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SCHWEIZ. MINERAL. PETROGR. MITT. 69, 393-405, 1989

Petrography and structural evolution of
ophiolitic remnants in the Bellinzona Zone, Southern Steep

Belt, Central Alps (CH/)

by Max W. Schmidr'

Abstract

Lenses of ultramafic rocks, enclosed in the gneisses of the Bellinzona Zone, are ophiolitic. The ultramafics
are harzburgites containing plagiogranite and rodingite dikes. The latter originated from ferrogabbros, from
which relicts of Fe-Ti-oxide-domains, clinopyroxene cumulates and the coarse texture are preserved. The perido-
tite lenses are surrounded by amphibolites, whose geochemistry has MORB characater. Garnet amphibolites,
embedded in the banded gneisses, are clearly distinguished from the amphibolites belonging to the peridotite
complex by petrography and geochemistry.

The tectonic evolution is divided into following phases: 1. Emplacement of ophiolites in the gneisses of the
Bellinzona Zone, boudinage, and generation of S parallel to compositional banding S;. 2. Intrusion of leucogran-
ite bodies on a scale of 10 to 300 meters. 3. Isoclinal folding F,. 4. Mesoalpine amphibolite grade metamorphism
and intrusion of the Bregaglia Tonalite. 5. Formation of shear zones, F, shear folds and lineation L., as a result of
backfolding. 6. Generation of F, shear folds, by superimposition of a backfolding component and a dextral strike
slip component, the latter related to displacement at the Insubric Line. 7. A Riedel-shear system, initially formed
at greenschist grade, developed from the Insubric Line.

P-T-conditions of mesoalpine metamorphism are calculated to 6.5-8.5 kbar and 690°-730°C, in agreement
with intrusion pressure of the Bregaglia Tonalite and garnei-biotite thermometry in the gneisses.

Keywords: Ultramafic rocks, tectonic evolution, geochemistry, ophiolites, Southern Steep Belt, Central Alps.

1. Introduction

The Bellinzona Zone is part of the Central
Alpine Steep Belt? (MILNES, 1974), which is a
zone of steep plunging east-west-striking units.
The tectonic correlation (east-west) of the units
in the Steep Belt and their origin (Penninic, Aus-
troalpine or in part Southalpine) is still the sub-
ject of some debate. East of Bellinzona, the
Southern Steep Belt, is divided into three units,
all showing increasing intensity of deformation
towards the south. These units are from north to
south:

(1) The Bellinzona Zone (KnoBLAUCH and
REINHARD, 1939), separated from the Penninic

* Institut fiir Mineralogie und Petrographie, ETH-
Zentrum, CH-8092 Ziirich.

Adula nappe in the north by the mesozoic Paina-
marble, a dextral strike slip zone (HEITZMANN,
1987a).

(2) The western tail of the Bregaglia Tonalite
at its southern margin with the Melirolo Augen-
gneis (WEBER, 1957).

(3) The Tonale Series, consisting mainly of
mylonites and fine-grained schists of various ori-
gins (CorneLius and  FURLANI-CORNELIUS,
1930; FumasoLr, 1974; FiscH, 1989).

At both «ends» of the Southern Steep Belt,
large mesozoic ophiolite nappes occur (fig. 1). At
the western end, the Antrona Zone and the Zer-
matt-Saas Fee unit extend along the Monte Rosa
root into the Southern Steep Belt, the latter ex-

> The term «root zone» implies genetic relations
and should be discarded.
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OPHIOLITIC REMNANTS IN THE BELLINZONA ZONE

tending up to Locarno (PFEIFER et al., 1989; Co-
romBl and PreIFer, 1986). At the eastern end,
the Malenco nappe is separated from the Bellin-
zona Zone by the Bregaglia intrusion. The mis-
sing link between these mesozoic ophiolites is
thought to be located in the Bellinzona Zone (a
common interpretation of mafic-ultramafic com-
plexes in the Bellinzona Zone) - or is perhaps no
longer exposed.

Mafic-ultramafic lenses are also found in the
Berisal nappe, the Bosco Gurin-, Isorno-, Ca-
mughera-Moncucco-, and Orselina Zone, which
are regarded as a major tectonic unit (SCHMIDT,
1908; HUNZIKER, 1966; WIELAND, 1966; MILNES,
1973). The Bellinzona Zone forms the only pos-
sible continuation of the Orselina Zone towards
the west. In the Berisal nappe amphibolites and
hornblendefelses yield ages of 1000 Ma and 500
Ma, respectively (STiLLE and TATsSUMOTO,
1985). Old ages for amphibolites (1000 Ma) and
ultramafics (500 Ma) from the Isorno Zone and
three amphibolites of the Bellinzona Zone (1000
Ma) have also been determined and have resul-
ted in a model suggesting an old magmatic belt,
extending from the Berisal nappe to the Bellin-
zona Zone (STILLE, 1987).

The purpose of this study is, to estimate the
minimum age (based on structural arguments)
and to determine the origin of the ultramafic len-
ses embedded in the Bellinzona Zone. A secon-
dary goal of this study is to provide supporting
evidence for current work correlating the Bellin-
zona Zone to one of the units discussed above.

The region of investigation (fig. 1) is located
at the eastern side of Val Roggiasca (GR), at the
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Swiss-Italian border. It includes the largest ultra-
mafic boudin in the Bellinzona Zone, the Ganna
Rossa (FumasoLt, 1974). A similar lense at Alpe
Albion, 5 km to the west, was studied by
TrommsporrF  and Evans (1974,1979) and
Evans et al. (1981).

2. Petrography of the peridotite complex

2.1. FIELD RELATIONS

The Ganna Rossa peridotite is a 500 x 1200 m
lens (fig. 2). Although the peridotite is mainly
massive, in the outermost parts of the lens, ens-
tatite forms a foliation parallel to the lens boun-
daries. This foliation may be folded, but due to
the high competence contrast and Riedel-faults
(see chapter 6), the folds are randomly orien-
tated. A steep NNW-plunging lineation, formed
by enstatite, is occasionally present. At the peri-
dotites northern margin there is a 60 m wide
zone of metacarbonates. The peridotite and
metacarbonates are surrounded by banded
amphibolite, 3-20 m in width. The foliation of the
amphibolites is also parallel to the lens bounda-
ries. Boudinaged and foliated rodingite and
plagiogranite dikes are present within the
ultramafic body. The rodingite dikes occur in
swarms, individual dikes are 0.3-1 meter wide
and can be followed over a length of 40 meter.
The plagiogranites appear as a swarm of small
dikes and as a 0.5-2 meter thick dike extending
over a length of almost 100 m. Undeformed gra-
nitic pegmatites and aplites crosscut the perido-
tite margin and also occur within the peridotite.

-
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peridotite

rodingite dikes
plagiogranite dikes
banded amphibolites
metacarbonate zone
gneisses

garnet amphibolites

swiss coord. 736/117

Fig. 2 Geological map of the Ganna Rossa peridotite boudin.
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At the contact of the peridotite with the surroun-
ding amphibolites, metasomatism has formed a
1-3 meter wide black-wall. Within the black-wall
the peridotite is altered to an actinolite schist and
the amphibolite is overgrown by garnet- and pla-
gioclase-bearing biotite schist. The biotite black-
wall also sometimes extends into the surrounding
gneisses (see chapter 5).

2.2. PERIDOTITE

The ultramafic body is formed by a harz-
burgite (tab. 1). The metamorphic paragenesis
is enstatite-olivine-spinel-clinochlore (Evans
and TROMMSDORFF, 1970; TROMMSDORFF and
Evans, 1974). Inhomogeneities are random, and
consist of thin bands of olivine, enstatite or spinel
+ olivine. Some enstatites show dirty, often bro-
ken cores which are surrounded by a clear rim
(Xy, = 0.92-0.93). Enstatite plus olivine (X, =
0.9250. 94) form a polygonal groundmass con-
taining flakes of clinochlore (Mg, Fe Al Si,
0O,,(OH),). Opaque chromian magnetite (YCr
<0.12,Y,,<0.03), exsolving green spinel (Y,, =
0.82, Y = 0.11), is partly resorbed by the silicate
phases. The enstatite cores and chromian magne-
tites are relicts of pre-mesoalpine stages. Green-
ish brown or brown chromian spinel (Y ,=0.7.
Y. ~0.2) are idiomorphic, uncorroded grains,
they are part of the stable mesoalpine meta-
morphic paragenesis (Evans and Frost, 1975).
Idioblastic tremolite was formed near rodingite
dikes as result of Ca-transport back into the
peridotite.

Two types of late, nearly undeformed, 10 to
50 cm wide veins (PrEIFER, 1987) crosscut the
internal structures and dikes of the peridotite
body. One vein-type consists of large crystals (up
to 15 cm across) of enstatite, anthophyllite, and
talc + clinochlore £ magnesite. The other kind of
vein is formed by clinochlore with idioblasts of
enstatite or tremolite.

2.3. GABBRO-RODINGITES

The Ganna Rossa metarodingites are com-
plex in mineralogy but easily recognized as
former ferrogabbros. Several mineralogic do-
main types {garnet domains, vesuvianite domains
and Fe-Ti-domains [15 rock-Vol.%]), inherited
from an inhomogeneous gabbroic texture, are

surrounded by a fine-grained greenish-yellow

matrix, mostly composed of fassaite. All domain
types are on the scale of 0.5 x 1.5 to 3 x 10 cm
and are orientated in foliation planes discordant
to the dike strike directions. In addition, coarse-
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grained diopside is accumulated (=30 rock-
Vol.%) in distinct zones of variable extent on the
order of decameter.

A black-wall consisting of several zones, com-
posed of hornblende, green spinel, chlorite, ens-
tatite, olivine and tremolite, separates the rodin-
gite from the peridotite. The present black-wall
minerals crystallized post-kinematically and a
slight deformation is sporadically observed.

Silicate domains and matrix

The nearly monomineralic garnet domains
(Gros Py ,Andr,,) and vesuvianite domains
are interpreted as former plagioclase domains of
the gabbroic protolith (TrROMMSDORFF and
Evans, 1979). The macroscopic texture has no
equivalent on a microscopic scale, the fabric is
polygonal in both the matrix and the different
domain types. Garnet never appears near dike
margins, where chlorite overgrows the rodingite,
as result of reactions during metasomatism of the
black-wall. The fine-grained matrix consists
of the paragenesis fassaite (80%) (Fas,Dp.,
Fas,Dp,;)’, grossular, vesuvianite, clinozoisite +
clintonite + chlorite. Within the matrix vesuvian-
ite-, clinozoisite- and fassaite-porphyroblasts are
found, the latter clearly distinguished from diop-
sides by chemistry and the lack of exsolution and
twinning. Clintonite never occurs with vesuvian-
ite or clinozoisite.

Fe-Ti-domains

Fe-Ti-domains consist of a Fe-Ti-oxide core,
which has exsolved to lamellae of magnetite-ul-
vospinel and ilmenite-hematite solid solutions.
Exsolution of granular green spinel and rutile
also has taken place. The Fe-Ti-oxide cores are
rimmed by perovskite or sphene. Exsolution
temperatures calculated in the Fe-Ti-oxide cores
by use of the two-oxide-thermometer (BuppING-
TON and LINDSLEY, 1964; Frost, 1988) are in the
range of 720°C to 820°C and believed to be the
result of partial reequilibration from the intru-
sive temperature during metamorphism.

In several distinct mylonitized zones, Fe-Ti-
oxides reacted to either sphene, including rutile
+ magnetite £ hoegbomite (former green spinel)
+ perovskite, or Ti-garnet + perovskite + Ti-free
magnetite. In the mylonite zones titanium was
mobile and garnet (max. 12 wt% TiO,) and vesu-
vianite (max. 5 wt% TiO,) adjacent to the Fe-Ti-
domains recrystallized with strong Ti- and Fe-
gradients, green spinel transformed to hoegbom-

’Dp = CaMgSi,O,, Fas = Fassaite = CaTs-pyroxe-
ne = Ca(Fe*, ADV'AIVSIO,
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ite. Partial recrystallization also took place
throughout the remainder of the mylonite zone
at amphibolite grade conditions, this implies that
the deformation must be pre- or syn-mesoalpine.

Diopside cumulates

The large diopside crystals (<2 cm) show
twinning parallel to (010) and exsolution of mag-
netite and yellow Ti-garnet parallel to (100) and
(010). Probably these diopsides are former mag-
matic augites. A first deformation kinked the
diopside and sometimes the kinkbands have re-
crystallized as fassaite. Fassaite also corroded
diopside grains. In or near mylonitic zones, kink-
bands are completely recrystallized as Ti-garnet.
A second deformation broke the diopside, at
dike margins these extension cracks are filled
with chlorite.

2.4. PLAGIOGRANITE

Plagiogranites are mostly associated with fer-
rogabbros and are indicators for oceanic crustal
environments (OHNENSTETTER and OHNENSTET-
TER, 1980). These authors regard both as high-
differentiated residual magmas. The plagiogran-
ite dikes (fig. 2, tab. 1) are leucodiorites, com-
posed of more than 90% plagioclase (An,,,),
biotite and muscovite. Alkalifeldspar is random,
rutile, zircon, apatite and quartz are accessories.
The muscovite present replaces biotite, also
biotite is sometimes rimed by fibrolite. In several
zones, in which plagioclase is seritizated, biotite
reacted to chlorite + epidote.

2.5. METACARBONATE ZONE

The metacarbonate zone is formed by mas-
sive calcite-olivine *+ diopside = cummingtonite-
rocks, tremolite-olivine-schists, and olivine-
enstatite-tremolite-schists, latter representing
peridotite relicts enclosed and metasomatised by
the metacarbonates. Original structures are not
preserved, the severe deformation has formed
bands and boudins of these rocks. Because both
metacarbonates and peridotite are enclosed by
the amphibolites, a primary contact is probable
and an ophicarbonate interpretation is plausible,
although not conclusive.

2.6. AMPHIBOLITES

Peridotite lenses in the Bellinzona Zone are
surrounded mostly by banded amphibolites up to
50 m in width (KNOBLAUCH et al., 1939; Fuma-
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soLl, 1974; HEitzMANN, 1975). This amphibolite
hull is part of the boudins. The texture of the
amphibolites varies from fine-grained types, in-
terpreted as former basalts (most abundant), to
coarse-grained inhomogeneous rocks, interpre-
ted as former gabbros. The latter also occur as
dikes in the metabasalts. Major minerals are par-
gasite and plagioclase (Ang -Ang ), accessories
are rutile, ilmenite, magnetite, and sphene. The
fabric is polygonal. Retrograde formation of poi-
kiloblastic epidote, accompanied by plagioclase
rims (An,-An,,), is common. Comparison with
garnet-amphibolites in the gneisses (fig. 2) de-
monstrates their different character (see also
WEBER, 1957; p. 281 £.). In the garnet-amphibo-
lites amphibole is hastingsite, garnet is a major
component, quartz and biotite are minor com-
ponents, and clinopyroxene is also present.

3. Amphibolite bulk rock composition

Major and trace element analyses of 30 am-
phibolites and 12 garnct-amphibolites were
made; representative bulk compositions are
listed in tab. 1. Three groups are distinguishable:
The garnet-amphibolites are low in CaO, ALO,
and MgO, but high in FeO, , and therefore show
higher FeO/MgO ratios than the banded amphi-
bolites. A gabbroic and a basaltic group - as ex-
pected by textural features - comprise the two
other groups and can be separated within the
banded suite. In the discrimination diagrams, the
metabasalts of the banded suite plot into the
MORB-field (fig. 3-5). The garnet amphibolites
are clearly distinguished (especially concerning
Ni, Cr, V, Sc, Ba), but not clearly attached to any
basalt type by element discrimination. Na, K, Rb
and Sr are not useful due to the slight alteration
during evolution.

4, P-T-conditions of the meso-Alpine
metamorphism*

The minerals, which are involved in the reac-
tions described here, are approximately post-
kinematik, and show only slight local deforma-
tion.

Endmember reactions in the peridotite and
rodingites permit estimation of the temperature
limits during mesoalpine metamorphism (fig. 6a).
The breakdown reaction of chlorite (720° +
30°C) in the peridotite-rodingite black-wall, and
garnet-biotite thermometry (700° £ 30°C) in the

‘For details see ScumipT (1988).
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Fig. 3 V versus Ti diagram (SHErvars, 1982), modified
according to BErRTRAND et al. {1987). Fields are: CAB
= Calc-Alcaline Basalts, MORB = Mid Ocean Ridge
Basalts, WPB = Within Plate Basalts. Fine grained
banded amphibolites sourrounding the peridotite ()
are in the MORB field, garnet amphibolites (x) plot
disperse. (%) = Coarse-grained banded amphibolites.
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Fig. 4 Ti/Cr versus Ni diagram (Beccaruva et al,
1979), VAB = Volcanic Arc Basalts, Amphibolites
sourrounding the peridotite (@) are clearly distinguis-
hed from garnet-amphibolites (x).

Ti /100

Y *3
Fig. 5 Ti-Zr-Y-diagram (Pearce and Cann, 1973).
Amphibolites sourrounding the peridotite (@) plot
into the MORB field, garnet amphibolites (x) tend
into the WPB field, bur are widespread.
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peridotite-amphibolite black-wall, define peak
conditions of metamorphism between 690° and
730°C (fig. 6b). In the peridotite-amphibolite
black-wall garnets exhibit parallel to {110} a dis-
tinct inner zone rich in inclusions of plagioclase,
quartz and fibrolite. Barometry (GHENT, 1976;
KozioL and NEwToN, 1988) results in a pressure
of 6.1 = 1 kbar (Bt-gar — 650°C). This pressure
was almost certainly exceeded during metamor-
phism. To estimate maximum pressure, the ap-
pearance of sillimanite + kyanite is used. Kyanite
is reported by Kn~oBLAUCH and REINHARD
(1939; p. 55) in the NW-part of Bellinzona Zone
and by WEBER (1957). Kyanite occurs neither in
the lalian part (Fumasori, 1974) nor in the
southern part (BunL, 1980, 1981; this investiga-
tion) of the Bellinzona Zone. Probably, a maxi-
mum pressure near 8 kbar is a reasonable as-
sumption. Evidence for an earlier high pressure
eclogite stage at the Ganna Rossa, as reported by
FumasoLi (1974, p. 131), has not been found.

These results are in good agreement with pre-
vious published work. BunL (1981) determined
690°C in the gneisses by garnet-biotite thermo-
metry and REUSSER (1987} calculated the intru-
sion pressure of the tonalite as 7.5 £ 1 kbar by
use of the Al-in-hornblende geobarometer
(HamMARsTROM and ZEN, 1986).

Although these conditions would be sufficient
to form a substantial amount of melt in acidic
rocks, it is not conclusive, that the leucogranites
and migmatites present in the surrounding of the
Ganna Rossa were originally generated during
mesoalpine metamorphism.

5. Petrography of the peridotite surroundings

The Bellinzona Zone is a banded series consis-
ting of gneisses, garnet amphibolites, calc-sili-
cates and marbles, metapelitic schists, mig-
matites, leucogranitic masses and dikes, and the
peridotites and related banded amphibolites dis-
cussed above. The gneisses are divided into three
main groups (FuMasoLi, 1974; BUHL, 1980): (1)
Plagioclase-gneisses with plag, qz, bt as major
components and minor gar, K-spar, amph; (2)
Sillimanite-gneisses with plag, gz, bt, and with
minor sill, gar, K-spar; (3) Alkalifeldspar-
gneisses with K-spar, plag, gz and with minor bt,
musc, gar, * sill. These groups are defined for
mapping, continuous transitions to garnet-amphi-
bolites or pelitic schists and between the groups
themselves are common.

Rock types generated by melt processes are
widespread and important for the determination
of relative age relationships. Their petrography is
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Fig. 6a P-T-diagram showing the
equilibria (1) talc + forsterite = en-
statite + H,0O; (2) forsterite + tremo-
lite = enstatite + diopside + H O in
the peridotite and (3) garnet + chlori-
te = diopside + spinel + H,O; (4) zoi-
site + chlorite = anorthite + diopside
+ spinel + H,O in the rodingites
(equilibria [3] and [4] of Ricg, 1983).
Reactions (1) and (3) define lower
limits of mesoalpine metamorphism.

Fig. 6b P-T-diagram showing the
equilibrium conditions for: (5) chlor-
ite = enstatite + forsterite + spinel +
H,O (Jevkins and CHERNOSKY,
1985} in peridotite-rodingite black-
walls, coarse stippled area repre-
sents uncertainty; (6) garnet-biotite-
thermometry (calibration of THomp-
son, 1975), fine stippled area repre-
sents uncertainty; (7) anorthite =
grossular + sillimanite + quartz
(Newton and Hasserton, 1980) in
the peridotite-amphibolite black-
wall. Equilibrium pressure of (7) is
the minimum metamorphic pressure.
The upper pressure limit is given by
sillimanite = kyanite, ALSiO, phase
boundaries from RicHArRDsON et al.
(1969) and HoLpbaway (1971). Dark
area represents estimated peak con-
ditions of mesoalpine metamor-
phism.
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Tab. 1 XRF-analysis of peridotite, amphibolites, plagioclasite and granite. Method described in Nisset et al.

(1979).
peridotite plagioclasite banded amphibolites garnet amphibolites  leucogranite
coarse- fine-grained

5i0; (wt %) 39.66 57.95 50.19 44.79 42.96 48.05 48.48 75.50
TiO; 0.04 0.32 0.18 1.07 1.53 2.31 1.31 0.18
Al; 03 1.82 24.25 18.48 17.38 17.48 14.76 15.49 13.30
Fez 03 3.27 1.50* 4.20° 10.10* 10.14* 13.34* 11.20* 1.37°
FeO 5.10 _ —_ — —— == = e
MnO 0.12 0.01 0.08 0.24 Q.16 0.15 0.22 0.00
MgO 40.12 0.72 10.15 8.82 9.13 5.64 5.76 0.00
CaO 0.15 6.01 12.17 14.58 13.82 11.63 11.82 0.93
NaO 0.00 7.41 1.85 0.94 1.97 1.2% 3.05 2.10
X,0 0.00 1.15 0.41 0.09 0.30 0.64 0.66 6.23
P2Os 0.03 0.14 0.03 0.09 0.20 0.34 0.18 0.09
H20 **8.20 **0.69 **0.39 ""0.9]1 **0.86 **0.49 **0.41 **p.25

99.23 100.15 98.28 99.08 98.61 98.64 98.61 99.95
Ba (ppm) 32 421 <10 <10 <10 73 66 425
Rb 11 32 12 <8 <8 <8 <8 203
Sr 379 1145 313 375 316 75 251 98
Pb <5 <5 <5 <5 <5 <5 <5 28
Th <5 <5 <5 <5 <5 <5 <5 27
Nb <4 <4 <4 <4 <4 12 <4 <4
La <20 <20 <20 <20 <20 <20 <20 29
Ce <15 <15 <15 <15 <15 44 <15 82
Nd <25 <25 <25 <25 <25 <25 <25 29
Y 7 <3 <3 23 14 12 16 26
Zr 14 221 <10 61 81 167 86 144
v 302 21 83 248 243 264 254 <10
Cr 2581 <6 851 384 390 132 226 <6
Ni 2122 <3 284 133 100 1 76 <3
Co 41 6 18 43 54 91 47 19
Cu <3 16 <3 <3 <3 <3 6 <3
Zn 67 7 19 74 50 134 85 11
Ga 8 23 3 9 <2 <2 <2 11
Sc 43 <2 26 35 42 29 39 2

* total Fe as Fe203, ** loss on ignition. U<10, $<50 ppm.

similar to that of the alkalifeldspar-gneisses.
They are recognized as intrusives by their discor-
dant contacts, and classified by textural criteria:
Small lenticular migmatites (type B; BoHL, 1980)
which did not migrate, occur as lenses of a few
centimeters in extent in lithologies rich in biotite.
Migmatites (type A}, on the scale of 1 to 20 me-
ters in length, include xenoliths of gneiss. Leuco-
granitic bodies (tab. 1), from 20-300 m are also
discordant and also contain xenoliths. Granitic
aplites and pegmatites show different degrees of
deformation. The intensity of which varies from
concordant dikes with strong foliation, which
were folded by F,, to highly discordant, nearly
undeformed dikes.

6. Structures

Detailed mapping (1:1000) in an area (fig. 1)
polished by glaciers, situated south of the Ganna
Rossa, but north of the tonalite (around swiss
coordinate 735/116) and a profile along the swiss-
italian border-crest through the Bellinzona Zone
from Paina Marble (Bocetta di Paina) to the ton-
alite, are the fundamental field work done for
this part of the investigation.

The earliest deformation (D,) preserved, pro-
duced a schistosity (S,) parallel to compositional
banding (S,). S, (fig. 7a) is the dominant EW-
striking, steep N-plunging foliation of the Bellin-
zona Zone, characteristic of the Steep Belt. A
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Fig. 7 (a) Stereoplot of S -poles and L, (lower hemisphere).

F,-axis and L, are perpendicular.

deviation of S, from this orientation i1s observed
near peridotite boudins, where S, follows the
boudin boundaries, therefore D, was responsible
for boudinage of the peridotites.

Following D, the leucogranites and type A
migmatites intruded. They extend parallel to S,
and are folded by F -F, and show an intensive S,
schistosity, but their contacts are discordant. The
leucogranites include xenoliths of gneisses and
garnet amphibolites showing S, (fig. 8).

Deformation D, generated isoclinal folds (F,)
(fig. 9) with steep N-plunging fold axes and axial
planes parallel to S, (fig. 7b). Consequently, S, is

Fig. 8 Xenolith of gneiss, showing S, within a leuco-
granite intruding into the gneisses. The leucogranite is
folded by F..

} fold axes

F4 axial plane
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(b) F,, F, and F, fold axis; F, axial plane poles.

only observed in F, fold hinges and in the leuco-
granites and type A migmatites. On a micro-
scopic scale, signs of mineral deformation are not
preserved. The fabric in hinges and limbs of F, is
polygonal.

In 2-10 m wide shear zones parallel to S, (fig.
10), tight F, shearfolds were formed. The F, fold
axes are subhorizontal (fig. 7b) and the axial
planes subvertical, only one vergence exists (fig.
10). Fabric indicates amphibolite grade condi-
tions. All minerals in F, fold hinges are elon-
gated parallel to S, and grain boundaries are
lobate, as result of recrystallization. A stretching

E w
~

Fig. 9 Block diagram of isoclinal F, folds, amplitude
0.5-5 m. Axial plane (FAP,) and S, are parallel to S .



402

lineation’ (fig. 7a) is abundant in shear zones and
rarely found beyond them. The lineation is per-
pendicular to F, fold axes and not folded by F..
Therefore, the recrystallization of minerals in F,
hinges and the orientation of minerals into the
lineation L, was probably contemporaneous. F,
and L, indicate a north-south directed subverti-
cal uplift of the northern block.

Primarily in the same shear zones, a second
generation of shear folds (F,) was formed. The
fold style is open (fig. 10) with a fold axes dip of
20-30° east and the axial plunge 55-70° south (fig.
7b). Elongated minerals are kinked and folded.
They remain orientated in the folded S, with
only minor recrystallization indicating green-
schist grade conditions. The movement related to
F, is a south-directed uplift of the northern block
combined with a dextral strike slip component
(fig. 11).

Approximately NE-SW oriented dextral
faults (fig. 1) and NW-SE oriented sinistral faults
(only observed on a cm- to dm-scale) are part of
a Riedel-shear system (RIEDEL, 1929) resulting

5 Which is in general agreement with HEerrzmanx,
1987b. fig. 2.
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shear zone —

Fig. 10 Photograph and sketch of a
shear-zone with F, and F, shearfolds.
Located at the border-crest, 60 meter
north of the tonalite, view direction
towards E. Only this vergence of folds
exists, indicating an uplift of the north-
ern block (left side).

from the dextral strike slip at the Insubric Line
(FumasoLrl, 1974). Initially garnet-amphibolite
bands were faulted (with displacement of a few
centimeters), while sourrounding gneisses re-
mained ductile. At faults with minor displace-
ment (on the scale of a few meters) flexures are
observed. Faults with larger displacement (on a
scale of tens to hundreds of meters) form cata-
clastic zone 1-10 m width.

E w

N
Fig. 11 Block-diagram of F, shearfolds. The move-
ment is compound by a backfolding vector and a dex-

tral strike-slip vector. Amplitude = 30 cm.
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7. Discussion

The tectonic setting of the peridotite-complex
is well defined. Peridotite, ferrogabbro, plagio-
granite and MOR-basalts prove oceanic origin.
The harzburgitic character of the peridotite may
be original or the effect of Ca-depletion coeval
with serpentinization during rodingitization of
the ferrogabbros (TrRoMMSDORFF and EvaNs,
1979). After the intrusion and rodingitization of
the ferrogabbro dikes, strong deformation flat-
tened the domains and kinked diopside grains.
Subsequent amphibolite grade metamorphism
resulted in an equilibrated fabric and mantelling
of Fe-Ti-oxide domains with perovskite or
sphene. Mylonitization took place in distinct
zones, followed by mesoalpine-metamorphic
recrystallization which is well documented near
Fe-Ti-domains.

A correlation of the structural and metamor-
phic phases within the peridotite and the perido-
tite surrounding suggests the following succes-
sion of phases: 1. The emplacement of the ophio-
lite slices into the gneisses ended with their
boudinage caused by D,. Probably the macro-
scopic schistosity was also produced by this de-
formation. 2. After D,, the leucogranites and
type A migmatites intruded. 3. D, folded the
peridotite, the leucogranites, type A migmatites,
and gneisses. The polygonal fabric in F, folds
suggests, that the mesoalpine metamorphism
postdated or outlasted deformation D,. 4. Dur-
ing the mesoalpine metamorphism (38 Ma
[JAGER, 1973] and/or 26 Ma [DEeutscH and
STEIGER, 1985] for discussion see HURFORD,
1986) the Bregaglia Tonalite (30 Ma, GULSON
and Kroch, 1973) intruded. The northern con-
tact of the tonalite is tectonic (WEBER, 1957), but
there is no evidence for major displacement. 5 +
6. Shearfolds F, and lineation L,, which is paral-
lel to the stretching lineation in the tonalite
(FumasoLl, 1974; FiscH, 1989), indicate a north-
south directed uplift of the Central Alps, the
well-known backfolding which started before 23
Ma (Hurrorp, 1986; ScHMID et al, 1989).
Shearfolds F, comprise an additional dextral
strike slip component. This sequence of late
tectonic movements, in the area studied, fit well
into the model presented by ScuMmip et al. (1987,
1989): Amphibolite grade backfolding -
postdating the Bregaglia Tonalite - gradually
pass over into a strike slip movement. 7. Major
strike slip movement is located in the Paina
Marble, the Tonale Series, and the Tonale Line,
but not in the Bellinzona Zone. The horizontal
temperature gradient, resulting from rapid uplift
of the Central Alps, is documented by the char-
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acter of the Riedel shearing. Within the Bellinzo-
na Zone this shearing initially formed at the tran-
sition from ductile to brittie behaviour. Near the
Tonale Line only brittle deformation is reported
(FumasoLl, 1974).

The minimum age of the slices of oceanic
crust, embedded in the Bellinzona Zone, is de-
duced from structural relations. The ophiolite
emplacement is postdated by the intrusion of leu-
cogranites. Pre- od syn-meso-Alpine F, folding
postdates the formation of leucogranites and
migmatites, and exclude a neo-Alpine origin for
the leucogranites and type A migmatites (contra-
1y to the neo-Alpine origin of the Novate gran-
ite). As far as known, isotopic ages from highly
deformed granites in the mesoalpine gneisses are
older than alpine. Analogously, a prealpine age
for the of leucogranites, highly deformed migma-
tites, and highly deformed granitic dikes of the
Bellinzona Zone is plausible. Consequently, the
ophiolites would be at the youngest variscan in
age.

This supports the model of STILLE (1987) and
excludes a correlation with other alpine ophio-
lites.
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