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Alpine metamorphism of the Southern Alps west
of the Giudicarie Line

by Annita Colombo’ and Annalisa Tunesi’

Abstract

In the Southern Alps west of the Giudicarie Line data on the Alpine metamorphism are limited. The thermal event
is recorded both in the basement and in the Permo-Mesozoic cover rocks. It is mainly related to the compressional
tectonic phases ranging from Late Cretaceous up to Neogene. In the basement of the western part of the Southern
Alps, the records are mainly localised along the major Alpine tectonic lineaments and associations of low to very low
temperature are recognised, although a penetrative regional Alpine foliation is lacking. In the Orobic basement two
main phases of deformation are recognised and are associated with low to very low temperature conditions. The same
phases are reported for the pelitic layers of some Permian cover rocks where the cleavage planes are marked by
white mica and chlorite. The Triassic rocks show assemblages of very low temperature metamorphism to high grade
diagenesis, possibly due to the burial of the sequences overprinted by compressive Alpine phases. In the Orobic Alps
the metamorphic overprint seems to be mainly related to the Late Cretaceous compressional tectonics, while in the
western part it is attributed to the meso-Alpine and neo-Alpine phases. In the eastern part of the Orobic area, the
youngest recorded event is the thermal metamorphism due to the emplacement of the Tertiary Adamello batholith.
The assemblages described in the country rock point to temperatures aronnd 850-900 °C at the contact with mafic
rocks and 500 to 650 °C at the contact with tonalites and granodiorites.

Keywords: Alpine metamorphism, contact metamorphism, low T metamorphism, basement, Serie dei Laghi
(Strona Ceneri Zone), Orobic basement.

1. Introduction

West of the Giudicarie Line, the pre-Alpine base-
ment consists of two main metamorphic units
(Fig. 1): (a) the Ivrea-Verbano Zone (IVZ), an
amphibolite to granulite facies volcanic and sedi-
mentary sequence (the Kinzigite Formation) with
a large intrusive mafic body (the Mafic Complex)
occurring in the westernmost area; and (b) a large
unit including amphibolite to greenschist facies
metapelites with large metagranitoid occurrences
and minor amphibolite lenses. The second unit is
subdivided, from west to east into: the Serie dei
Laghi; the Val Colla Zone; and the Orobic Base-
ment. The Serie dei Laghi is in turn subdivided
into Scisti dei Laghi to the southeast and Strona
Ceneri Zone to the northwest (see CoOLOMBO and
TUNESI, 1999, this volume).

To the north and west, the Southern Alps are
tectonically separated from the Alpine nappes by

the Canavese Line and the Tonale Line (Periadri-
atic fault system, SCHMID et al., 1989). To the
south, along the Orobic thrust in the central re-
gions and the Cremosina fault system in the west,
the basement is stacked upon the Permo-Meso-
zoic volcanic and sedimentary cover rocks. Within
the crystalline basement, the Cossato-Mergoz-
zo—Brissago Line (CMBL) and the Pogallo fault
(PL) separate the Serie dei Laghi from the Ivrea-
Verbano Zone. These two units are very different
in composition and pre-Alpine metamorphic evo-
lution. To the east, the Val Colla Line (VCL) sep-
arates the Strona Ceneri Zone from the Val Colla
Zone. Conversely, these two units have a similar
composition and pre-Alpine metamorphic evolu-
tion.

. The present day structural setting of the
Southern Alps west of the Giudicarie Line is, in
the main, the result of Alpine compressional tec-
tonic phases developed from Late Cretaceous to
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Neogene times (BRACK, 1981; LAUBSCHER, 1985;
DocGLioNI and BOSELLINI, 1987; SCHONBORN,
1992; CASTELLARIN et al., 1992; MONTRASIO et al.,
1994; CADEL et al., 1996; SCHUMACHER et al.,
1997). These phases produced a complex system
of south-verging folds and thrusts that involved
both basement and Permo-Mesozoic cover rocks.
The Alpine event took place under non to low
grade metamorphic conditions and there is no ev-
idence of pervasive regional foliation and recrys-
tallizations. The only evidence that may be clearly
attributed to the Alpine event is reported on the
metamorphic map. It may be assumed that evi-
dence of the Alpine event is more widespread, but
specific studies are limited at present.

2. Records on Alpine metamorphism

2.1. REGIONAL METAMORPHISM

In the Ivrea-Verbano Zone (Fig. 1) pseudo-
tachylite veins and lenses, ductile low-tempera-
ture shear zones and cataclastic faults developed
during Alpine deformation. However, evidence of
a widespread penetrative Alpine overprint is lack-
ing (see SCHMID et al., 1987; ScHMID et al., 1989;
ZINGG et al., 1990; RUTTER et al., 1993 and refer-
ences therein). The ductile low-temperature shear
zones are concentrated in the western areas close
to the Canavese Line and become less frequent to
the east. They range in width from a few millime-
tres to metres and crosscut the regional pre-
Alpine foliation at a low angle. In these zones, the
pre-Alpine high-temperature assemblage is re-
placed by a low-temperature greenschist facies as-
semblage. In the Mafic Complex and the Kinzigite
Formation (Fig. 1) the Alpine assemblage is given
by Ab + Act + Chl + Czo + Ttn in the metabasites
and Qtz + Ab + Czo + WM + Chl + Tin in the
metapelites. The peridotites are locally serpen-
tinised (ZINGG et al., 1990).

In the granulite rocks of the Ivrea-Verbano
Zone, large-scale folding affected the regional
pre-Alpine foliation as seen in the Proman an-
tiform (ScHMID et al., 1987; BRODIE and RUTTER,
1987). This phase of deformation, developed un-
der greenschist facies conditions, is considered to
be coeval with the mylonites linked to the late
Oligocene, early Miocene, Insubric back-thrusting
event (SCHMID et al., 1987) and is responsible for
the present vertical orientation of the Ivrea-Ver-
bano Zone. The Proman antiform was subse-
quently truncated by later strike-slip movements
along the Canavese Line.

Low-temperature conditions are also reported
by ScuMip et al. (1989) and by ZINGG and HUN-

ZIKER (1990) along the Canavese Line. SCHMID et
al. (1989) recognise two mylonite belts in the
western rim of the Ivrea-Verbano Zone. The first
(mylonite belt 1) predates the emplacement of the
Oligocene mafic dykes and is tentatively attrib-
uted to the meso-Alpine event. The second (my-
lonite belt 2) is post-Oligocene in age because it
affected Oligocene magmatic rocks. This repre-
sents the continuation of the back-thrusting phase
along the Canavese Line.

In the crystalline .basement of the Strona
Ceneri Zone (Fig. 1) many Alpine south-verging
thrusts have been mapped around Lago Maggiore
(Boriani et al., 1990), e.g. Cannero (west of Lago
Maggiore), Indemini-Monte Tamaro (east of
Lago Maggiore), or Germagno (west of Lago
d’Orta); all of them are reported in the metamor-
phic map and in figure 1. They produce cataclastic
effects and small displacements. Also, the Alpine
event possibly reactivated Permian lineaments,
e.g. the Cremosina-Val Colla and Pogallo faults
(BORIANI and SACCHI, 1973).

In the basement rocks east of Lago Maggiore,
very low to low grade assemblages are described
by BORGHI (1989). A Prh + Ab + Chl + Act as-
sembilage is observed in veins crosscutting the re-
gional foliation. Actinolite and prehnite also oc-
cur in orthogneisses and in garnet-bearing amphi-
bolites, (former eclogites ?), close to the veins.
Corona structures of actinolite and albite sur-
rounding tschermakitic hornblende and plagio-
clase (An 70%) are found in appinitic dykes. The
exact age of these metamorphic assemblages is
uncertain, but they are younger than the intrusion
of the appinites (285 Ma; CUMMING et al., 1987)
and according to BORGHI (1989) may be related to
Permian fluid activity or to an unidentified Alpine
event.

In the area between Locarno and Lago di
Como (Val Colla Zone p.p.) the Alpine metamor-
phic overprint is developed along the Tonale Line,
but no data on the diaphthoretic assemblage is re-
ported. FuMAsOLI (1974) describes "diaphthoret-
ic and cataclastically deformed" schists dipping
steeply and parallel to the Tonale Line, but the au-
thor points out that the distinction between pre-
Alpine and Alpine diaphthoresis 1s difficult to
evaluate. The occurrence of younger muscovite/
sericite in metapelites and Ab + Chl in metaba-
sites indicates a weak Alpine metamorphic over-
print, but reported assemblages are not very diag-
nostic of a specific grade.

BoccHIO et al. (1980) describe a very low
grade assemblage (Chl + Ms + Ab + Qtz) in the
basement rocks between the Tonale Line and the
Musso Line, which overprints the main Variscan
metamorphic amphibolite facies assemblage. A



185

ALPINE METAMORPHISM OF THE SOUTHERN ALPS

‘sarnyesy orqdiowe)aw surdpy Suimoys aur auredpnin) oY) Jo 1som sdiy uisyinog ayl jo dewr ymodg 7 51y

wsiydiowsjew 1pvIUOD) F
ajluyald
u uoneunod anbizupy | ////
0S Wiy 0 xepul Munreisiio aul - @ xerdwiony oyepy J 11T
T — — suejpwoudis * Als ajuey E
wnypeudy A ouipuE!g BA - A mw\_ I MO OUBQIBARIIAY
8UEI0SOIg IBA B4l B1ep 0100[sSER - gALIN  |ii- > D
SNy a1qod - 3=
A—— 10 suoz oibny aiuoy - ZWW o 4
suITepUBRID [BA DA auoz poseibio-0miad - 200 750 S2IUED|0A UBlIad
UM IO BA  1IA JusWaseg 21G0I0 [ .7
sunoyebod  d ‘ e
aur] ouebn 7 BileS OJELIOD-0SBWOT - SOG /_m ! \/”_
aur] ossnp e = S
aun Buols  uH SUOZ B0 IBA ,n_\wu\_
aur offessug-0zzobie-01eSS0D 1AND wbetep ass il \_”,_\
eureUsOWAI) 19 auoz psusg euons <157 4 SHun 4eA00
iybe 1op aueg bho 9|0zOSB-OULIDg

sjualigaul J1u0joaL

BUOZ OUBGISA-RAIA|
4O 1SB8 oy} 0] JUsWesEy E
uoinid offowepy

Oonvod3g

oas) 1

IRy

WL~

al o._mmm

O . S
7 IRy s
N T D i e o
‘\| TS TS A = usleseyg of
J RANRAR AN 4
\ N N L S e e
TN IS TN NS S
D S B i Y
o Tyt AN -
\ N L

omanos | 3NIT FTVNOL ONEYIO0T




186 A.COLOMBO AND A. TUNESI

similar assemblage with Chl + Sericite + Saus-
surite + Mrg + Prl replacing biotite, garnet, kya-
nite, staurolite, plagioclase, muscovite is also re-
ported by SCHONBORN (1992) in basement rocks
of the central Orobic area.

In the Orobic basement (Fig. 1) the ductile
Variscan phases of deformation (D,-D,) are lo-
cally overprinted by the Alpine phases of defor-
mation (D;—D,). The Alpine phases are associated
with very low grade metamorphic conditions and
relate mainly to Alpine thrust tectonics. On the
eastern shore of Lago di Como in the Monte Mug-
gio Zone (Fig. 1) Gosso et al. (1997) recognised
conjugated kinks, chevron folds and open folds
created undulation in the Variscan fabrics. These
folds present an axial plane foliation defined by
chlorite and white mica. Close to the Val Grande
Line and Tonale Line (Fig. 1} CRESPI et al. (1981;
1982) report the occurrence of stilpnomelane in
gneissic rocks composed mainly of Qtz + Kfs + Bt
(possibly orthogneisses: Gneiss di Mantello;
Monte Legnone gneisses; and lenses within
Gneiss di Morbegno). Stilpnomelane is found in
blastomilonites and grows at the expense of chlo-
rite that in turn replaces biotite, or may grow in
veins and cracks that are related to movement
along the Tonale Line (Upper Oligocene). Boc-
cHIO and DE CAprrtant (1998} also find prehnite-
bearing veins in amphibolites of the Orobic Alps.
The static growth of stilpnomelane under very low
pressures and temperatures and the prehnite
veins could be related to the final stages of de-
compression connected to the exhumation of the
Orobic basement (CRESPI et al., 1982; MOTTANA et
al., 1985; BoccHio and DE CArITANI, 1998).

Chlorite, white mica and stilpnomelane were
described by ALBINI et al. (1994) in some north-
eastern Orobic areas. The assemblage grew in
cleavage planes and fractures in the cover rocks
(Collio Formation — Permian). These planes are
related to D, deformation that produced perva-
sive foliation and folds in fine-grained Collio sed-
iments and chevron folds or kink-bands in the
basement metapelites (CADEL et al., 1996). The
foliation in the cover rocks is defined by white
mica, fine-grained carbonates and opaques (M-
RONI et al., 1995). The D, structures are associated
with the south-verging thrusts that affected the
pre-Alpine framework (MARONI et al., 1995;
CARMINATI et al., 1997). This deformation pre-
dates the Adamello intrusion (42-29 Ma; DEL
MoRO et al., 1983) because andesitic dykes as-
cribed to the Adamello magmatism crosscut D,
structures (ALBINI et al., 1994; CADEL et al., 1996;
CARMINATI et al., 1997). According to ZANCHI et
al. (1990) dykes cross-cutting the Triassic car-
bonaceous Presolana stack show mineral and

whole rock K/Ar ages ranging from 50 to 65 Ma,
therefore, D, would be older than Paleocene.

Pervasive 1D, deformation is also described in
basement and cover rocks (ALBINI et al., 1994;
CARMINATI et al., 1997). It gently folds pre-exist-
ing structures and develops crenulation cleavage
in fine-grained sediments (e.g. Collio Formation)
or fracture cleavage in conglomeratic rocks. D,
planes in the Permian sequence of the north-east-
ern Orobic area (ALBINI et al., 1994) are defined
by sericite, carbonates and opaques.The age of the
D, phase is possibly younger than the Adamello
intrusives (CARMINATI et al., 1997).

Based on the illite crystallinity index, newly
formed phyllosilicates in the recrystallized matrix
of the Collio Formation shales suggest thermal
conditions between epizone for basal beds and
anchizone for the upper detritic beds (CASSINIS et
al., 1978). According to CAsSINIS et al. (1978),
these conditions resulted from an anomalous
thermal gradient due to pre-Alpine burial of the
sequence, or alternatively, to Triassic or Alpine
magmatic activity. Anchimetamorphic conditions
are also reported by KELLER (1986} for the Collio
Formation and the Lower Triassic Servino sand-
stones, while epizonal conditions were reached in
the marbles of Middle Triassic Calcare di Prezzo.
These conditions indicate temperatures between
200 and 300 °C according to SCHONBORN (1992).
Similar temperatures between 250 and 300 °C
(vitrinite reflectance) are reported in the east by
BERSEZIO et al. (1997) from stacked Lower Trias-
sic units close to the Cedegolo anticline.

The illite crystallinity index and the occur-
rence of corrensite in the Upper Triassic to Lias-
sic sedimentary rocks of the Monte Generoso
basin {west of Lago di Como) indicate transfor-
mation of the original clay minerals to a high-
grade diagenetic assemblage close to anchizonal
temperatures. These temperatures were estimated
at about 210 + 30 °C by isotopic thermometry on
syntectonic calcite-quartz veins (SOMMARUGA,
1991). These conditions are evidence for the bur-
ial of the Mesozoic rocks and an important N-S
compression during the Tertiary period (Som-
MARUGA, 1991).

2.2. CONTACT METAMORPHISM

Both basement and cover rocks have a thermal
overprint due to emplacement of the Adamello
batholith (Fig. 1) between Eocene and Oligocene
(DEL MoORO et al., 1983). For detailed studies
about the contact metamorphism see CALLEGARI
(1983) and BRACK et al. (1983) and the references
therein. The contact metamorphism produced
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strong textural and mineralogical changes in an ir-
regularly shaped aureole (extending up to 6 km in
the Val Daone area, according to RIKLIN, 1983). In
the matrix of the Verrucano Lombardo red sand-
stones (Permian), from the outer aureole zones to
the contact with the granodiorites and tonalites,
RIKLIN (1983) describes, using illite crystallinity
data, an initial mineralogical assemblage typical
of anchimetamorphism. Biotite first appears in
the external part of the aureole, at around 2 km
from the contact. It has been locally replaced by
cordierite in zones closer to the intrusives.
Cordierite is responsible for the typical mottled
appearance of the sandstones. Close to the con-
tact, the thermal metamorphism developed And +
Kfs + fibrolitic Sil. The estimated temperatures
and pressures close to the contact are 600-650 °C
and lower than 2 kbar (Pyy,i, = P,; RIKLIN, 1983).

In the Triassic successions of the southern ar-
eas (e.g. Bazena, southeast of Breno, Val Camo-
nica) the contact aureoles of the tonalites and gra-
nodiorites have the following paragenesis: Fo +
Spl + Di in the dolomites; Cal + Wo in limestones;
Scp + Crn + Kfs in marls; and Crd + Bt + And +
Kfs in pelites. The estimated temperatures at the
contact are around 500-600 °C and the derived
pressures are always lower than 2 kbar (BRACK et
al., 1983 and references therein). More spectacu-
lar effects of contact metamorphism are seen in
the aureoles of the mafic intrusions. Close to the
contact with the intruded gabbros, Mtc + Spl +
clintonite developed in impure dolomites and Cal
+ Per (now transformed into brucite) in purer
dolomites. The assemblage monticellite forsterite-
clintonite-pleonast-calcite indicates temperatures
around 850-900 °C and a fluid composition dom-
inated by CO, (BRACK et al., 1983).

In the north-western part of the Adamello
massif a well developed contact aureole is ob-
served (MOTTANA and SCHIAVINATO, 1973). The
country rocks are mainly basement metapelites
with some Permo-Triassic cover rocks. The con-
tact metamorphism is more highly developed in
the former. The resulting hornfels show the fol-
lowing mineralogical neoformations, from the fur-
thest extent of the aureole to the contact with the
tonalites: biotite-garnet-andalusite-cordierite-sil-
limanite-spinel-(orthorhombic amphibole-Kfs).
Similar mineralogical successions are described
for metapelites in the north-eastern part of the
Adamello massif (Rendena Valley, close to the
Giudicarie Valleys; BoriaNI and GIOBBI ORIGO-
NI, 1982/83). With increasing temperature towards
the tonalites and granodiorites (Re di Castello,
Corno Alto, Sostino), the newly formed contact
minerals are: biotite, andalusite locally associated
with cordierite and sillimanite. Close to the con-

tact, the temperature was estimated to have
reached approximately 650 °C with pressures low-
er than 2 kbar (BoORIANI and G10BBI ORIGONI,
1982/83).

3. Conclusions

The reported data document the scarce knowl-
edge of the Alpine event in the Southern Alps
west of the Giudicarie Line. Deformation phases
and mineralogical associations of Alpine age were
recognised by different authors, both in the west-
ern and central regions, but the data set suffers
from several gaps. Moreover, the published data
do not always give good correlation with the
metamorphic assemblages and the recognised de-
formation phases in the different areas of the
Southern Alps.

However, the mineral assemblages seem to de-
fine a zoneographic arrangement from north to
south. In the basement rocks, mainly close to the
Periadriatic fault system, the assemblages show
low to very low temperature conditions. South-
wards, the mineralogical associations and vitrinite
reflectance data from the Permian to Triassic cov-
er rocks indicate a decreasing thermal regime
from very low metamorphic to high grade diage-
netic conditions (SCHONBORN, 1992; BERSEZIO,
personal communication),

The most difficult task is to link the metamor-
phic assemblages to the recognised tectonic phas-
es. These phases are post-Permian in age, because
they involved older cover rocks and locally affect-
ed the Permian mafic plutons (270-280 Ma). In
the Ivrea-Verbano Zone, the low to very low tem-
perature assemblages are associated with com-
pressional movements possibly attributed to the
meso-Alpine collisional event (see belt 1, SCHMID
et al., 1989) and to a post-Oligocene back-thrust-
ing event (belt 2). In the western Orobic base-
ment, according to CRESPI et al. (1982), only the
occurrence of stilpnomelane in veins and cracks
seems to be connected with the youngest strike-
slip movements along the Tonale Line (post-
Oligocene Insubric phase). In all the other Orobic
Alps, based on evidence from stratigraphy
(BERsEZIO and FORNACIARI, 1987), structural
data (Brack, 1981; DOGLIONI and BOSELLINI,
1987; SCHONBORN, 1992; CASTELLARIN et al., 1992;
MoNTRASIO et al., 1994; CADEL et al., 1996) and
radiometric data (ZANCHI et al., 1990), Alpine as-
sociations are related to the compressional eo-
Alpine tectonics starting at the beginning of the
Upper Cretaceous. Also, the published data pre-
sent evidence for the presence of stilpnomelane in
the Permian Collio Formation shales, connected
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with a pre-Paleocene D, phase of deformation
(ALBINI et al., 1994). In this case, two generations
of stilpnomelane should be present in the Orobic
sector: the first linked to the oldest Cretaceous
events; the second to the youngest tectonic move-
ments. In the Permian Collio Formation the
recognised metamorphic Alpine evolution is sim-
ilar to that of the basement rocks (ALBINI et al.,
1994). For the Triassic cover rocks, the high grade
diagenetic assemblages are characteristic of a sed-
imentary burial followed by the compressive
phases of Tertiary age (SOMMARUGA, 1991).

The reconstruction in the crystalline basement
seems to be in agreement with the few fission
track data available on zircons (HUNZIKER et al.,
1992). Along the Periadriatic Line, the rocks
reached temperatures below 250 °C mainly be-
tween 30-15 Ma , coeval with the development of
the low temperature mylonites of belt 2 in the
Ivrea-Verbano Zone (ScHMID et al., 1989) and to
the static growth of stilpnomelane in the Orobic
sector (CRESPI et al., 1982). To the south, the fis-
sion track blocking temperature of the zircons are
mainly between 85 and 60 Ma, in agreement with
the inferred pre-Paleocene age of the D, defor-
mation phase (ALBINI et al., 1994) which is associ-
ated with the very low temperature metamorphic
assemblages in the Orobic sector.

The most significant Alpine metamorphic
event is the contact metamorphism developed in
the eastern area of the Orobic sector, where the
Eocene-Oligocene Adamello batholith intruded
both basement and Permo-Triassic cover rocks.
The contact aureole shows high temperature as-
semblages {850-900 °C) close to mafic intrusions,
and medium temperature associations (around
600 °C) in contact with granodiorites and
tonalites.
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