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Abstract

In the Sesia-Lanzo Zone (SLZ), the subunit Rocca Canavese Thrust Sheet
(RCT) is characterised by a mixture of mantle- and crust-derived lithologies
and can be a good candidate to be a former subduction-related mélange of
the Austroalpine domain. The unit consists of metapelites, metagranitoids,
metabasics, metagabbro and serpentinised lherzolite lenses from metre to
hundred-metre size. According to the literature, PT peak conditions for all
lithologies are 0.8-1 GPa at 300-400°C, in lawsonite-blueschist facies condi-
tions recorded during the Alpine subduction. However recent work describes
different mineral assemblages for the metamorphic peak, separating rocks
with lawsonite from those with jadeite. Therefore, we refined the meso and
microstructural analysis of the tectonic slices of RCT and we performed a
detailed thermo-barometry of different metamorphic stages in order to quan-
tify Alpine peak conditions and P-T-d-t paths, and to test whether the
RCT represents a subduction-related mélange. We focus on metagabbros,

Jd-bearing and Lws-bearing glaucophanites since they have the most suit-
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able chemistry allowing to reconstruct the complex evolution of the mixing.
Metagabbros and Jd-bearing glaucophanites experienced a Dla metamor-
phic stage characterised by a pressure of 1.3-1.8 GPa and temperature of
450-550°C, in eclogite facies condition. Lws-bearing glaucophanites expe-
rienced a D1b metamorphic stage at a temperature <470°C and pressure
of ca. 1.2-1.5 GPa, in Lws-blueschist facies condition. The two tectono-
metamorphic units (TMUs) were coupled together during the exhumation at
D2 stage, under Ep-blueschist facies conditions. Successive evolution occurs
at lower pressure, under greenschist facies conditions. Dla peak conditions
are compatible with a thermal gradient between a cold and a warm subduc-
tion zone while D1b peak is recorded in a thermal gradient compatible with
a cold subduction. The coupling between the two TMUs occurred under
a cold thermal gradient, suggesting a still active subduction. The different
origin and P-T-d-t paths of the blocks, the intense shearing experienced by
all lithologies during their coupling and the abundance of serpentinites in
the tectonic mixture agree with the interpretation of a subduction-related
mélange for RCT, in analogy with other zones of the Alps.

Keywords:  Alpine subduction, Austroalpine Domain, multiscale

petrostructural analysis, Rocca Canavese Thrust Sheet, tectonic mélange

1. Introduction

Mélanges are rock units characterised both by the lack of internal continu-
ity of contacts or strata and by the inclusion of fragments and blocks of differ-
ent sizes, lithologies, origin and ages, commonly embedded in a finer-grained

matrix (RAYMOND, 1984; CowAN, 1985; CLOOS & SHREVE, 1988; POLINO
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et alit, 1990; FESTA et alii, 2010; DILEK et alii, 2012; BALESTRO et alii,
2015; WAKABAYASHI, 2015; ERNST, 2016). The criteria of matrix compo-
sition and fabric are not employed in the definition of the term mélanges
(RAYMOND, 1984). Mélanges may be subdivided into tectonic, diapiric, al-
lolistostromes, and polygenetic mélanges where the primary cause of frag-
mentation and mixing is known to be tectonic, diapiric, sedimentary, or a
combination of processes, respectively (RAYMOND, 1984).

Although tectonic mélanges may characterize different geodynamic en-
vironments of formation, they are commonly associated with subduction of
oceanic lithosphere and collisional events, and originate in an accretionary
wedge or in a subduction channel during subduction-exhumation processes
(FESTA et alii, 2010; DILEK et alii, 2012). In these environments, a tectonic
mixing of relatively poorly deformed lenses (from m- to km-scale) of heteroge-
neous lithologies with contrasting P-T-d-t paths, enclosed in highly sheared
serpentinite and/or metasediments rocks, occurs (GERYA & STOCKHERT,
2005; FEDERICO et alii, 2007; GUILLOT et alii, 2009; RODA et alii, 2010;
MALATESTA et alit, 2012; RODA et alii, 2012; WAKABAYASHI, 2015; ERNST,
2016).

Examples of subduction-related tectonic mélanges have been widely re-
ported from the Alps (e.g. POLINO et alii, 1990; SPALLA et alii, 1996; FESTA
et alii, 2010; ERNST, 2016) from East (e.g. FRISCH, 1984; RING et alii,
1988; WINKLER, 1988) to West (CARON et alii, 1989; SCHWARTZ, 2000;
BALESTRO et alii, 2015; TARTAROTTI et alii, 2017). For example, in the
Voltri Massif tectonic mélange (Penninic domain of Western Alps), a schis-

tose chlorite-actinolite matrix encloses metre-scale blocks of metagabbros,
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metabasites, metasediments and serpentinites (FEDERICO et alii, 2007). The
massif underwent a polyphase deformation before and after the tectonic mix-
ing occurred in a serpentinite-subduction channel (MALATESTA et alii, 2012).
A similar interpretation has been proposed for the Furgg zone (Penninic do-
main of Western Alps) on the basis of its chaotic character and heterogeneous
composition, including continental basement rocks, serpentinite, and Per-
mian Mesozoic continental cover (MILNES et alii, 1981; FROITZHEIM, 2001).
The Arosa zone (Penninic domain of Central-Eastern Alps) is characterised
by a tectonic mélange of blocks of both Austroalpine and Penninic origin
embedded in a serpentinitic or shaly-calcareous matrix (RING et aliz, 1990).
Finally, the Adula-Cima Lunga nappe (Penninic domain of Central Alps)
consists of a mixture of mafic and ultramafic rocks surrounded by pelitic-
gneiss of pre-Alpine basement (JENNY et alii, 1923). This mixture of rocks
within a narrow zone is best interpreted as a tectonic mélange formed in a
subduction zone (TROMMSDORFF, 1990). More recent investigations on the
Adula nappe, suggest that its rocks were subducted and exhumed together
during the Alpine convergence (HERWARTZ et alii, 2011; CAVARGNA-SANI
et alii, 2014; SANDMANN et alii, 2014). Unfortunately, these contributions
lack of a detailed structural analysis correlating the Alpine tectonic history
with the polyphase metamorphic evolution. The assemblage of units consist-
ing of highly deformed and imbricated slices of pre-Alpine continental crust
and mantle, elongated parallel to the Southern Steep Belt of the Central Alps
and characterized by variable metamorphic grade, has been interpreted as a
tectonic mélange formed in a subduction channel (ENGI et aliz, 2001, 2004).

In the rocks of the Austroalpine domain of the Western Alps different PT
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conditions and P-T-d-t paths are recorded during the Alpine subduction and
their exhumation is generally achieved in a cold thermal state compatible
with a still active subduction (SPALLA et alii, 1996, 2010; STOCKHERT &
GERYA, 2005; BOUusQUET, 2008; MEDA et aliz, 2010; RODA et aliz, 2010,
2012). For this reason, the Sesia-Lanzo Zone (SLZ) has been interpreted as
a tectonic mixture of mainly continent-derived rocks (e.g. monometamor-
phic metasediments, pre-Alpine marbles, granulites and amphibolites, Per-
mian granitoids, partly serpentinized peridotites), originated in a subduction
channel (POGNANTE, 1989a; FERRARIS & COMPAGNONI, 2003; SPALLA &
ZULBATI, 2003; GERYA & STOCKHERT, 2005; MEDA et alii, 2010; RoDA
et alii, 2012). In the southern part of the Sesia-Lanzo Zone (SLZ), the
Rocca Canavese Thrust Sheet (RCT) is characterised by mixing of man-
tle and crust-derived lithologies (POGNANTE, 1989a; SPALLA & ZULBATI,
2003; BARNES et alii, 2014; CANTU et alii, 2016), and may be interpreted
as a former subduction-related mélange of the Austroalpine domain.
POGNANTE (1989a) indicates similar PT peak conditions in all lithologies
at 0.8-1 GPa and 300-400°C, in the lawsonite stability field, during the Alpine
subduction, and this would contrast with the requirement of different P-T-
d-t paths recorded in the blocks of a subduction-related mélange. However,
in a recent structural map of the RCT, CANTU et alii (2016) describe differ-
ent mineral assemblages developed under peak conditions, characterised by
lawsonite or jadeite respectively. Such assemblage differences suggest the pos-
sible occurrence of different metamorphic evolutions, which must be checked
with the reconstruction of quantitative P-T-d-t paths that have not been in-

ferred so far. With this purpose, the meso and microstructural analysis of the
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tectonic slices of RCT has been refined and micro-structurally constrained
thermo-barometric estimates have been performed in metabasites in order
to quantify Alpine P-T-d-t paths. Such tests help to evaluate whether the

tectonic mixture can be interpreted as a tectonic mélange.

2. Geological Setting

The RCT is the most internal portion of the SLZ (Fig. 1), the widest
Austroalpine nappe of the Italian Western Alps. The SLZ predominantly
consists of Palacozoic continental basement rocks (COMPAGNONI, 1977) char-
acterised by pre-Alpine amphibolite to granulite facies metamorphism which
occurred during Permian extension-related uplift (LARDEAUX & SPALLA,
1991; REBAY & SPALLA, 2001; SCHUSTER & STUWE, 2008; SPALLA et alii,
2014). The alpine evolution is characterised by polyphase deformation un-
der blueschist to eclogite facies conditions followed by retrogression under
blueschist to successive greenschist facies conditions (Go0sso, 1977; Poa-
NANTE et alii, 1980; LARDEAUX et alii, 1982; WILLIAMS & COMPAGNONI,
1983; VUICHARD, 1987; SPALLA et alii, 1991, 1996; ZUCALI et alii, 2002;
Gosso et alii, 2010; ZucArl, 2011; ZucALl & SPALLA, 2011) variably
recorded by the different metamorphic complexes. Alpine metamorphism
occurred under low T/depth ratio (ca. 6°C/km), compatible with cold sub-
ductions (CLoOs, 1993; HANDY & OBERHANSLI, 2004; MEDA et alii, 2010;
RODA et alii, 2012), which persisted until the exhumation of the SLZ, as
testified by blueschist-facies re-equilibration (SPALLA et alii, 1996; ZUCALI
et alit, 2004; ZANONI et alii, 2010). This led to the interpretation of exhuma-

tion process accomplished during ongoing active oceanic subduction (ZUCALI

https://mc.manuscriptcentral.com/ijg

Page 6 of 69



Page 7 of 69

oNOYTULT D WN =

105

106

107

108

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

Italian Journal of Geosciences

et alii, 2004; STOCKHERT & GERYA, 2005; BERGER & BOUSQUET, 2008;
ZANONI et alii, 2008; MEDA et alii, 2010; RODA et alii, 2012).

The SLZ is traditionally subdivided into different elements (e.g. DAL
P1az et alii, 1972; COMPAGNONI, 1977; SPALLA et alii, 1983; POGNANTE,
1989a; STUNITZ, 1989; SPALLA et alii, 1991; WHEELER & BUTLER, 1993;
HANDY & OBERHANSLI, 2004; BABIST et alii, 2006; MANZOTTI et alii, 2014;
CANTU et alii, 2016). The Seconda Zona Diorito-Kinzigitica (IIDK), com-
prises metapelites and metabasics of the lower crust that do not record the
Alpine eclogitic re-equilibration. The second element consists of polymeta-
morphic metapelites, metagranitoids, metabasics and marbles, from the lower
and upper crust, intruded by Permian igneous bodies (e.g. OBERHANSLI
et alii, 1985; REBAY & SPALLA, 2001; ZUCALI et alii, 2002) and it is fur-
ther divided into two metamorphic complexes: the Gneiss Minuti (GMC)
and the Eclogitic Micaschists (EMC), both pervasively eclogitized during
the Alpine event but with different rock-volume recording greenschist-facies
re-equilibration (STUNITZ, 1989; SPALLA et alii, 1991; GOSSO et alii, 2015;
CORTI et alii, 2017).

The RCT has been recognized as a further metamorphic complex belong-
ing to the SLZ (POGNANTE, 1989a) and consists of juxtaposed thrust sheets
derived from pre-alpine continental crust and upper mantle (POGNANTE,
1989a,b; SPALLA & ZULBATI, 2003; BARNES et alii, 2014). Such tectonic
slivers are limited by blueschist/greenschist-facies mylonitic zones of Alpine
age and are bounded by the EMC to the Northwest, the Southalpine domain
eastward, on the other side of the Periadriatic (Canavese) Lineament, and the

Lanzo Massif (LM) southward (Fig. 1). The latter is an ultramafic complex
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made up by mantle peridotites that were exhumed during lithospheric ex-
tension related to the formation of the Ligurian oceanic basin (158-163 Ma,
e.g. POGNANTE et alii, 1985; MUNTENER et alii, 2005; PICCARDO, 2010;
GUARNIERI et alii, 2012; RAMPONE et alii, 2014) and involved in Alpine con-
vergent tectonics (PELLETIER & MUNTENER, 2006; SCAMBELLURI et alit,

2017).

3. Lithologies and mesostructural features

One of the most striking features of the RCT is the intimate mixing
between mantle- and crust-derived lithologies, which locally occurs at metric
scale (CANTU et alii, 2016, Figs 2, 3 and 4). The unit consists of metapelites,
metagranite, metabasics, metagabbro and serpentinised lherzolite lenses from
metre to hundred-metre size (SPALLA & ZULBATI, 2003; CANTU et alii, 2016,
Fig. 4a,b).

Metapelites crop out in the central-western sector, toward the EMC con-
tact (Figs 1 and 2), and consist of paragneisses and micaschists characterised
by alternation of quartz, plagioclase, epidote-rich layers and blue-green am-
phibole, white mica and chlorite-rich layers. Locally, quartz-rich alternate
with jadeite, white mica and garnet-rich layers (CANTU et aliz, 2016); meta-
granitoids are less frequent and crop out in the eastern part of the RCT.
They are characterised by fine-grained blue amphibole, white mica-rich and
quartz and K-feldspar-rich alternating layers (CANTU et alii, 2016). Metaba-
sics consist of glaucophanites and metagabbros and minor pyroxenites and
omphacitites; they may be derived from oceanic or continental protoliths

(CANTU, 2011). Glaucophanites crop out in the central portion of the RCT
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and some lenses can be locally found in the surrounding micaschists. Glau-
cophanites have a tectonitic to mylonitic fabric and consist of glaucophane,
epidote, white mica, quartz, titanite and minor rutile, garnet, albite, chlo-
rite, actinolitic amphibole, stilpnomelane and green biotite. Lawsonite- and
pumpellite-bearing glaucophanites crop out mainly at the contact with the
Mylonitic Zone (Fig. 2), separating the RCT from the EMC and the LM. Few
metagabbro lenses are enclosed in glaucophanites and serpentinites and are
characterised by coronitic to mylonitic fabric with porphyroclasts of clinopy-
roxene and fine-grained aggregate of white mica, epidote, and locally preserv-
ing the omphacite-garnet association (CANTU et alii, 2016). Serpentinites
outcrop in the central and eastern part of the RCT and are generally thinly
foliated, with serpentine SPO marking foliation planes. They locally contain
metre- to decimetre-sized lenses preserving pyroxene and rare spinel (CANTU
et alii, 2016).

Multi-scale structural studies performed on the southern portion of the
RCT led to the recognition of four groups of structures (POGNANTE, 1989a,b;
SPALLA & ZULBATI, 2003) and the following description is a synthesis of the
work of CANTU et alii (2016), which also contains details on fabric element
orientations. Mineral abbreviations are according to WHITNEY & EVANS
(2010). Mineral associations characterising the dominant fabrics are summa-
rized in Table 1. The first group of structures (D1) mainly consists of the
S1 foliation, preserved in metapelites and marked by the SPO of Wm, Amp
and Qz. S1 is locally mylonitic and in these cases is defined by fine-grained
Jd, Wm, Ep and Qz-rich layers wrapping Grt, Jd and Ep porphyroclasts.

In the metagabbros and glaucophanites the oldest metamorphic relicts are
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Omp and Grt (D1a) or Gln, Grt and Lws (D1b).

D2 developed under blueschist-facies condition and is responsible for
the transposition of the original lithostratigraphy, as demonstrated by gab-
bro boudins within the serpentinites and by glaucophanite lenses within
metapelites. S2 fabric, associated to the D2 stage, is the most pervasive
structure in metapelites, metagranitoids and glaucophanites (Fig. 4a, b, c,
d), and is mylonitic and defined by compositional layering and SPO of Gln,
Wm, Pl and Ep. In metagabbros D2 is mostly characterised by discontinu-
ous S2 foliation marked by SPO of Gln, Wm, Ep and Grt (Fig. 4e, f). In
serpentinites S2 is mylonitic and marked by SPO of Srp and Opq trails. S2
foliation planes describe a main cluster dipping to the NE at approximately
30 degrees.

D3 stage developed under greenschist-facies conditions and consists of a
centimetre to metre-scale folding (PA3), associated with S3 axial plane fo-
liation with a main vertical NE striking orientation (Fig. 4b, c¢). The S3
foliation is commonly marked by the SPO of Wm, green Amp, Chl and Ep
in crustal rocks and by SPO of Srp in serpentinites. D4-related structures
still developed under greenschist-facies conditions, and are recorded only in
metapelites. D4 consists of a centimetre-spaced crenulation, locally associ-
ated with a rough cleavage, marked by SPO of Chl and Wm.

The tectonic contact between the RCT, the EMC and the LM is charac-
terised by a 100-200-metre-thick mylonitic zone that develops between the
EMC and the RCT to the North and the LM and the RCT to the South (Figs
1, 2 and 3); the mylonitic zone started forming during D2, under blueschist-

facies conditions (SPALLA & ZULBATI, 2003; CANTU et alii, 2016). It com-
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prises the same rocks forming the RCT with the addition of silicate-bearing
marble and was active from blueschist- (D2) to greenschist- (D3) facies con-
ditions, associated with the occurrence of km-scale asymmetric folding (PA3)

affecting the contact between RCT and EMC.

4. Microstructural analysis

Although several rock associations characterise the RCT, we focus our
analysis on two main lithologies, namely metagabbros and glaucophanites.
On the basis of Jd and Lws occurrence, the glaucophanites are further di-
vided in Jd- and Lws-bearing glaucophanites. Within the three rock types,
four main groups of superposed meso and microstructures may be separated
on the basis of their geometrical and kinematic coherence and mineral asso-
ciations (Table 2). Same mineral phases growing at different stages are num-
bered progressively, starting from their first occurrence in the rock. Minerals

stable through different stages keep the same number.

4.1. Stage M0 - Magmatic event

The oldest event is represented by igneous mineral relics with granu-
lar texture, preserved within coronitic metagabbros, such as Cpx1 and rare
Opx1, with interlobate margins towards ex-Pl sites totally replaced by micro-
aggregates (Fig. ba). Cpxl grains are generally subhedral and highly de-
formed, showing undulose extinction, kink bands and mechanical twins. Cpx1
porphyroclasts are frequently fractured, sometimes with microboudinage and
domino microstructures. Cpx1 grain-boundaries are often replaced by Amp

fibres or by a fine-grained aggregate of Chl, Ep and Opq (Fig. 5b). Ex-Pl
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sites are represented by aggregates alternatively of Pmp, Chl, Ep and Wm
or Wm only.

4.2. Stage M1a/D1a

Mla/D1la is the oldest metamorphic stage preserved in these rocks and is
recorded only in metagabbros and Jd-bearing glaucophanites. In metagab-
bros M1a corresponds to coronitic blastesis of Cpx2 and Grtl in ex-Pl sites.
Cpx2 also occurs as exolutions in Cpx1 porphyroclasts or as coronas on Cpx1
(Fig. 4b, ¢, d).

In the Jd-bearing glaucophanites D1a is associated with Jd1, Wm1, Grtl
and Epl growth. Jd1 granoblastic aggregates constitute 1-2 mm-sized sites
with brownish colour at plane polarized light (Fig. 6a), or occur as Jd1+Qz
symplectites. Wm1 is rare and generally associated to Jd14+Qz domains,
together with Grtl. Grtl and Epl occur as fine-grained (0.5 mm) subhe-
dral porphyroclasts wrapped by the main foliation (S2). Few subhedral Ttn
porphyroclasts occur in fine-grained portions and are wrapped by the S2
foliation.

Therefore, the assemblages interpreted as stable during stage pre-D2a are
(Table 2) Cpx2+Grtl in metagabbros and JA1+Wm1l+Grt1+Epl+Ttn+Qz

in Jd-bearing glaucophanites.

4.8. Stage D1b

D1b stage is recorded in Lws-bearing glaucophanites only and is marked
by medium size GInl, Wml, Grtl, Lwsl and Ep1 porphyroclasts wrapped by
S2 tectonitic to mylonitic foliation (Fig. 7a, b). Glnl is the most abundant
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phase in these samples. It is generally well preserved and forms millimetre-
size euhedral crystals. It is present both in microlithons, where it is generally
randomly oriented, and in films progressively parallelised to foliation direc-
tion (S2) toward cleavage domains (Fig. 7a, b, ¢). Glnl is often associated
with Wm1 along foliation planes or as S1 relict in D2 fold hinges (Fig. 7a,
b); in both cases they form rational grain boundaries. Some Glnl grains are
zoned and locally they show undulose extinction. Grtl occurs as millimetre-
size euhedral porphyroclasts dismembered by micro-boudinage and wrapped
by S2. Lwsl occurs in low D2 strain domains with SPO aligned in S1 (Fig. 7d,
e, f). Lwsl relicts are also found within Grtl porphyroclasts. Lwsl crystals
contain deformation lamellae. Epl constitutes submillimetre-size subhedral
porphyroclasts wrapped by S2 foliation. Epl is locally micro-boudinaged
and Ep2 crystals occur in the necks, aligned toward foliation direction. Ttn
porphyroclasts are sited in finer grained portions and are wrapped by S2.
Therefore, the assemblages interpreted as stable during stage pre-D2b in

Lws-bearing glaucophanites are GIn1+Wm1+Grt1+Lwsl+Epl+Ttn+Qz.

4.4. Stage D2

All rocks experienced D2 deformation, which is responsible for the most
pervasive foliation in all rocks. In metagabbros D2 is associated with blaste-
sis of GInl and Wml on Cpxl and by Grt2 in association with GInl in
coronas around Cpx1 porphyroclasts. Tectonitic and mylonitic metagabbros
are characterised by lenticular polycrystalline domains elongated within S2.
GInl mainly occurs in medium sized anhedral crystals replacing Cpx2, with
SPO parallel to S2. Grt2 mainly occurs in coronas around Cpx1 porphy-
roclasts, usually associated with GInl, Epl and Chll. Wm1 usually shows

13
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SPO, sometimes LPO, parallel to Cpx2 cleavages or internal foliation. Wm1
is very fine-grained and intergrown with Chll. Epl generally constitutes
millimetre-sized aggregates together with Chll, Glnl and Wm1 in intersti-
tial domains between Cpx1 and Cpx2 porphyroclasts. Epl is locally arranged
with an SPO that defines an incipient foliation and occurs in S2 microlithons.
Epl has also been detected in Cpx1 and Cpx2 coronas. Micro-boudinage of
some Epl grains occurs. Chll develops without any preferred orientation in
interstitial domains between Cpx1 and Cpx2 or occurs in association with
Epl and Wml. Pmpl usually occurs in interstitial domains between Cpx1
and Cpx2 and is generally well-preserved with euhedral habitus (Fig. 5¢, d),
showing rational grain boundaries with Epl.

In Jd-bearing glaucophanites S2 foliation is marked by elongated Jd1
porphyroclasts surrounded by medium grained GIlnl and Grt2 rich layers
(Fig. 6¢, d, e). Locally Glnl occurs inside Jd14+Qz+Grtl domains (Fig. 6f).
Layered microcrystalline matrix of Ep2 and Pl wraps Ttn and Epl. Ep2
crystals can be also found in Glnl- and Grt2-rich layers.

In Lws-bearing glaucophanites S2 foliation ranges from spaced to contin-
uous and is marked by SPO and LPO of Wm1 and SPO of Gln2, associated
with fine-grained Ep2, Ttn and Qz and, locally, isoriented Pmpl crystals.
Cleavage domains wrap Grtl, Epl and Lwsl porphyroclasts. Grtl is micro-
boudinaged during S2 development. Gln2 is found in cleavage domains and
has SPO parallel to S2. Recrystallised fine-grained Ep2 forms monomineralic
microlithons. Locally, Ep2 occurs within boudin necks of Ep1, elongated in
S2. Grt2 grains are in round-shaped sites wrapped by S2 films; such round-
shaped sites are replaced by randomly oriented Chl. Rare Pmp is fine-grained
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and subhedral and occurs in grains parallel or at high angle to S2 and locally
replacing Lwsl. These ambiguous deformation-blastesis relationships make
the timing of growth of Pmp doubtful (late-D2 or M3).
Therefore, the assemblages interpreted as stable during stage D2 are
Glnl+Grt2+Wml+Epl£+Pmpl+Chll in metagabbros,
GInl+Grt2+Ep2+Chl1£+£P1+Wm1+Qz+0pq in Jd-bearing glaucophan-
ites and
GIn2+Grt2+Wml+Qz+Ep2+Pmpl+Ttn+0Opq in Lws-bearing glauco-

phanites.

4.5. Stage D3

D3 deformation is recorded in metagabbros and Lws-bearing glaucophan-
ites, with various degrees of fabric evolution (e.g. SALVI et alii, 2010), gen-
erally characterised by a discontinuous S3 foliation, locally re-activating S2.
In metagabbros stage D3 is characterised by re-crystallisation of S2 minerals
into fine-grained aggregates and growth of green Ampl, Grt3, Chl2, Wm2
and Ep2. Green Ampl is small-sized and subhedral. Chl2 shows SPO and
LPO parallel to S3. Some Pmpl grains are micro-boudinaged and Chl2 and
green Ampl fibres fill the boudin necks. Locally Pmp2 develops in association
with Chl and fine-grained Ep2. Grt3 develops along Grt1/2 grain boundaries
or locally replaces Grt1/2 cores, or fills veins in coronitic metagabbros, but
no diagnostic relationships with S3 or S2 have been observed. Consequently
their growth is attributed to M3 stage, postdating syn-D2 Grt-growth.

In Lws-bearing glaucophanites D3 is associated to partial replacement of
GIn2 and Wml by green Ampl, Chll and green Btl along grain boundaries

and fractures, mimetic growth of Chll on S2 or pseudomorphic replacement
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of Chll on Grtl. Pmp2 in association with Chll and Ep3 constitutes micro-
aggregates. D3 is also associated with the development of a discontinuous
axial plane S3 foliation marked by SPO and LPO of green Ampl, Wm2, Chl1,
Ep3, green Btl and Ttn. Pmp partly replaces Lws and syn-D2 minerals.

Summarising the inferred stable assemblages during D3 are

green Ampl+Grt3+Chll1+Wm2+Ep2+PIl+Ttn+0Opq in metagabbros

and green Ampl+Chll+Wm2+Ep3+Pmp+4green Bt1+Qz+Ttn+0Opq in
Lws-bearing glaucophanites.

Post-D3 deformation and re-equilibration is responsible for a gentle fold-
ing of S3 foliation in Lws-bearing glaucophanites, without development of
any crenulation cleavage. Locally, Wm2 is replaced by a fine-grained aggre-
gate of Chl2-; green Btl- and Pl-bearing veins cross-cutting the pre-existing

fabrics.

5. Mineral Chemistry

We detected the mineral compositions from selected microstructural sites,
chosen for their potential to reveal the transformation pathways accompany-
ing fabric evolution, and to support P-T-d-t path reconstruction. Represen-
tative mineral analyses from metagabbros, Jd- and Lws-bearing glaucophan-
ites are shown in Tables 3, 4 and 5 respectively. Compositional variations are
detailed in Tables 1, 2, 3 of the Supplementary Materials (SM), and in dia-
grams (Figs 8, 9, 10 and 11) showing the compositional mineral trends, also
significant for thermo-barometric estimates. Mineral compositions have been
determined using a Jeol, JXA-8200 electron microprobe (WDS, accelerating
voltage of 15 kV, beam current of 15 nA), operating at the ”Dipartimento di
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Scienze della Terra - A. Desio” of Milano University. Natural silicates have
been used as standards and the results were processed for matrix effects using
a conventional ZAF procedure. Mineral formulae are calculated on the basis
of 12 oxygens for garnets and pumpellyites, 6 for pyroxenes, 23 for amphi-
boles, 22 for micas, 12.5 for epidotes, 8 for lawsonites and feldspars, 28 for
chlorites. Fe3* was recalculated based on the charge balance. Amphiboles
classification follows IMA 2012 recommendations (HAWTHORNE et alii, 2012;
OBERTI et alii, 2012) and we use LOCOCK (2014) spreadsheet. Pyroxenes

classification is after MORIMOTO (1988).

5.1. Metagabbros

Chemical data suggests diopside composition for magmatic (syn-M0) Cpx1
(Fig. 8a). Differently, Dla Cpx2 has a composition ranging between om-
phacite and diopsidic end-members, as a function of microstructural sites
(Fig. 8a). Cpx2 exolutions show a diopside-augite composition (Fig. 8a).
Cpx2 in coronitic site around Cpx1 generally exhibits higher Ca and Mg and
lower Na contents, leading to diopside composition (Fig. 8b). Cpx2 in Epl
and Chll (ex Pl) sites displays Na-rich compositions (Fig. 8b).

Dla and D2 Grtl and Grt2 are Mg- and Mn-poor and almost all Fe?*
rich (Fig. 9). Highest Ca content is recorded by Grt3 filling veins developed
in coronitic metagabbros (Fig. 9c).

Chemical data show a continuous compositional variation from syn-D2
Glnl to syn-D3 green Amp1 with a general trend of Na and Al depletion (Fig.
10a-c). Glnl shows Na depletion and Ca-enrichment toward the rim, leading
to a wide range of compositions from glaucophane to katophorite-winchite

terms (Fig. 10a). They are mostly sited in Cpxl coronas or replacing ex-
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Cpx1 sites. Amphiboles associated with Pmpl have composition ranging
from actinolite to winchite (Ampl in Fig. 10a) and syn-D3 green Ampl are
mostly Ca-rich amphiboles with actinolitic composition (g-Ampl in Fig. 10).

Sin D2 Wm1 exhibits different composition according to the microstruc-
tural site (Fig. 10d-f). Wml growing within GInl, Epl, Grtl and Chll sites
have phengitic composition while those occurring in pseudomorphic aggre-

gates together with Pmpl and Epl have muscovite composition.

5.2. Jd-bearing glaucophanites

Sin Dla Jd1 cores have higher Fe*' content (>0.20 a.p.f.u.) compared
to rim (<0.10 a.p.f.u.) (Fig. 8¢-d). Dla Grtl has lower Fe** and higher Ca
and Mn contents with respect to Grt2, whereas Mg content is <0.05 a.p.f.u.
(Fig. 9). Glnl stable during D2 has a NaB content from 1.6 and 2 a.p.f.u.
GInl cores show lower X, content with respect to GInl rims, with a more
Fe-glaucophane affinity (Fig. 10a).

Wml is stable from Dla to D2 deformation phase. Wm1 porphyroclasts
have chemical zoning from paragonitic to phengitic composition (Fig. 10d,e).
Paragonitic Wml is characterised by Na content between 1.4-1.6 a.p.f.u. and

low K (Fig. 10e); phengitic Wm1 is K-rich (1.4-1.8 a.p.f.u.) and Na-poor.

5.3. Lws-bearing glaucophanites

In Lwsl, stable during D1b, the amount of Ca is 0.9 a.p.f.u. and Al
ranges between 1.98-2.04 a.p.fu. Low amount of FeO is present (0.28-63
wt%), generally being higher in Lwsl included in Grtl porphyroclasts, and
MnO occurs in traces. Sin D1b Grtl has higher Ca and Mn content than

Grt2 stable during D2, and lower Mg content (Fig. 9). These differences can
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reflect variations in the bulk compositions from the different samples selected
to investigate syn-D1b and syn-D2 mineral assemblages.

Sin D1b GInl and syn-D2 GIn2 share same chemical composition: B site is
completely filled by Na and Al in octahedral coordination (A1Y! 6.0 a.p.f.u.),
leaving T site completely filled by Si atoms (Fig. 10a). X,z has little os-
cillation, in the range of 0.4-0.6 and Ti content is below the detection limit.
Green Ampl, stable during D3, is Ca-rich with high Mg content in octahedral
coordination (Mg 3.2 a.p.f.u., Fe 1.5 a.p.f.u. and Al 0.1 a.p.f.u.), correspond-
ing to actinolite-edenite composition (Fig. 10a). Both syn-D1b/D2 Wml
and D3 Wm2 have phengitic composition (Fig. 10d) with Na content <0.2
a.p.fu. (Fig. 10e) and relatively high (Fe+Mg) content (0.6-1.0 a.p.f.u.).

6. Pressure and Temperature conditions of metamorphism

Micro-structural analysis indicates that the investigated rocks preserve
evidence of superposed structural and metamorphic re-equilibrations (even
in volumes as small as that of a thin section), and allows the definition of
paragenetic sequences. It also permits the identification of favourable sites,
where microstructures suggest attainment of grain-scale equilibrium, for in-
ferring PT conditions during each re-equilibration stage. PT values derived
using critical minerals such as garnet, in which the compositional zoning sug-
gests a heterogeneous re-equilibration, have been calculated using minerals in
microstructural domains indicating textural equilibria. Physical conditions
of successive re-equilibration stages have been inferred by the application of
well calibrated independent thermo-barometers (Table 6), calculated mineral

equilibria and experimental curves. Reaction curves and stable intersections
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for each lithology have been derived by thermodynamic computational soft-
ware Thermocalc version 3.37 (mode 3-Schreinemakers, HOLLAND & Pow-
ELL, 1998) and reported in Figure 11 with relative error bars from mineral
compositions (Table 3-5). Inferred PT fields have been associated with each
deformation stage (Fig. 11) to deduce the P-T-d-t evolution (SPALLA, 1993;
JOHNSON & VERNON, 1995). Thermo-barometric estimates and errors are
shown in Table 6 and the T ranges, estimated with geothermometers, are
reported in Figure 11 at pressure values representing the average estimated
P. PT fields for each event consider the cross-correlation between the results
of different applied methods (Fig. 11), and these are supported by the co-
herence with successive parageneses, which are inferred by microstructural
analysis.

Mla/Dla stage, recorded by metagabbros took place at pressure above
1.4 GPa defined by the stability field of Jd, Grt and Wm (Fig. 11) and
confirmed by the Si** content in Wm (Table 6). The lower temperature limit
is defined by experimental curve Lws+Wm=Cpx+Wm+Qz, and Grt-Phe
and Grt-Cpx thermometer define a temperature range of 440-470°C. Similar
pressure conditions have also been defined for M1a/Dla stage recorded by
Jd-bearing glaucophanites (P>1.3 GPa), defined by the stability fields of Jd,
Grt, Wm and Ep, calculated for the analysed mineral compositions of the
equilibrium assemblage (Fig. 11). Calculated intersection points Grt, Wm,
Jd, Chl, Qz and Grt, Jd, Gl, Ab, Chl, Qz for Jd-bearing glaucophanites
give P=1.4540.5 GPa and T=540+30°C. Coherently, the Fe-Mg exchange
between Grt and Phe (GREEN & HELLMAN, 1982), applied to mineral pairs

in mutual contact in Jd-bearing glaucophanites, indicates T=510£35°C, and
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calibrated barometers gives P values of ca. 1.3 GPa (Table 6).

M1b/D1b stage is recorded by Lws-bearing glaucophanites and occurs
under temperature below 470°C as inferred for mineral compositions of the
assemblage Gln+Lws+Grt+Wm+Ep (Table 2; Fig. 11) and from three in-
dependent thermometers (Table 6). A minimum pressure of 1.1-1.2 GPa is
defined by the gradual consumption of Lws and the occurrence of Pmp (Fig.
11). The Si** content in Wm (Table 6) gives a pressure of 1.5 GPa.

D2 stage is shared by all lithologies and occurs in a temperature range of
ca. 380 to 550°C, as testified by the mineral association Gln+Grt+Wm+Pmp,
the gradual destabilisation of Lws in the Lws-bearing glaucophanites and the
occurrence of Pl in the Jd-bearing glaucophanites (Fig. 11). The Grt-Phe
and Grt-Amp geothermometers plots in the inferred T-interval. A relatively
high error affects the Grt-Amp estimates because of the high Na-content of
Amp (Table 6) with respect to original calibration (GRAHAM & POWELL,
1984; RAVNA, 2000). The upper pressure limit is constrained by the reac-
tion curve Ab=Jd+Qz for the Jd-bearing glaucophanites and by Pmp and
Gl occurrence for Lws-bearing glaucophanites and metagabbros. The lower
limit is defined for the Lws-bearing glaucophanites by the stability of Grt
and Pmp, confining the P interval of D2 between 0.9 and 1.4 GPa (Fig. 11),
in agreement with the estimates from independent barometers calculated for
metagabbros and Jd-bearing glaucophanites (Table 6). Calculated intersec-
tion points Grt, Ep, Amp, Qz and GIl, Grt, Ep, Qz and Grt, Pmp, Wm,
Amp, Ep, Qz give ranges of P=1.3+0.3 GPa and T=450+50°C (Fig. 11).

D3 stage coincides with the re-equilibration of previous mineral assem-

blages in the stability field of Chl, green Amp, Pl and Ep. Mineral assemblage
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is indicative of a pressure below 0.9 GPa and a temperature below 380°C,
in agreement with the calculated curves Grt+Lws=Pmp+Chl+Qz+Ab and
Pmp+Chl4+Qz=Tr+Ep (Fig. 11). Coherently the Al;, content in Chl

(CATHELINEAU, 1988) and the Fe-Mg exchange between Grt and Chl (GRAMBLING,

1990) give T of 295+15 and 320460, respectively (Table 6).

7. Discussion

Integrated microstructural and petrologic investigations performed on
metabasites from Rocca-Canavese Thrust Sheet allowed to infer different
metamorphic conditions for metagabbros, Jd- and Lws-bearing glaucophan-
ites (Fig. 12). Metagabbros and Jd-bearing glaucophanites record an early
structural and metamorphic equilibration stage (D1a) at P=1.3-1.8 GPa and
T=450-550°C, under eclogite facies condition. Eclogite facies conditions have
never been documented before in the RCT (POGNANTE, 1989a; SPALLA &
ZULBATI, 2003) although an early HP mineral assemblage, developed during
D1, has been described by CANTU et alii (2016). Differently, Lws-bearing
glaucophanites experienced the first metamorphic stage (D1b) at lower tem-
perature (<470°C) and pressure (1.2-1.5 GPa), under Lws-blueschist-facies
condition (Fig. 12). This stage represents the metamorphic peak docu-
mented by POGNANTE (1989a) and SPALLA & ZULBATI (2003). Dla is
followed by a T and P decrease during D2, whereas the D1b to D2 exhuma-
tion path is characterised by a small T-increase. From D2 on, the RCT
metabasites underwent a common metamorphic evolution, under a relatively
depressed thermal state (<470°C) at intermediate pressure conditions up to

pumpellyite-actinolite-facies conditions (Fig. 12).
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Therefore, metabasites of Rocca Canavese Thrust Sheet belong to two
distinct tectono-metamorphic-units (TMUs) before D2, as indicated by the
contrasted P-T-d-t paths resulting from structural and petrologic integrated
analyses (Fig. 12). The first one is characterised by the exhumation of
metagabbros and Jd-bearing glaucophanites from eclogite- to Ep-blueschist-
facies conditions. Conversely, the second TMU (Lws-bearing glaucophanites)
is characterised by an exhumation from Lws-blueschist- to Ep-blueschist-
facies conditions. After syn-D2 coupling, the RCT metabasites belong to a
single TMU until the final exhumation. S2 foliation, frequently mylonitic, is
the most pervasive fabric in the RCT and affects metapelites, metagranitoids
and glaucophanites, metagabbros and serpentinites. Even the mylonitic zone
marking the tectonic contact between the RC'T, the EMC and the LM started
forming during D2.

The metamorphic peak of metagabbro and Jd-bearing glaucophanites re-
flects a P/T ratio comprised between that characterising a cold and a warm
subduction zone (ca. 8°C/km) while the peak of Lws-bearing glaucophanites
reflects a P/T ratio compatible with a cold subduction (ca. 6°C/km, Fig.
12). The comparison of the inferred P-climax conditions recorded during
Dla and D1b stages with the thermal state predicted by the 2D numeri-
cal modelling of an ocean-continent subduction system (RODA et alii, 2010,
2011), suggests that they are consistent with a slab dip comprised between
30 and 45°, for a convergence rate varying from 3 to 10 cm/yr. Physical con-
ditions of syn-D2 metamorphic imprint developed under a similar thermal
regime, indicating that TMUs coupling and beginning of exhumation oc-

curred during oceanic subduction, before continental collision. In contrast,
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syn-D3 inferred PT environment is sensibly higher, consistent with the ther-
mal state of a continental collision. However, it must be emphasized that, as
already evidenced by numerical models (e.g. GERYA & STOCKHERT, 2005;
MEDA et alii, 2010; RODA et alii, 2010, 2012; REGORDA et alii, 2017), dif-
ferent thermal states recorded by different TMUs do not necessarily imply
a variation in the subduction zone dynamics. Indeed, rocks subducted and
exhumed in the same subduction system can record different thermal states
as a function of their trajectories within the hydrated mantle wedge. Taking
into account the PT or P-T-d-t evolutions inferred from LM and EMC rocks
in areas close to the region here investigated (REBAY, 2003; PELLETIER &
MUNTENER, 2006; REBAY & MESSIGA, 2007), we deduce that the coupling
between the different TMUs in the south Sesia-Lanzo Zone (RCT, EMC,
LM) occurred during the earlier exhumation stages, under blueschist-facies
metamorphic conditions consistent with those characterising D2 indicating
a cold thermal state and, as already pointed out, suggesting a still active
oceanic subduction.

The RCT consists of a tectonic mixture of metagabbros, glaucophanites
and metagranitoid blocks enclosed in sheared metapelites and serpentinites
(Fig. 4). The blocks size range from m to km-scale and two different P-
T-d-t paths characterise the evolution of metabasites up to D2, when they
are coupled together with the other rocks of the mixing zone (Fig. 12).
These structural and petrological characteristics agree with those described
for other subduction-related tectonic mélanges (see for example the charac-
ters describe for the Franciscan mélanges, ERNST, 2016). Moreover, other

tectonic mixing in the Alps (e.g. Voltri Massif, Furgg zone, Arosa zone
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and Adula-Cima Lunga nappe) have been interpreted as orogenic mélanges.
Therefore, we propose that RCT can represent a tectonic mélange accreted

during exhumation in the Alpine subduction channel.

8. Conclusions

The integrated use of structural and petrological analysis, validated at
the regional scale by detailed structural mapping, made possible the recon-
struction of the tectono-metamorphic evolution of metabasites from Rocca
Canavese Thrust Sheet and the distinction of different early-Alpine (Upper
Cretaceous?) TMUs. In metagabbros and Jd-bearing glaucophanites the
first recorded D1la metamorphic stage was characterised by P=1.3-1.8 GPa
and T=450-550°C, under eclogite facies conditions, recognised for the first
time in the RCT. Differently, the early inferred D1b metamorphic stage in
Lws-bearing glaucophanites developed at T<470°C and P of ca. 1.2-1.5 GPa,
under Lws-blueschist-facies conditions.

The two TMUs were coupled together during the early exhumation stages
in the time of D2 deformation, under Ep-blueschist-facies conditions and co-
herently shared the successive evolution, recorded under low-P greenschist-
facies conditions, compatible with a collisional thermal state. The coupling
between the two TMUs of the RCT, the EMC and the LM occurred un-
der a cold thermal regime typical for an oceanic subduction, within a sub-
duction channel. These features indicate that the mixing of mantle- and
crust-derived rocks composing the RCT can be considered an example of
subduction-related mélange accreted during exhumation in the Alpine sub-

duction channel.
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Figure 1: Tectonic sketch map of the Sesia-Lanzo Zone (SLZ). Rocca Canavese Thrust
10 Sheet (RCT) is located in the South SLZ, between Eclogitic Micaschists Complex (EMC)
and Canavese Zone (CZ).

Figure 2: Lithological map of Rocca Canavese Thrust Sheet (RCT) redrawn after CANTU
17 et alii (2016). The mylonitic zone marks the contact between the RCT and Eclogitic
Micaschists Complex (EMC) or Lanzo Massif (LM). The RCT consists of a mixing between

20 mantle- and crust-derived lithologies.

24 Figure 3: Geological cross-sections. Legend and location of sections are reported in Fig.
25 9.
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Figure 4: Metabasites of the RCT and different meso-structures. a) Small-scale block
of metagranite within serpentinite matrix. b) Metre-scale block of metagabbro within
serpentinite matrix. ¢) S2 mylonitic foliation in Lws-bearing glaucophanites. d) D3 folding
of S2 foliation in Lws-bearing glaucophanites. e) S2 mylonitic foliation in Jd-bearing
glaucophanites. f) D3 folding of S2 foliation in Jd-bearing glaucophanites and development
of a discontinuous S3 foliation. g) Coronitic relict domains in metagabbros, wrapped by

S2. h) Relict magmatic layering in poorly deformed metagabbros.

Figure 5: Microstructures in metagabbros. a) Cpx2 occurring as Cpxl coronas; long side
of photomicrograph (LSP) 0.86 mm. b) Cpx1 rimmed by Cpx2 and ex-Pl site replaced
by Grtl and Cpx2; LSP 0.86 mm. c) Interstitial ex-Pl sites between Cpx1 porphyroclasts
replaced by Pmpl+Chll and Wm1+Chll; LSP 0.86 mm. d) Crossed polar image of Fig.
5¢c; LSP 0.86 mm. e) Relicts of Cpx2 (see 4f) within Pmpl and Chll sites; LSP 0.86 mm.
f) Back-Scattered Electron (BSE) image of squared area located on Fig. 5e.

Figure 6: Microstructures in Jd-bearing glaucophanites. a) S1 foliation marked by elon-
gated Jd-rich domains alternating with Glnl and Grt2-rich layers; LSP 3.30 mm. b)
Crossed polar image of Fig. 6a; LSP 3.30 mm. ¢) BSE image of squared area in Fig. 6c.
d) Jd1 partially replaced by Glnl; LSP 0.86 mm. e) Crossed polar image of Fig. 6d to
highlight blue interference colour for Jd-cores; LSP 0.86 mm. f) BSE image of squared
area of Fig. 6d.

Figure 7: Microstructures in Lws-bearing glaucophanites. a) S2 films marked by
GIn24+Wm1 and lithons hosting S1 foliation marked by Gnll, Wm1 and Lwsl; LSP 3.30
mm. b) Crossed polar image of Fig. 7a; LSP 3.30 mm. c¢) BSE image showing S2 foliation
underlined by Wm1 and Pmp1 and S1 relict fabric marked by Glnl. d) S1 foliation marked
by Lwsl and Wm1 SPO; LSP 3.30 mm. e) S1 foliation marked by Lwsl and Wm1 SPO;
LSP 0.86 mm. f) Crossed polar image of Fig. 7e; LSP 0.86 mm.
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Figure 8: Compositional variations of Px in metagabbros and Jd-bearing glaucophanites.
Cpx1 has diopside composition, whereas Cpx2 shows different composition as a function
of the microstructural site: Cpx2 coronas on Cpx1 is diopside while Cpx2 replacing ex-P1
sites is omphacite. Jd1 has composition variable from core to rim. Legend: red squares
= Cpx1 porphyroclasts in metagabbros (Mg); orange squares = Cpx2 exolutions in Cpx1
porphyroclasts in metagabbros; blue squares = Cpx2 in metagabbros; blue circles = Jd1

in Jd-bearing glaucophanites (Jd-Gl).

Figure 9: Compositional variation of Grt in all rocks. See text for details in compositional

variations. Scale along axes in panels a and b may be different from 0-100%.

Figure 10: Compositional variation of Amp (a, b and ¢) and Wm (d, e and f) in the RCT
metabasites. Amphiboles range between glaucophane to actinolite. White micas range
from phengite to muscovite. Some high paragonite content is detected for micas from

Jd-bearing glaucophanites.

Figure 11: PT conditions for the three lithologies inferred from the integration of thermo-
barometers, comparison of natural assemblages with experimental univariant equilibria,

calculated reaction curves and stable intersections.

Figure 12: P-T-d history inferred from PT-estimates. In the insets the representa-
tion of dominant fabric and mineral assemblage for each stage is shown. Metamor-
phic facies after (ERNST & Liou, 2008): GS=greenschist; Ep-A=epidote-bearing amphi-
bolite; BS=Dblueschists; AM=amphibolite; EC=eclogite; HGR=high pressure granulite;
GR=granulite. Geotherms: Vi=stable geotherms (ENGLAND & THOMPSON, 1984) for

continental crust; 3a) warm subduction zones, 3b) cold subduction zones (CLOOS, 1993).

47

https://mc.manuscriptcentral.com/ijg



Page 48 of 69

Italian Journal of Geosciences

WA\ pue [q) poureid

‘s10ke] zO+dugFdyg
pue  WMAID+IPV  jo
Suriefe| reuorjisodwoo

£q  pesrewr uoneroj g

+dag jJo OdS Aq padrew o3e
-A®D[D UOIjR[NUAID €5 Poje
-1JUSISYIP ® [IIM PIIRIDOS
-se A[eso] ‘yiSuslosem wd

0T © YjIm uorje[nuaid g

ZOF WM +10V JO
OdT pue OdS £q paxrewt
uorjer[oy  onruoAwr g9

dwgFsqreay
o pue  dgtwmturd
Jo OdSs £q poxrew uory

-eI[0] ¢S SNONUIJUOISI(]

Surrede] reuoryisoduwod
zp+dg  pue  wm—turd
MPryy-ww Aq parewr g9

spreay dg pue dig
Jo Ods 4q payrew uoryer|
-0 7S onjruojAw A[[elsusx)

Burieke|
Teuorjrsodurod zO+s13
pue dg+wm+urd

M}oryy -ww  Aq  podIew

uorger[oy  oruo[Aw  gg

s901[0d smr] pue 15 ‘duQ

s90110d smr] pue 115 ‘duQ

‘syse[qordydiod dy pue pr
‘q15) Surddeim ‘siofe] yolx

-z0 pue D FAgF WM +Pr
Surjeurajje Aq pasIew Uor}

‘wp\+dyg £q pooerd
-1 [d gxdD pue up) £q
pooerdax Ajqreraed st xdp
‘poatssaxd oaxe sjyse[poilyd
-10d xdp 91njx99 d13sR[qOU
-e18 U] OLIRJ DI}TUO}D9Y

I0 DI3TUOIOD Y3IM A[[RISUDY)

dg+2z0
pue wp\+Uus) jo siake| Sur

-}eUIOY[R MOIYI-WD 0F -WN

2IN9)X9) DIIUOTAW YIIm
sodAy pejerjoj ur paatesard
Aqreoor dg pue xdp jo sor[al
q3m  enopred  onserqou

-e18 posturjuodios A[OPIAA

o1eDS-WD 0} -Twur
Je sieke] UODLI SIM-Z) Ypm
Suryeurale wp +dury

peurei8-auy  jo s19her]

s1oke] Surreaq

WM+PL UM 0jeuIRlER

oiqqese)d ]\

ojrueydoone[n

ajturjuadieg

sstougoyliQ

-ouy  Aq  pesrewr uorjel] wMHUD+10V -e1[oy oruoldw g Aqred  s1ede| YOLI-Z0) Afreo
-0} YSnol yjim pojeIdOSSe Jo OdS 4£q pexqiew uorje ‘Surieke| -or1 "dQ pue df ‘315 arelx -or] U+ Hdury
Aqreoor worjeroy g¢g jo uory  -rjoy ouerd [erxe gg yym  [euorjsodurod Zp+un  pue zd ‘wp ‘U jo Ods  pue dg+1d+20
-B[NUSID 9[RS -WID O} -WN pojeroosse Surp(oj [eUI[D0s] pue wp\ +2z) Aq pauyep gS Aq poiewr uorjeroy IS Jjo s1ake] 9)eUIN Y sogrjodesay
va ea ca a
ouqe pue a8el1g uorydriosa(g so18010Y 1]

— NN TN ONOWORN

"9UO0Z JTUOIATN PuR T, 9} JO SYO0I PIULIOJOP T} UL SOLICR] JURUIUIOP PUR SUOIJRIIOSSR [RIGUIIN :T 9[RBT,

48

https://mc.manuscriptcentral.com/ijg



Italian Journal of Geosciences

Page 49 of 69

— NN TN ONO0

bdOF W LFzOF13d usesSFgdudFedg+gWwm+TIyD+1dwy usels UOI§eI[0f SNONUIFUOOSIP €5 ‘Sulp(o} €Vd €d ‘€N €
bdoFwLFrdud FedadF20+TWM+2HD+TUD uorger[oy snruordw gg zd ‘TN 4
ZOFUNLFTAF+ISATHTHD+TWM+TULD UOTIRI[O] dIUOTAW TG ‘DI}[UOI0D q1a ‘91N T

sejtueydoone[3 Surreaq-smr
PAOFzOFITWMFIIFITUDFCdT+231D+T1UID UOI}RI[0] SNONUIIUOD gg ¢d ‘TN 4
ZOFULFIAA+THD+HTWM+TPL UOI3eI[0f DIHUO[AW S ‘OI3IU0I0D LA “eTIN T

soqiueydoone[3 3urreaq-pr
bdoFw L FidFedudFedd+ewMmM+gIuD+e1H+1dury uosrs UOI}RI[0] SNONUIUOISIP ¢F ‘SUIp[of €vd €d ‘€N €
TUOFTdud F1dg+ 1WA +231D+TUrD uoryer[o dnruordw gg ¢d ‘TN 4
13D FexdD O131U010D eTIN T
Id ‘1xdO ‘1xdp O131U0100 O 0

soiqqedeloN
UOI}RIDOSSY [RIDSUIIN saInjonijg o8e1g JUDATL]
'SUOIIRIDOSSE [RIDUIUW PUR SOINIONI)S IIISLIDIORIRYD M soges uo1euIOop JO %MNEESm 1% °Iqel,
N YN er 22NN RRRRRRLARIRRNRARTIPTILSISIRAY

49

https://mc.manuscriptcentral.com/ijg



oNOYTULT D WN =

Italian Journal of Geosciences

Table 3: Representative analysis of main minerals of metagabbros. [a]: corona on Cpxl;

[b]: exolution in Cpx1; |

|:

included in Pmpl.

Mineral Grtl Grt2 Cpx1 Cpx2[a] Cpx2[b] Cpx2[c] Gln Ampl Epl Wm1l
Si02 37.31 38.58 49.10 55.79 50.40 56.14 55.40 55.75 39.26 50.55
TiO2 0.00 0.15 0.96 0.09 0.66 0.21 0.04 0.07 0.02 0.00
Al203 21.92 21.90 6.78 11.81 6.07 9.62 12.69 1.36 31.90 26.76
Cr203 0.00 0.06 0.07 0.04 0.06 0.10 0.08 0.03 0.00 0.00
FeO 30.73 13.38 7.81 7.52 7.40 8.39 15.43 12.81 3.37 3.09
MnO 1.31 4.56 0.24 0.10 0.20 0.14 0.02 0.12 0.08 0.00
MgO 0.36 0.17 10.95 5.93 12.10 8.28 6.35 15.69 0.06 3.34
CaO 9.40 21.23 20.11 11.70 22.25 10.22 1.08 11.33 23.77 1.12
Na20 0.02 0.00 2.41 7.39 0.75 7.37 6.87 0.91 0.02 0.18
K20 0.00 0.00 0.21 0.00 0.01 0.02 0.05 0.05 0.00 9.65
Sum 101.05 100.03 98.64 100.38 99.92 100.49 98.01 98.12 98.49 94.69
Ox 12.00 12.00 6.00 6.00 6.00 6.00 23.00 23.00 12.50 22.00
Si 2.97 3.00 1.83 1.99 1.87 2.00 7.79 7.95 2.98 6.80
Ti 0.00 0.01 0.03 0.00 0.02 0.01 0.00 0.01 0.00 0.00
Al 2.05 2.01 0.30 0.50 0.27 0.40 2.10 0.23 2.86 4.24
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Fe2+ 2.04 0.87 0.07 0.20 0.22 0.15 1.81 1.53 0.05 0.35
Fe3+ 0.00 0.00 0.18 0.02 0.01 0.10 0.00 0.00 0.16 0.00
Mn 0.09 0.30 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.00
Mg 0.04 0.02 0.61 0.32 0.67 0.44 1.33 3.34 0.01 0.67
Ca 0.80 1.77 0.80 0.45 0.88 0.39 0.16 1.73 1.93 0.16
Na 0.00 0.00 0.17 0.51 0.05 0.51 1.87 0.25 0.00 0.05
K 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 1.66
Sum 8.00 7.98 4.30 4.50 4.27 4.40 15.09 15.06 8.00 13.93
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1

2

3

4

5

6

7

8

9

10

1 Table 4: Representative analysis of main minerals of Jd-bearing glaucophanites.
12 Mineral Jd1i Grtl Grt2 Glnl Wm1 Chll
13

14 Si02 59.34 37.27 37.13 55.89 51.88 26.05
15 TiO2 0.00 0.06 0.08 0.03 0.06 0.02
16

17 Al203 24.31 19.94 20.71 11.48 26.70 20.69
18 Cr203 0.00 0.00 0.01 0.01 0.00 0.10
19

20 FeO 1.57 22.03 37.33 20.02 2.02 27.38
21 MnO 0.03 8.94 1.19 0.00 0.02 0.25
22

23 MgO 0.05 0.30 0.28 3.58 3.41 14.46
24 CaO 0.37 9.43 5.12 0.21 0.06 0.01
25

26 Na20 15.16 0.04 0.04 7.53 0.25 0.00
27 K20 0.00 0.01 0.01 0.00 10.00 0.01
28

29 Sum 100.83 98.03 101.90 98.75 94.39 88.98
30 Ox 6.00 12.00 12.00 23.00 22.00 28.00
31

32 Si 1.99 3.05 2.98 7.95 6.94 5.46
33 Ti 0.00 0.00 0.00 0.00 0.01 0.00
34

35 Al 0.96 1.93 1.96 1.92 4.21 5.11
36 Cr 0.00 0.00 0.00 0.00 0.00 0.02
37

38 Fe2+ 0.00 1.51 2.50 2.38 0.23 4.80
39 Fe3+4 0.04 0.00 0.00 0.00 0.00 0.00
40

41 Mn 0.00 0.62 0.08 0.00 0.00 0.05
42 Mg 0.00 0.04 0.03 0.76 0.68 4.52
43

44 Ca 0.01 0.83 0.44 0.03 0.01 0.00
45 Na 0.99 0.01 0.01 2.08 0.06 0.00
46

47 K 0.00 0.00 0.00 0.00 1.71 0.00
48 Sum 4.00 7.98 8.03 15.12 13.84 19.97
49
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Table 5: Representative analysis of main minerals of Lws-bearing glaucophanites.
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Mineral Glnl Gln2 Ampl Grtl Grt2 Lws Wm1l Wm2 Ttn
Si02 58.16 56.20 52.39 37.21 38.05 38.12 53.00 51.74 35.03
TiO2 0.03 0.05 0.00 0.11 0.00 0.04 0.07 0.13 32.47
Al203 11.87 11.41 1.28 21.84 21.37 31.46 23.03 29.15 3.66
Cr203 0.06 0.06 0.00 0.00 0.10 0.01 0.05 0.01 0.33
FeO 12.79 10.12 12.30 18.57 29.14 0.39 2.41 1.96 0.21
MnO 0.00 0.02 0.33 8.92 0.69 0.03 0.11 0.00 0.05
MgO 7.43 8.82 14.52 0.57 9.66 0.01 4.46 3.01 0.02
CaO 0.18 0.51 11.90 13.42 0.98 16.08 0.03 0.00 27.36
Na20 7.66 7.57 0.73 0.00 0.00 0.01 0.07 0.31 0.04
K20 0.00 0.03 0.04 0.00 0.01 0.01 9.88 10.34 0.12
Sum 98.18 94.80 93.49 100.64 100.01 86.19 93.11 96.65 99.29
Ox 23.00 23.00 23.00 12.00 12.00 8.00 22.00 22.00 5.00
Si 8.02 7.97 7.89 2.94 2.93 2.04 7.20 6.77 4.00
Ti 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.01 2.79
Al 1.93 1.91 0.23 2.03 1.94 1.98 3.69 4.49 0.49
Cr 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.03
Fe2+ 1.47 1.20 1.55 1.23 1.88 0.02 0.27 0.21 0.02
Fe3+4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.04 0.60 0.05 0.00 0.01 0.00 0.01
Mg 1.53 1.86 3.26 0.07 1.11 0.00 0.90 0.59 0.00
Ca 0.03 0.08 1.92 1.13 0.08 0.92 0.00 0.00 3.35
Na 2.05 2.08 0.21 0.00 0.00 0.00 0.02 0.08 0.01
K 0.00 0.01 0.01 0.00 0.00 0.00 1.71 1.72 0.02
Sum 15.03 15.11 15.11 8.03 8.06 4.97 13.82 13.88 10.71
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Figure 1: Tectonic sketch map of the Sesia-Lanzo Zone (SLZ). Rocca Canavese Thrust Sheet (RCT) is located
in the south SLZ, between Eclogitic Micaschists Complex (EMC) and Canavese Zone (CZ).
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Figure2: Lithological map of Rocca Canavese Thrust Sheet (RCT) redrawn after Cantu et alii (2016). The
mylonitic zone marks the contact between the RCT and Eclogitic Micaschists Complex (EMC) or Lanzo Massif
(LM). The RCT consists of a mixing between mantle- and crust-derived lithologies.
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Figure 3: Geological cross-sections. Legend and location of sections are reported in Fig. 2.
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Figure 4: Metabasites of the RCT and different meso-structures. a) Small-scale block of metagranite within
serpentinite matrix. b) Metre-scale block of metagabbro within serpentinite matrix. c) S2 mylonitic foliation
in Lws-bearing glaucophanites. d) D3 folding of S2 foliation in Lws-bearing glaucophanites. e) S2 mylonitic
foliation in Jd-bearing glaucophanites. f) D3 folding of S2 foliation in Jd-bearing glaucophanites and
development of a discontinuous S3 foliation. g) Coronitic relict domains in metagabbros, wrapped by S2. h)
Relict magmatic layering in poorly deformed metagabbros.
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Figure 5: Microstructures in metagabbros. a) Cpx2 occurring as Cpx1 coronas; long side of photomicrograph
(LSP) 0.86 mm. b) Cpx1 rimmed by Cpx2 and ex-PI site replaced by Grtl and Cpx2; LSP 0.86 mm. c)
Interstitial ex-Pl sites between Cpx1 porphyroclasts replaced by Pmp1+Chll and Wm1+Chi1; LSP 0.86 mm.
d) Crossed polar image of Fig. 5c; LSP 0.86 mm. e) Relicts of Cpx2 (see 4f) within Pmp1 and Chl1 sites; LSP
0.86 mm. f) Back-Scattered Electron (BSE) image of squared area located on Fig. 5e.
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Figure 6: Microstructures in Jd-bearing glaucophanites. a) S1 foliation marked by elongated Jd-rich domains
alternating with GIn1 and Grt2-rich layers; LSP 3.30 mm. b) Crossed polar image of Fig. 6a; LSP 3.30 mm.
45 c) BSE image of squared area in Fig. 6c. d) Jd1 partially replaced by GIn1; LSP 0.86 mm. e) Crossed polar

46 image of Fig. 6d to highlight blue interference colour for Jd-cores; LSP 0.86 mm. f) BSE image of squared

47 area of Fig. 6d.

49 184x210mm (150 x 150 DPI)
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5.0kY

Figure 7: Microstructures in Lws-bearing glaucophanites. a) S2 films marked by GIn2+Wm1 and lithons
hosting S1 foliation marked by Gnll, Wm1 and Lws1; LSP 3.30 mm. b) Crossed polar image of Fig. 7a; LSP
3.30 mm. c) BSE image showing S2 foliation underlined by Wm1 and Pmp1 and S1 relict fabric marked by

GInl. d) S1 foliation marked by Lws1l and Wm1 SPO; LSP 3.30 mm. e) S1 foliation marked by Lws1 and

Wm1 SPO; LSP 0.86 mm. f) Crossed polar image of Fig. 7e; LSP 0.86 mm.
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Figure 8: Compositional variations of Px in metagabbros and Jd-bearing glaucophanites. Cpx1 has diopside
composition, whereas Cpx2 shows different composition as a function of the microstructural site: Cpx2
coronas on Cpx1 is diopside while Cpx2 replacing ex-P| sites is omphacite. Jd1 has composition variable from
core to rim. Legend: red squares = Cpx1 porphyroclasts in metagabbros (Mg); orange squares = Cpx2
exolutions in Cpx1 porphyroclasts in metagabbros; blue squares = Cpx2 in metagabbros; blue circles = Jd1

in Jd-bearing glaucophanites (Jd-Gl).
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Figure 9: Compositional variation of Grt in all rocks. See text for details in compositional variations. Scale
along axes in panels a and b may be different from 0-100%
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Figure 10: Compositional variation of Amp (a, b and c) and Wm (d, e and f) in the RCT metabasites.
Amphiboles range between glaucophane to actinolite. White micas range from phengite to muscovite. Some
high paragonite content is detected for micas from Jd-bearing glaucophanites.
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Figure 11: PT conditions for the three lithologies inferred from the integration of thermo-barometers,
comparison of natural assemblages with experimental univariant equilibria, calculated reaction curves and

stable intersections.
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Figure 12: P-T-d history inferred from PT-estimates. In the insets the representation of dominant fabric and
mineral assemblage for each stage is shown. Metamor- phic facies after (Ernst & Liou, 2008):

42 GS=greenschist; Ep-A=epidote-bearing amphi- bolite; BS=blueschists; AM=amphibolite; EC=eclogite;

43 HGR=high pressure granulite; GR=granulite. Geotherms: Vi=stable geotherms (England & Thompson, 1984)

44 for continental crust; 3a) warm subduction zones, 3b) cold subduction zones (Cloos, 1993).
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Supporting Information for ”Structural and metamorphic evolu-
tion of a subduction-related mélange: the example of Rocca Canavese

Thrust Sheet (Italian Western Alps)”
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1. Tables 1 to 3: Details on compositional variations in minerals mark-
ing different metamorphic stages of (1) metagabbros, (2) Jd-bearing

glaucophanites and (3) Lws-bearing glaucophanites.
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Table 1: Details on compositional variations in minerals marking different metamorphic

stages of metagabbros.
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Mineral MO Dla D2 D3
Cpx Na=0.00-0.17 Na=0.04-0.60
Ca=0.80-0.95 Ca=0.07-0.96
Fe3t=0.00-0.21 Fe3t=0.00-0.24
Al;:=0.21-0.35  Al;»:=0.04-0.56
Amp Nap=0.66-1.90 Nap=0.00-1.53
Al=0.44-3.05  Al-=0.00-1.91
Cap=0.08-1.17 Cap=0.41-2.00
Gt Ca=0.59-0.87 Ca=0.53-1.17 Ca=0.24-1.77
Mg=0.03-0.13 Mg=0.03-0.23 Mg=0.02-0.34
Fe=1.92-2.15 Fe=1.60-2.22 Fe=0.87-2.27
Mn=0.09-0.17  Mn=0.04-0.37  Mn=0.02-0.30
Wm 5i=6.06-6.45
Ti=0.01-0.06
Al =4.98-5.70
Mg=0.08-0.37
Pg=0.00-0.25
Pl Ca=0.00-0.01
Na=0.97-1.01
K=0.00-0.00
Ep Aly1=2.29-3.04
Fe3t=0.00-0.64
Mn=0.00-0.02
Chl Fe=1.95-5.00
Mg=3.93-7.53
Al=4.29-5.09
Pmp Mg=0.29-0.39
Fe=0.15-0.25
2

https://mc.manuscriptcentral.com/ijg



oNOYTULT D WN =

Italian Journal of Geosciences

Table 2: Details on compositional variations in minerals marking different metamorphic

stages of Jd-bearing glaucophanites.

Page 68 of 69

Mineral Dla D2 D3
Cpx Na=0.86-1.05
Ca=0.00-0.05

Fe?*+=0.00-0.26
Al;0:=0.71-0.96

Amp Nap=1.65-1.97
Ale=1.59-1.94

Cap=0.03-0.35

Gt Ca=0.78-0.92 Ca=0.27-0.78

Mg=0.00-0.07 Mg=0.00-0.08

Fe=1.53-2.03 Fe=1.28-2.71

Mn=0.08-0.62 Mn=0.02-0.93
Wm Si=6.14-6.94

Ti=0.00-0.02
Alyor=4.21-5.88
Mg=0.02-0.68
Pg=0.02-0.93
Pl Ca=0.00-0.01
Na=0.97-1.01
K=0.00-0.00
Ep Al =2.36-2.46
Fe3+=0.45-0.61
Mn=0.01-0.02
Chl Fe=3.95-4.65
Mg=2.79-3.03
Al=4.89-5.08
3
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Table 3: Details on compositional variations in minerals marking different metamorphic
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stages of Lws-bearing glaucophanites.

Mineral D1b D2 D3
Amp Nap=1.54-1.98
Ale=1.81-1.99
Cap=0.01-0.22
Gt Ca=1.03-1.30 Ca=0.08-0.09
Mg=0.06-0.11 Mg=1.09-1.14
Fe=1.17-1.33 Fe=1.84-1.88
Mn=0.47-0.62  Mn=0.04-0.05
Wm Si=6.67-7.20 5i=6.75-6.86
Ti=0.00-0.03 Ti=0.01-0.01
Al 01=3.62-4.68 Alypr=4.24-4.49
Mg=0.42-0.95 Mg=0.56-0.63
Pg=0.01-0.24 Pg=0.03-0.05
Lws Al=1.97-2.04
Fe;,+=0.01-0.03
Ca=0.91-0.94
Pl Ca=0.00-0.02
Na=0.98-1.01
K=0.00-0.03
Ep Alyyr=2.18-2.32
Fe3T=0.70-0.86
Mn=0.01-0.02
Pmp Mg=0.42-0.51
Fe=0.12-0.14
Chl Fe=4.39-4.80
Mg=4.52-5.00
Al=4.59-5.11
4
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