoisite in the amphibolites. This
could be described by the (qualitative) retrograde
reaction (3) described by MEYRE (1993):

Omp + Ky + H,O = Bar + Czo. (3)

In the amphibolite sample CHM 37 clasts of
Zo rotated during the main foliation stage are
epitactically overgrown by Czo (syn- to post-
D2b). Thus, the orthorhombic Zo belongs to an
earlier eclogite facies assemblage, while the Czo
was formed under amphibolite facies conditions,
during the =+ isothermal uplift of the Adula nappe.
A similar transformation of Zo into Czo was re-
ported by FrRanz and SELVERSTONE (1992).

Metapelitic rocks exhibit two parageneses ac-
cording to HEINRrICH (1982): (i) Grt + Phe + Qtz +
Ky + Rt developed under eclogite facies condi-
tions; (i) less phengitic Ms + Bt + Pl + Qtz. Bt + Pl
+ Qtz are present in a fine-grained coronae
around large flakes of Phe, sometimes small Bt
replaces Phe. This reaction is considered as the
result of a dehydration reaction in the transition
from eclogite to amphibolite facies conditions
(HenriCcH, 1982, Fig. 5).

Granitic gneisses contain the following para-
genesis: Qtz + Mc + Pl + Phe + Bt + Ep = Grt. No
relics of an older plagioclase-free and jadeite-
bearing paragenesis were found. The only indica-
tor for a possible high-pressure metamorphism of
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100 pm o

Fig. 4 Thin section photograph of a metagabbro sam-
ple from Trescolmen (CHM 10). Ep/Czo formed as
pseudomorph after Hbl shows anomalous bluish colors
of interference (crossed nicols). The matrix consists of
Omp and Rt.

the granitic gneisses are 3T phengites (Frey et al.,
1983, Fig. 3: Puscunig, 1992). Replacement of
coarse Phe by fine-grained Bt is the same feature
as mentioned above for the metapelitic rocks.

At Trescolmen a metagabbro was found, oc-
curring as megaboudin (100 m X 40 m; Swiss co-
ordinates 733.310/139.130). The mesoscopic gab-
broic fabric is well preserved: cm-large Ep/Czo
crystals surrounded by a matrix of dark green
Omp. Grt appears irregularly in aggregates. The
Ep/Czo likely was formed as pseudomorphs after
amphibole (Fig. 4), suggesting that the Trescol-
men gabbro represents the metamorphic equiva-
lent of a hornblende-gabbro protolith.

Conclusions

The structural observations combined with data
on the metamorphic history lead to a qualitative
P-T-d path (Fig. 5) which is proposed for the in-
vestigated area of Trescolmen. The first defor-
mation stage (D1) is probably N-S oriented as-
suming south-directed subduction of the Adula
nappe. At Trescolmen a S1-foliation consisting of
elongated omphacites and garnet aggregates is
preserved within the eclogites. During D1 the
Adula nappe underwent prograde high-pressure
metamorphism culminating under eclogite facies
conditions. The P-T conditions for eclogite for-
mation during D2a are taken from HEINRICH
(1986) calculated with the Cpx-Grt Fe-Mg ex-
change geothermometer of Erris and GREEN
(1979). Calculations of the same data with the
calibration of KroGH (1988) yield to slightly lower
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Fig. 5 Schematic P-T-d path of Trescolmen derived
from microstructural investigations, geobarometric cal-
culations after HeiNnricH (1986) and geothermometric
data for the eclogite facies metamorphism in the meta-
basites from Trescolmen (I: HENricH, 1986 based on
calibration of ErLis and GRregn, 1979; II: MEYRrE, 1993
based on calibration of KroGH, 1988 and data of HEN-
RICH, 1986). The conditions for amphibolite facies meta-
morphism of the metapelitic rocks from the central
Adula nappe are based on Kocn (1982). For more de-
tails, see text.

temperatures (MEeYRE, 1993). These conditions
are interpreted here as representative for the D2a
event. The main foliation S2b developed in the
transition zone between eclogite and amphibolite
facies conditions. The highest temperatures of
about 600 °C are reached under amphibolite
facies conditions (D2b) with dehydration of the
metapelitic rocks and hydration of the metabasic
rocks. Grt-Bt geothermometry for metapelitic
rocks from the Middle Adula nappe (KocH, 1982)
indicates amphibolite facies conditions, possibly
representing the lower limit of the D2b phase.
During the D3 an extensional event (top to the
east) occurred with plastic deformation of plagio-
clase under lower amphibolite facies conditions.
Microstructural investigations (Low, 1987) sug-
gest temperatures above 300 °C for D4. Brittle

CH. MEYRE AND A.R. PUSCHNIG

deformation (Post-D4) probably belongs to the
uplift of the Lepontine area.
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