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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 D1a 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. D1a 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. Introduction1

Mélanges are rock units characterised both by the lack of internal continu-2

ity of contacts or strata and by the inclusion of fragments and blocks of differ-3

ent sizes, lithologies, origin and ages, commonly embedded in a finer-grained4

matrix (Raymond, 1984; Cowan, 1985; Cloos & Shreve, 1988; Polino5

2
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et alii , 1990; Festa et alii , 2010; Dilek et alii , 2012; Balestro et alii ,6

2015; Wakabayashi, 2015; Ernst, 2016). The criteria of matrix compo-7

sition and fabric are not employed in the definition of the term mélanges8

(Raymond, 1984). Mélanges may be subdivided into tectonic, diapiric, al-9

lolistostromes, and polygenetic mélanges where the primary cause of frag-10

mentation and mixing is known to be tectonic, diapiric, sedimentary, or a11

combination of processes, respectively (Raymond, 1984).12

Although tectonic mélanges may characterize different geodynamic en-13

vironments of formation, they are commonly associated with subduction of14

oceanic lithosphere and collisional events, and originate in an accretionary15

wedge or in a subduction channel during subduction-exhumation processes16

(Festa et alii , 2010; Dilek et alii , 2012). In these environments, a tectonic17

mixing of relatively poorly deformed lenses (from m- to km-scale) of heteroge-18

neous lithologies with contrasting P-T-d-t paths, enclosed in highly sheared19

serpentinite and/or metasediments rocks, occurs (Gerya & Stöckhert,20

2005; Federico et alii , 2007; Guillot et alii , 2009; Roda et alii , 2010;21

Malatesta et alii , 2012; Roda et alii , 2012; Wakabayashi, 2015; Ernst,22

2016).23

Examples of subduction-related tectonic mélanges have been widely re-24

ported from the Alps (e.g. Polino et alii , 1990; Spalla et alii , 1996; Festa25

et alii , 2010; Ernst, 2016) from East (e.g. Frisch, 1984; Ring et alii ,26

1988; Winkler, 1988) to West (Caron et alii , 1989; Schwartz, 2000;27

Balestro et alii , 2015; Tartarotti et alii , 2017). For example, in the28

Voltri Massif tectonic mélange (Penninic domain of Western Alps), a schis-29

tose chlorite-actinolite matrix encloses metre-scale blocks of metagabbros,30

3
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metabasites, metasediments and serpentinites (Federico et alii , 2007). The31

massif underwent a polyphase deformation before and after the tectonic mix-32

ing occurred in a serpentinite-subduction channel (Malatesta et alii , 2012).33

A similar interpretation has been proposed for the Furgg zone (Penninic do-34

main of Western Alps) on the basis of its chaotic character and heterogeneous35

composition, including continental basement rocks, serpentinite, and Per-36

mian Mesozoic continental cover (Milnes et alii , 1981; Froitzheim, 2001).37

The Arosa zone (Penninic domain of Central-Eastern Alps) is characterised38

by a tectonic mélange of blocks of both Austroalpine and Penninic origin39

embedded in a serpentinitic or shaly-calcareous matrix (Ring et alii , 1990).40

Finally, the Adula-Cima Lunga nappe (Penninic domain of Central Alps)41

consists of a mixture of mafic and ultramafic rocks surrounded by pelitic-42

gneiss of pre-Alpine basement (Jenny et alii , 1923). This mixture of rocks43

within a narrow zone is best interpreted as a tectonic mélange formed in a44

subduction zone (Trommsdorff, 1990). More recent investigations on the45

Adula nappe, suggest that its rocks were subducted and exhumed together46

during the Alpine convergence (Herwartz et alii , 2011; Cavargna-Sani47

et alii , 2014; Sandmann et alii , 2014). Unfortunately, these contributions48

lack of a detailed structural analysis correlating the Alpine tectonic history49

with the polyphase metamorphic evolution. The assemblage of units consist-50

ing of highly deformed and imbricated slices of pre-Alpine continental crust51

and mantle, elongated parallel to the Southern Steep Belt of the Central Alps52

and characterized by variable metamorphic grade, has been interpreted as a53

tectonic mélange formed in a subduction channel (Engi et alii , 2001, 2004).54

In the rocks of the Austroalpine domain of the Western Alps different PT55

4
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conditions and P-T-d-t paths are recorded during the Alpine subduction and56

their exhumation is generally achieved in a cold thermal state compatible57

with a still active subduction (Spalla et alii , 1996, 2010; Stöckhert &58

Gerya, 2005; Bousquet, 2008; Meda et alii , 2010; Roda et alii , 2010,59

2012). For this reason, the Sesia-Lanzo Zone (SLZ) has been interpreted as60

a tectonic mixture of mainly continent-derived rocks (e.g. monometamor-61

phic metasediments, pre-Alpine marbles, granulites and amphibolites, Per-62

mian granitoids, partly serpentinized peridotites), originated in a subduction63

channel (Pognante, 1989a; Ferraris & Compagnoni, 2003; Spalla &64

Zulbati, 2003; Gerya & Stöckhert, 2005; Meda et alii , 2010; Roda65

et alii , 2012). In the southern part of the Sesia-Lanzo Zone (SLZ), the66

Rocca Canavese Thrust Sheet (RCT) is characterised by mixing of man-67

tle and crust-derived lithologies (Pognante, 1989a; Spalla & Zulbati,68

2003; Barnes et alii , 2014; Cantù et alii , 2016), and may be interpreted69

as a former subduction-related mélange of the Austroalpine domain.70

Pognante (1989a) indicates similar PT peak conditions in all lithologies71

at 0.8-1 GPa and 300-400◦C, in the lawsonite stability field, during the Alpine72

subduction, and this would contrast with the requirement of different P-T-73

d-t paths recorded in the blocks of a subduction-related mélange. However,74

in a recent structural map of the RCT, Cantù et alii (2016) describe differ-75

ent mineral assemblages developed under peak conditions, characterised by76

lawsonite or jadeite respectively. Such assemblage differences suggest the pos-77

sible occurrence of different metamorphic evolutions, which must be checked78

with the reconstruction of quantitative P-T-d-t paths that have not been in-79

ferred so far. With this purpose, the meso and microstructural analysis of the80

5
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tectonic slices of RCT has been refined and micro-structurally constrained81

thermo-barometric estimates have been performed in metabasites in order82

to quantify Alpine P-T-d-t paths. Such tests help to evaluate whether the83

tectonic mixture can be interpreted as a tectonic mélange.84

2. Geological Setting85

The RCT is the most internal portion of the SLZ (Fig. 1), the widest86

Austroalpine nappe of the Italian Western Alps. The SLZ predominantly87

consists of Palaeozoic continental basement rocks (Compagnoni, 1977) char-88

acterised by pre-Alpine amphibolite to granulite facies metamorphism which89

occurred during Permian extension-related uplift (Lardeaux & Spalla,90

1991; Rebay & Spalla, 2001; Schuster & Stüwe, 2008; Spalla et alii ,91

2014). The alpine evolution is characterised by polyphase deformation un-92

der blueschist to eclogite facies conditions followed by retrogression under93

blueschist to successive greenschist facies conditions (Gosso, 1977; Pog-94

nante et alii , 1980; Lardeaux et alii , 1982; Williams & Compagnoni,95

1983; Vuichard, 1987; Spalla et alii , 1991, 1996; Zucali et alii , 2002;96

Gosso et alii , 2010; Zucali, 2011; Zucali & Spalla, 2011) variably97

recorded by the different metamorphic complexes. Alpine metamorphism98

occurred under low T/depth ratio (ca. 6◦C/km), compatible with cold sub-99

ductions (Cloos, 1993; Handy & Oberhänsli, 2004; Meda et alii , 2010;100

Roda et alii , 2012), which persisted until the exhumation of the SLZ, as101

testified by blueschist-facies re-equilibration (Spalla et alii , 1996; Zucali102

et alii , 2004; Zanoni et alii , 2010). This led to the interpretation of exhuma-103

tion process accomplished during ongoing active oceanic subduction (Zucali104

6
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et alii , 2004; Stöckhert & Gerya, 2005; Berger & Bousquet, 2008;105

Zanoni et alii , 2008; Meda et alii , 2010; Roda et alii , 2012).106

The SLZ is traditionally subdivided into different elements (e.g. Dal107

Piaz et alii , 1972; Compagnoni, 1977; Spalla et alii , 1983; Pognante,108

1989a; Stünitz, 1989; Spalla et alii , 1991; Wheeler & Butler, 1993;109

Handy & Oberhänsli, 2004; Babist et alii , 2006; Manzotti et alii , 2014;110

Cantù et alii , 2016). The Seconda Zona Diorito-Kinzigitica (IIDK), com-111

prises metapelites and metabasics of the lower crust that do not record the112

Alpine eclogitic re-equilibration. The second element consists of polymeta-113

morphic metapelites, metagranitoids, metabasics and marbles, from the lower114

and upper crust, intruded by Permian igneous bodies (e.g. Oberhänsli115

et alii , 1985; Rebay & Spalla, 2001; Zucali et alii , 2002) and it is fur-116

ther divided into two metamorphic complexes: the Gneiss Minuti (GMC)117

and the Eclogitic Micaschists (EMC), both pervasively eclogitized during118

the Alpine event but with different rock-volume recording greenschist-facies119

re-equilibration (Stünitz, 1989; Spalla et alii , 1991; Gosso et alii , 2015;120

Corti et alii , 2017).121

The RCT has been recognized as a further metamorphic complex belong-122

ing to the SLZ (Pognante, 1989a) and consists of juxtaposed thrust sheets123

derived from pre-alpine continental crust and upper mantle (Pognante,124

1989a,b; Spalla & Zulbati, 2003; Barnes et alii , 2014). Such tectonic125

slivers are limited by blueschist/greenschist-facies mylonitic zones of Alpine126

age and are bounded by the EMC to the Northwest, the Southalpine domain127

eastward, on the other side of the Periadriatic (Canavese) Lineament, and the128

Lanzo Massif (LM) southward (Fig. 1). The latter is an ultramafic complex129

7
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made up by mantle peridotites that were exhumed during lithospheric ex-130

tension related to the formation of the Ligurian oceanic basin (158-163 Ma,131

e.g. Pognante et alii , 1985; Müntener et alii , 2005; Piccardo, 2010;132

Guarnieri et alii , 2012; Rampone et alii , 2014) and involved in Alpine con-133

vergent tectonics (Pelletier & Müntener, 2006; Scambelluri et alii ,134

2017).135

3. Lithologies and mesostructural features136

One of the most striking features of the RCT is the intimate mixing137

between mantle- and crust-derived lithologies, which locally occurs at metric138

scale (Cantù et alii , 2016, Figs 2, 3 and 4). The unit consists of metapelites,139

metagranite, metabasics, metagabbro and serpentinised lherzolite lenses from140

metre to hundred-metre size (Spalla & Zulbati, 2003; Cantù et alii , 2016,141

Fig. 4a,b).142

Metapelites crop out in the central-western sector, toward the EMC con-143

tact (Figs 1 and 2), and consist of paragneisses and micaschists characterised144

by alternation of quartz, plagioclase, epidote-rich layers and blue-green am-145

phibole, white mica and chlorite-rich layers. Locally, quartz-rich alternate146

with jadeite, white mica and garnet-rich layers (Cantù et alii , 2016); meta-147

granitoids are less frequent and crop out in the eastern part of the RCT.148

They are characterised by fine-grained blue amphibole, white mica-rich and149

quartz and K-feldspar-rich alternating layers (Cantù et alii , 2016). Metaba-150

sics consist of glaucophanites and metagabbros and minor pyroxenites and151

omphacitites; they may be derived from oceanic or continental protoliths152

(Cantù, 2011). Glaucophanites crop out in the central portion of the RCT153

8
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and some lenses can be locally found in the surrounding micaschists. Glau-154

cophanites have a tectonitic to mylonitic fabric and consist of glaucophane,155

epidote, white mica, quartz, titanite and minor rutile, garnet, albite, chlo-156

rite, actinolitic amphibole, stilpnomelane and green biotite. Lawsonite- and157

pumpellite-bearing glaucophanites crop out mainly at the contact with the158

Mylonitic Zone (Fig. 2), separating the RCT from the EMC and the LM. Few159

metagabbro lenses are enclosed in glaucophanites and serpentinites and are160

characterised by coronitic to mylonitic fabric with porphyroclasts of clinopy-161

roxene and fine-grained aggregate of white mica, epidote, and locally preserv-162

ing the omphacite-garnet association (Cantù et alii , 2016). Serpentinites163

outcrop in the central and eastern part of the RCT and are generally thinly164

foliated, with serpentine SPO marking foliation planes. They locally contain165

metre- to decimetre-sized lenses preserving pyroxene and rare spinel (Cantù166

et alii , 2016).167

Multi-scale structural studies performed on the southern portion of the168

RCT led to the recognition of four groups of structures (Pognante, 1989a,b;169

Spalla & Zulbati, 2003) and the following description is a synthesis of the170

work of Cantù et alii (2016), which also contains details on fabric element171

orientations. Mineral abbreviations are according to Whitney & Evans172

(2010). Mineral associations characterising the dominant fabrics are summa-173

rized in Table 1. The first group of structures (D1) mainly consists of the174

S1 foliation, preserved in metapelites and marked by the SPO of Wm, Amp175

and Qz. S1 is locally mylonitic and in these cases is defined by fine-grained176

Jd, Wm, Ep and Qz-rich layers wrapping Grt, Jd and Ep porphyroclasts.177

In the metagabbros and glaucophanites the oldest metamorphic relicts are178

9
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Omp and Grt (D1a) or Gln, Grt and Lws (D1b).179

D2 developed under blueschist-facies condition and is responsible for180

the transposition of the original lithostratigraphy, as demonstrated by gab-181

bro boudins within the serpentinites and by glaucophanite lenses within182

metapelites. S2 fabric, associated to the D2 stage, is the most pervasive183

structure in metapelites, metagranitoids and glaucophanites (Fig. 4a, b, c,184

d), and is mylonitic and defined by compositional layering and SPO of Gln,185

Wm, Pl and Ep. In metagabbros D2 is mostly characterised by discontinu-186

ous S2 foliation marked by SPO of Gln, Wm, Ep and Grt (Fig. 4e, f). In187

serpentinites S2 is mylonitic and marked by SPO of Srp and Opq trails. S2188

foliation planes describe a main cluster dipping to the NE at approximately189

30 degrees.190

D3 stage developed under greenschist-facies conditions and consists of a191

centimetre to metre-scale folding (PA3), associated with S3 axial plane fo-192

liation with a main vertical NE striking orientation (Fig. 4b, c). The S3193

foliation is commonly marked by the SPO of Wm, green Amp, Chl and Ep194

in crustal rocks and by SPO of Srp in serpentinites. D4-related structures195

still developed under greenschist-facies conditions, and are recorded only in196

metapelites. D4 consists of a centimetre-spaced crenulation, locally associ-197

ated with a rough cleavage, marked by SPO of Chl and Wm.198

The tectonic contact between the RCT, the EMC and the LM is charac-199

terised by a 100-200-metre-thick mylonitic zone that develops between the200

EMC and the RCT to the North and the LM and the RCT to the South (Figs201

1, 2 and 3); the mylonitic zone started forming during D2, under blueschist-202

facies conditions (Spalla & Zulbati, 2003; Cantù et alii , 2016). It com-203

10
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prises the same rocks forming the RCT with the addition of silicate-bearing204

marble and was active from blueschist- (D2) to greenschist- (D3) facies con-205

ditions, associated with the occurrence of km-scale asymmetric folding (PA3)206

affecting the contact between RCT and EMC.207

4. Microstructural analysis208

Although several rock associations characterise the RCT, we focus our209

analysis on two main lithologies, namely metagabbros and glaucophanites.210

On the basis of Jd and Lws occurrence, the glaucophanites are further di-211

vided in Jd- and Lws-bearing glaucophanites. Within the three rock types,212

four main groups of superposed meso and microstructures may be separated213

on the basis of their geometrical and kinematic coherence and mineral asso-214

ciations (Table 2). Same mineral phases growing at different stages are num-215

bered progressively, starting from their first occurrence in the rock. Minerals216

stable through different stages keep the same number.217

4.1. Stage M0 - Magmatic event218

The oldest event is represented by igneous mineral relics with granu-219

lar texture, preserved within coronitic metagabbros, such as Cpx1 and rare220

Opx1, with interlobate margins towards ex-Pl sites totally replaced by micro-221

aggregates (Fig. 5a). Cpx1 grains are generally subhedral and highly de-222

formed, showing undulose extinction, kink bands and mechanical twins. Cpx1223

porphyroclasts are frequently fractured, sometimes with microboudinage and224

domino microstructures. Cpx1 grain-boundaries are often replaced by Amp225

fibres or by a fine-grained aggregate of Chl, Ep and Opq (Fig. 5b). Ex-Pl226

11
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sites are represented by aggregates alternatively of Pmp, Chl, Ep and Wm227

or Wm only.228

4.2. Stage M1a/D1a229

M1a/D1a is the oldest metamorphic stage preserved in these rocks and is230

recorded only in metagabbros and Jd-bearing glaucophanites. In metagab-231

bros M1a corresponds to coronitic blastesis of Cpx2 and Grt1 in ex-Pl sites.232

Cpx2 also occurs as exolutions in Cpx1 porphyroclasts or as coronas on Cpx1233

(Fig. 4b, c, d).234

In the Jd-bearing glaucophanites D1a is associated with Jd1, Wm1, Grt1235

and Ep1 growth. Jd1 granoblastic aggregates constitute 1-2 mm-sized sites236

with brownish colour at plane polarized light (Fig. 6a), or occur as Jd1+Qz237

symplectites. Wm1 is rare and generally associated to Jd1+Qz domains,238

together with Grt1. Grt1 and Ep1 occur as fine-grained (0.5 mm) subhe-239

dral porphyroclasts wrapped by the main foliation (S2). Few subhedral Ttn240

porphyroclasts occur in fine-grained portions and are wrapped by the S2241

foliation.242

Therefore, the assemblages interpreted as stable during stage pre-D2a are243

(Table 2) Cpx2+Grt1 in metagabbros and Jd1+Wm1+Grt1+Ep1±Ttn±Qz244

in Jd-bearing glaucophanites.245

4.3. Stage D1b246

D1b stage is recorded in Lws-bearing glaucophanites only and is marked247

by medium size Gln1, Wm1, Grt1, Lws1 and Ep1 porphyroclasts wrapped by248

S2 tectonitic to mylonitic foliation (Fig. 7a, b). Gln1 is the most abundant249
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phase in these samples. It is generally well preserved and forms millimetre-250

size euhedral crystals. It is present both in microlithons, where it is generally251

randomly oriented, and in films progressively parallelised to foliation direc-252

tion (S2) toward cleavage domains (Fig. 7a, b, c). Gln1 is often associated253

with Wm1 along foliation planes or as S1 relict in D2 fold hinges (Fig. 7a,254

b); in both cases they form rational grain boundaries. Some Gln1 grains are255

zoned and locally they show undulose extinction. Grt1 occurs as millimetre-256

size euhedral porphyroclasts dismembered by micro-boudinage and wrapped257

by S2. Lws1 occurs in low D2 strain domains with SPO aligned in S1 (Fig. 7d,258

e, f). Lws1 relicts are also found within Grt1 porphyroclasts. Lws1 crystals259

contain deformation lamellae. Ep1 constitutes submillimetre-size subhedral260

porphyroclasts wrapped by S2 foliation. Ep1 is locally micro-boudinaged261

and Ep2 crystals occur in the necks, aligned toward foliation direction. Ttn262

porphyroclasts are sited in finer grained portions and are wrapped by S2.263

Therefore, the assemblages interpreted as stable during stage pre-D2b in264

Lws-bearing glaucophanites are Gln1+Wm1+Grt1+Lws1+Ep1±Ttn±Qz.265

4.4. Stage D2266

All rocks experienced D2 deformation, which is responsible for the most267

pervasive foliation in all rocks. In metagabbros D2 is associated with blaste-268

sis of Gln1 and Wm1 on Cpx1 and by Grt2 in association with Gln1 in269

coronas around Cpx1 porphyroclasts. Tectonitic and mylonitic metagabbros270

are characterised by lenticular polycrystalline domains elongated within S2.271

Gln1 mainly occurs in medium sized anhedral crystals replacing Cpx2, with272

SPO parallel to S2. Grt2 mainly occurs in coronas around Cpx1 porphy-273

roclasts, usually associated with Gln1, Ep1 and Chl1. Wm1 usually shows274
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SPO, sometimes LPO, parallel to Cpx2 cleavages or internal foliation. Wm1275

is very fine-grained and intergrown with Chl1. Ep1 generally constitutes276

millimetre-sized aggregates together with Chl1, Gln1 and Wm1 in intersti-277

tial domains between Cpx1 and Cpx2 porphyroclasts. Ep1 is locally arranged278

with an SPO that defines an incipient foliation and occurs in S2 microlithons.279

Ep1 has also been detected in Cpx1 and Cpx2 coronas. Micro-boudinage of280

some Ep1 grains occurs. Chl1 develops without any preferred orientation in281

interstitial domains between Cpx1 and Cpx2 or occurs in association with282

Ep1 and Wm1. Pmp1 usually occurs in interstitial domains between Cpx1283

and Cpx2 and is generally well-preserved with euhedral habitus (Fig. 5c, d),284

showing rational grain boundaries with Ep1.285

In Jd-bearing glaucophanites S2 foliation is marked by elongated Jd1286

porphyroclasts surrounded by medium grained Gln1 and Grt2 rich layers287

(Fig. 6c, d, e). Locally Gln1 occurs inside Jd1+Qz+Grt1 domains (Fig. 6f).288

Layered microcrystalline matrix of Ep2 and Pl wraps Ttn and Ep1. Ep2289

crystals can be also found in Gln1- and Grt2-rich layers.290

In Lws-bearing glaucophanites S2 foliation ranges from spaced to contin-291

uous and is marked by SPO and LPO of Wm1 and SPO of Gln2, associated292

with fine-grained Ep2, Ttn and Qz and, locally, isoriented Pmp1 crystals.293

Cleavage domains wrap Grt1, Ep1 and Lws1 porphyroclasts. Grt1 is micro-294

boudinaged during S2 development. Gln2 is found in cleavage domains and295

has SPO parallel to S2. Recrystallised fine-grained Ep2 forms monomineralic296

microlithons. Locally, Ep2 occurs within boudin necks of Ep1, elongated in297

S2. Grt2 grains are in round-shaped sites wrapped by S2 films; such round-298

shaped sites are replaced by randomly oriented Chl. Rare Pmp is fine-grained299
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and subhedral and occurs in grains parallel or at high angle to S2 and locally300

replacing Lws1. These ambiguous deformation-blastesis relationships make301

the timing of growth of Pmp doubtful (late-D2 or M3).302

Therefore, the assemblages interpreted as stable during stage D2 are303

Gln1+Grt2+Wm1+Ep1±Pmp1±Chl1 in metagabbros,304

Gln1+Grt2+Ep2±Chl1±Pl±Wm1±Qz±Opq in Jd-bearing glaucophan-305

ites and306

Gln2+Grt2+Wm1+Qz±Ep2±Pmp1±Ttn±Opq in Lws-bearing glauco-307

phanites.308

4.5. Stage D3309

D3 deformation is recorded in metagabbros and Lws-bearing glaucophan-310

ites, with various degrees of fabric evolution (e.g. Salvi et alii , 2010), gen-311

erally characterised by a discontinuous S3 foliation, locally re-activating S2.312

In metagabbros stage D3 is characterised by re-crystallisation of S2 minerals313

into fine-grained aggregates and growth of green Amp1, Grt3, Chl2, Wm2314

and Ep2. Green Amp1 is small-sized and subhedral. Chl2 shows SPO and315

LPO parallel to S3. Some Pmp1 grains are micro-boudinaged and Chl2 and316

green Amp1 fibres fill the boudin necks. Locally Pmp2 develops in association317

with Chl and fine-grained Ep2. Grt3 develops along Grt1/2 grain boundaries318

or locally replaces Grt1/2 cores, or fills veins in coronitic metagabbros, but319

no diagnostic relationships with S3 or S2 have been observed. Consequently320

their growth is attributed to M3 stage, postdating syn-D2 Grt-growth.321

In Lws-bearing glaucophanites D3 is associated to partial replacement of322

Gln2 and Wm1 by green Amp1, Chl1 and green Bt1 along grain boundaries323

and fractures, mimetic growth of Chl1 on S2 or pseudomorphic replacement324
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of Chl1 on Grt1. Pmp2 in association with Chl1 and Ep3 constitutes micro-325

aggregates. D3 is also associated with the development of a discontinuous326

axial plane S3 foliation marked by SPO and LPO of green Amp1, Wm2, Chl1,327

Ep3, green Bt1 and Ttn. Pmp partly replaces Lws and syn-D2 minerals.328

Summarising the inferred stable assemblages during D3 are329

green Amp1+Grt3+Chl1+Wm2+Ep2±Pl±Ttn±Opq in metagabbros330

and green Amp1+Chl1+Wm2+Ep3±Pmp±green Bt1±Qz±Ttn±Opq in331

Lws-bearing glaucophanites.332

Post-D3 deformation and re-equilibration is responsible for a gentle fold-333

ing of S3 foliation in Lws-bearing glaucophanites, without development of334

any crenulation cleavage. Locally, Wm2 is replaced by a fine-grained aggre-335

gate of Chl2-, green Bt1- and Pl-bearing veins cross-cutting the pre-existing336

fabrics.337

5. Mineral Chemistry338

We detected the mineral compositions from selected microstructural sites,339

chosen for their potential to reveal the transformation pathways accompany-340

ing fabric evolution, and to support P-T-d-t path reconstruction. Represen-341

tative mineral analyses from metagabbros, Jd- and Lws-bearing glaucophan-342

ites are shown in Tables 3, 4 and 5 respectively. Compositional variations are343

detailed in Tables 1, 2, 3 of the Supplementary Materials (SM), and in dia-344

grams (Figs 8, 9, 10 and 11) showing the compositional mineral trends, also345

significant for thermo-barometric estimates. Mineral compositions have been346

determined using a Jeol, JXA-8200 electron microprobe (WDS, accelerating347

voltage of 15 kV, beam current of 15 nA), operating at the ”Dipartimento di348
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Scienze della Terra - A. Desio” of Milano University. Natural silicates have349

been used as standards and the results were processed for matrix effects using350

a conventional ZAF procedure. Mineral formulae are calculated on the basis351

of 12 oxygens for garnets and pumpellyites, 6 for pyroxenes, 23 for amphi-352

boles, 22 for micas, 12.5 for epidotes, 8 for lawsonites and feldspars, 28 for353

chlorites. Fe3+ was recalculated based on the charge balance. Amphiboles354

classification follows IMA 2012 recommendations (Hawthorne et alii , 2012;355

Oberti et alii , 2012) and we use Locock (2014) spreadsheet. Pyroxenes356

classification is after Morimoto (1988).357

5.1. Metagabbros358

Chemical data suggests diopside composition for magmatic (syn-M0) Cpx1359

(Fig. 8a). Differently, D1a Cpx2 has a composition ranging between om-360

phacite and diopsidic end-members, as a function of microstructural sites361

(Fig. 8a). Cpx2 exolutions show a diopside-augite composition (Fig. 8a).362

Cpx2 in coronitic site around Cpx1 generally exhibits higher Ca and Mg and363

lower Na contents, leading to diopside composition (Fig. 8b). Cpx2 in Ep1364

and Chl1 (ex Pl) sites displays Na-rich compositions (Fig. 8b).365

D1a and D2 Grt1 and Grt2 are Mg- and Mn-poor and almost all Fe2+366

rich (Fig. 9). Highest Ca content is recorded by Grt3 filling veins developed367

in coronitic metagabbros (Fig. 9c).368

Chemical data show a continuous compositional variation from syn-D2369

Gln1 to syn-D3 green Amp1 with a general trend of Na and Al depletion (Fig.370

10a-c). Gln1 shows Na depletion and Ca-enrichment toward the rim, leading371

to a wide range of compositions from glaucophane to katophorite-winchite372

terms (Fig. 10a). They are mostly sited in Cpx1 coronas or replacing ex-373
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Cpx1 sites. Amphiboles associated with Pmp1 have composition ranging374

from actinolite to winchite (Amp1 in Fig. 10a) and syn-D3 green Amp1 are375

mostly Ca-rich amphiboles with actinolitic composition (g-Amp1 in Fig. 10).376

Sin D2 Wm1 exhibits different composition according to the microstruc-377

tural site (Fig. 10d-f). Wm1 growing within Gln1, Ep1, Grt1 and Chl1 sites378

have phengitic composition while those occurring in pseudomorphic aggre-379

gates together with Pmp1 and Ep1 have muscovite composition.380

5.2. Jd-bearing glaucophanites381

Sin D1a Jd1 cores have higher Fe3+ content (>0.20 a.p.f.u.) compared382

to rim (<0.10 a.p.f.u.) (Fig. 8c-d). D1a Grt1 has lower Fe2+ and higher Ca383

and Mn contents with respect to Grt2, whereas Mg content is <0.05 a.p.f.u.384

(Fig. 9). Gln1 stable during D2 has a NaB content from 1.6 and 2 a.p.f.u.385

Gln1 cores show lower XMg content with respect to Gln1 rims, with a more386

Fe-glaucophane affinity (Fig. 10a).387

Wm1 is stable from D1a to D2 deformation phase. Wm1 porphyroclasts388

have chemical zoning from paragonitic to phengitic composition (Fig. 10d,e).389

Paragonitic Wm1 is characterised by Na content between 1.4-1.6 a.p.f.u. and390

low K (Fig. 10e); phengitic Wm1 is K-rich (1.4-1.8 a.p.f.u.) and Na-poor.391

5.3. Lws-bearing glaucophanites392

In Lws1, stable during D1b, the amount of Ca is 0.9 a.p.f.u. and Al393

ranges between 1.98-2.04 a.p.f.u. Low amount of FeO is present (0.28-63394

wt%), generally being higher in Lws1 included in Grt1 porphyroclasts, and395

MnO occurs in traces. Sin D1b Grt1 has higher Ca and Mn content than396

Grt2 stable during D2, and lower Mg content (Fig. 9). These differences can397
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reflect variations in the bulk compositions from the different samples selected398

to investigate syn-D1b and syn-D2 mineral assemblages.399

Sin D1b Gln1 and syn-D2 Gln2 share same chemical composition: B site is400

completely filled by Na and Al in octahedral coordination (AlV I 6.0 a.p.f.u.),401

leaving T site completely filled by Si atoms (Fig. 10a). XMg has little os-402

cillation, in the range of 0.4-0.6 and Ti content is below the detection limit.403

Green Amp1, stable during D3, is Ca-rich with high Mg content in octahedral404

coordination (Mg 3.2 a.p.f.u., Fe 1.5 a.p.f.u. and Al 0.1 a.p.f.u.), correspond-405

ing to actinolite-edenite composition (Fig. 10a). Both syn-D1b/D2 Wm1406

and D3 Wm2 have phengitic composition (Fig. 10d) with Na content <0.2407

a.p.f.u. (Fig. 10e) and relatively high (Fe+Mg) content (0.6-1.0 a.p.f.u.).408

6. Pressure and Temperature conditions of metamorphism409

Micro-structural analysis indicates that the investigated rocks preserve410

evidence of superposed structural and metamorphic re-equilibrations (even411

in volumes as small as that of a thin section), and allows the definition of412

paragenetic sequences. It also permits the identification of favourable sites,413

where microstructures suggest attainment of grain-scale equilibrium, for in-414

ferring PT conditions during each re-equilibration stage. PT values derived415

using critical minerals such as garnet, in which the compositional zoning sug-416

gests a heterogeneous re-equilibration, have been calculated using minerals in417

microstructural domains indicating textural equilibria. Physical conditions418

of successive re-equilibration stages have been inferred by the application of419

well calibrated independent thermo-barometers (Table 6), calculated mineral420

equilibria and experimental curves. Reaction curves and stable intersections421
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for each lithology have been derived by thermodynamic computational soft-422

ware Thermocalc version 3.37 (mode 3-Schreinemakers, Holland & Pow-423

ell, 1998) and reported in Figure 11 with relative error bars from mineral424

compositions (Table 3-5). Inferred PT fields have been associated with each425

deformation stage (Fig. 11) to deduce the P-T-d-t evolution (Spalla, 1993;426

Johnson & Vernon, 1995). Thermo-barometric estimates and errors are427

shown in Table 6 and the T ranges, estimated with geothermometers, are428

reported in Figure 11 at pressure values representing the average estimated429

P. PT fields for each event consider the cross-correlation between the results430

of different applied methods (Fig. 11), and these are supported by the co-431

herence with successive parageneses, which are inferred by microstructural432

analysis.433

M1a/D1a stage, recorded by metagabbros took place at pressure above434

1.4 GPa defined by the stability field of Jd, Grt and Wm (Fig. 11) and435

confirmed by the Si4+ content in Wm (Table 6). The lower temperature limit436

is defined by experimental curve Lws+Wm=Cpx+Wm+Qz, and Grt-Phe437

and Grt-Cpx thermometer define a temperature range of 440-470◦C. Similar438

pressure conditions have also been defined for M1a/D1a stage recorded by439

Jd-bearing glaucophanites (P>1.3 GPa), defined by the stability fields of Jd,440

Grt, Wm and Ep, calculated for the analysed mineral compositions of the441

equilibrium assemblage (Fig. 11). Calculated intersection points Grt, Wm,442

Jd, Chl, Qz and Grt, Jd, Gl, Ab, Chl, Qz for Jd-bearing glaucophanites443

give P=1.45±0.5 GPa and T=540±30◦C. Coherently, the Fe-Mg exchange444

between Grt and Phe (Green & Hellman, 1982), applied to mineral pairs445

in mutual contact in Jd-bearing glaucophanites, indicates T=510±35◦C, and446
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calibrated barometers gives P values of ca. 1.3 GPa (Table 6).447

M1b/D1b stage is recorded by Lws-bearing glaucophanites and occurs448

under temperature below 470◦C as inferred for mineral compositions of the449

assemblage Gln+Lws+Grt+Wm+Ep (Table 2; Fig. 11) and from three in-450

dependent thermometers (Table 6). A minimum pressure of 1.1-1.2 GPa is451

defined by the gradual consumption of Lws and the occurrence of Pmp (Fig.452

11). The Si4+ content in Wm (Table 6) gives a pressure of 1.5 GPa.453

D2 stage is shared by all lithologies and occurs in a temperature range of454

ca. 380 to 550◦C, as testified by the mineral association Gln+Grt+Wm+Pmp,455

the gradual destabilisation of Lws in the Lws-bearing glaucophanites and the456

occurrence of Pl in the Jd-bearing glaucophanites (Fig. 11). The Grt-Phe457

and Grt-Amp geothermometers plots in the inferred T-interval. A relatively458

high error affects the Grt-Amp estimates because of the high Na-content of459

Amp (Table 6) with respect to original calibration (Graham & Powell,460

1984; Ravna, 2000). The upper pressure limit is constrained by the reac-461

tion curve Ab=Jd+Qz for the Jd-bearing glaucophanites and by Pmp and462

Gl occurrence for Lws-bearing glaucophanites and metagabbros. The lower463

limit is defined for the Lws-bearing glaucophanites by the stability of Grt464

and Pmp, confining the P interval of D2 between 0.9 and 1.4 GPa (Fig. 11),465

in agreement with the estimates from independent barometers calculated for466

metagabbros and Jd-bearing glaucophanites (Table 6). Calculated intersec-467

tion points Grt, Ep, Amp, Qz and Gl, Grt, Ep, Qz and Grt, Pmp, Wm,468

Amp, Ep, Qz give ranges of P=1.3±0.3 GPa and T=450±50◦C (Fig. 11).469

D3 stage coincides with the re-equilibration of previous mineral assem-470

blages in the stability field of Chl, green Amp, Pl and Ep. Mineral assemblage471
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is indicative of a pressure below 0.9 GPa and a temperature below 380◦C,472

in agreement with the calculated curves Grt+Lws=Pmp+Chl+Qz+Ab and473

Pmp+Chl+Qz=Tr+Ep (Fig. 11). Coherently the AlIV content in Chl474

(Cathelineau, 1988) and the Fe-Mg exchange between Grt and Chl (Grambling,475

1990) give T of 295±15 and 320±60, respectively (Table 6).476

7. Discussion477

Integrated microstructural and petrologic investigations performed on478

metabasites from Rocca-Canavese Thrust Sheet allowed to infer different479

metamorphic conditions for metagabbros, Jd- and Lws-bearing glaucophan-480

ites (Fig. 12). Metagabbros and Jd-bearing glaucophanites record an early481

structural and metamorphic equilibration stage (D1a) at P=1.3-1.8 GPa and482

T=450-550◦C, under eclogite facies condition. Eclogite facies conditions have483

never been documented before in the RCT (Pognante, 1989a; Spalla &484

Zulbati, 2003) although an early HP mineral assemblage, developed during485

D1, has been described by Cantù et alii (2016). Differently, Lws-bearing486

glaucophanites experienced the first metamorphic stage (D1b) at lower tem-487

perature (<470◦C) and pressure (1.2-1.5 GPa), under Lws-blueschist-facies488

condition (Fig. 12). This stage represents the metamorphic peak docu-489

mented by Pognante (1989a) and Spalla & Zulbati (2003). D1a is490

followed by a T and P decrease during D2, whereas the D1b to D2 exhuma-491

tion path is characterised by a small T-increase. From D2 on, the RCT492

metabasites underwent a common metamorphic evolution, under a relatively493

depressed thermal state (<470◦C) at intermediate pressure conditions up to494

pumpellyite-actinolite-facies conditions (Fig. 12).495
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Therefore, metabasites of Rocca Canavese Thrust Sheet belong to two496

distinct tectono-metamorphic-units (TMUs) before D2, as indicated by the497

contrasted P-T-d-t paths resulting from structural and petrologic integrated498

analyses (Fig. 12). The first one is characterised by the exhumation of499

metagabbros and Jd-bearing glaucophanites from eclogite- to Ep-blueschist-500

facies conditions. Conversely, the second TMU (Lws-bearing glaucophanites)501

is characterised by an exhumation from Lws-blueschist- to Ep-blueschist-502

facies conditions. After syn-D2 coupling, the RCT metabasites belong to a503

single TMU until the final exhumation. S2 foliation, frequently mylonitic, is504

the most pervasive fabric in the RCT and affects metapelites, metagranitoids505

and glaucophanites, metagabbros and serpentinites. Even the mylonitic zone506

marking the tectonic contact between the RCT, the EMC and the LM started507

forming during D2.508

The metamorphic peak of metagabbro and Jd-bearing glaucophanites re-509

flects a P/T ratio comprised between that characterising a cold and a warm510

subduction zone (ca. 8◦C/km) while the peak of Lws-bearing glaucophanites511

reflects a P/T ratio compatible with a cold subduction (ca. 6◦C/km, Fig.512

12). The comparison of the inferred P-climax conditions recorded during513

D1a and D1b stages with the thermal state predicted by the 2D numeri-514

cal modelling of an ocean-continent subduction system (Roda et alii , 2010,515

2011), suggests that they are consistent with a slab dip comprised between516

30 and 45◦, for a convergence rate varying from 3 to 10 cm/yr. Physical con-517

ditions of syn-D2 metamorphic imprint developed under a similar thermal518

regime, indicating that TMUs coupling and beginning of exhumation oc-519

curred during oceanic subduction, before continental collision. In contrast,520
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syn-D3 inferred PT environment is sensibly higher, consistent with the ther-521

mal state of a continental collision. However, it must be emphasized that, as522

already evidenced by numerical models (e.g. Gerya & Stöckhert, 2005;523

Meda et alii , 2010; Roda et alii , 2010, 2012; Regorda et alii , 2017), dif-524

ferent thermal states recorded by different TMUs do not necessarily imply525

a variation in the subduction zone dynamics. Indeed, rocks subducted and526

exhumed in the same subduction system can record different thermal states527

as a function of their trajectories within the hydrated mantle wedge. Taking528

into account the PT or P-T-d-t evolutions inferred from LM and EMC rocks529

in areas close to the region here investigated (Rebay, 2003; Pelletier &530

Müntener, 2006; Rebay & Messiga, 2007), we deduce that the coupling531

between the different TMUs in the south Sesia-Lanzo Zone (RCT, EMC,532

LM) occurred during the earlier exhumation stages, under blueschist-facies533

metamorphic conditions consistent with those characterising D2 indicating534

a cold thermal state and, as already pointed out, suggesting a still active535

oceanic subduction.536

The RCT consists of a tectonic mixture of metagabbros, glaucophanites537

and metagranitoid blocks enclosed in sheared metapelites and serpentinites538

(Fig. 4). The blocks size range from m to km-scale and two different P-539

T-d-t paths characterise the evolution of metabasites up to D2, when they540

are coupled together with the other rocks of the mixing zone (Fig. 12).541

These structural and petrological characteristics agree with those described542

for other subduction-related tectonic mélanges (see for example the charac-543

ters describe for the Franciscan mélanges, Ernst, 2016). Moreover, other544

tectonic mixing in the Alps (e.g. Voltri Massif, Furgg zone, Arosa zone545
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and Adula-Cima Lunga nappe) have been interpreted as orogenic mélanges.546

Therefore, we propose that RCT can represent a tectonic mélange accreted547

during exhumation in the Alpine subduction channel.548

8. Conclusions549

The integrated use of structural and petrological analysis, validated at550

the regional scale by detailed structural mapping, made possible the recon-551

struction of the tectono-metamorphic evolution of metabasites from Rocca552

Canavese Thrust Sheet and the distinction of different early-Alpine (Upper553

Cretaceous?) TMUs. In metagabbros and Jd-bearing glaucophanites the554

first recorded D1a metamorphic stage was characterised by P=1.3-1.8 GPa555

and T=450-550◦C, under eclogite facies conditions, recognised for the first556

time in the RCT. Differently, the early inferred D1b metamorphic stage in557

Lws-bearing glaucophanites developed at T<470◦C and P of ca. 1.2-1.5 GPa,558

under Lws-blueschist-facies conditions.559

The two TMUs were coupled together during the early exhumation stages560

in the time of D2 deformation, under Ep-blueschist-facies conditions and co-561

herently shared the successive evolution, recorded under low-P greenschist-562

facies conditions, compatible with a collisional thermal state. The coupling563

between the two TMUs of the RCT, the EMC and the LM occurred un-564

der a cold thermal regime typical for an oceanic subduction, within a sub-565

duction channel. These features indicate that the mixing of mantle- and566

crust-derived rocks composing the RCT can be considered an example of567

subduction-related mélange accreted during exhumation in the Alpine sub-568

duction channel.569
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Rendiconti della Società Italiana di Mineralogia e Petrologia, 33, 389–407.690

Gosso G., Messiga B., Rebay G. & Spalla M.I. (2010) - The interplay691

between deformation and metamorphism during eclogitization of amphibo-692

lites in the Sesia-Lanzo zone of the Western Alps. International Geology693

Review, 51 (12), 1193–1219. doi:10.1080/00206810903529646.694

Gosso G., Rebay G., Roda M., Spalla M.I., Tarallo M., Zanoni D.695

& Zucali M. (2015) - Taking advantage of petrostructural heterogeneities696

in subduction- collisional orogens, and effect on the scale of analysis. Pe-697

riodico di Mineralogia, 84 (3B), 779–825. doi:10.2451/2015PM0452.698

Graham C.M. & Powell R. (1984) - A garnet?hornblende geothermome-699

ter: calibration, testing, and application to the Pelona Schist, South-700

ern California. Journal of Metamorphic Geology, 2 (1), 13–31. doi:701

10.1111/j.1525-1314.1984.tb00282.x.702

Grambling J.A. (1990) - Internally-consistent geothermometry and H2O703

barometry in metamorphic rocks: The example garnet-chlorite-quartz.704

Contributions to Mineralogy and Petrology, 105 (6), 617–628. doi:705

10.1007/BF00306528.706

Green T. & Hellman P. (1982) - Fe-Mg partitioning between coexist-707

ing garnet and phengite at high pressure, and comments on a garnet-708

phengite geothermometer. Lithos, 15 (4), 253–266. doi:10.1016/0024-709

4937(82)90017-2.710

32

Page 32 of 69

https://mc.manuscriptcentral.com/ijg

Italian Journal of Geosciences

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

Guarnieri L., Nakamura E., Piccardo G.B., Sakaguchi C.,711

Shimizu N., Vannucci R. & Zanetti A. (2012) - Petrology, Trace El-712

ement and Sr, Nd, Hf Isotope Geochemistry of the North Lanzo Peridotite713

Massif (Western Alps, Italy). Journal of Petrology, 53 (11), 2259–2306.714

doi:10.1093/petrology/egs049.715

Guillot S., Hattori K., Agard P., Schwartz S. & Vidal O. (2009)716

- Exhumation Processes in Oceanic and Continental Subduction Contexts:717

A Review. In: S. Lallemand & F. Funiciello (Eds.), Subduction718

Zone Dynamics, pp. 175–204. Springer-Verlag Berlin Heidelberg. doi:719

10.1007/978-3-540-87974-9.720
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Plümper O. & Nestola F. (2017) - Fossil intermediate-depth earth-871

quakes in subducting slabs linked to differential stress release. Nature Geo-872

science, 10 (12), 960–966. doi:10.1038/s41561-017-0010-7.873
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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).

Figure 2: Lithological map of Rocca Canavese Thrust Sheet (RCT) redrawn after Cantù

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.

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.

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-Pl site replaced

by Grt1 and Cpx2; LSP 0.86 mm. c) Interstitial ex-Pl sites between Cpx1 porphyroclasts

replaced by Pmp1+Chl1 and Wm1+Chl1; 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.

Figure 6: Microstructures in Jd-bearing glaucophanites. a) S1 foliation marked by elon-

gated Jd-rich domains alternating with Gln1 and Grt2-rich layers; LSP 3.30 mm. b)

Crossed polar image of Fig. 6a; LSP 3.30 mm. c) BSE image of squared area in Fig. 6c.

d) Jd1 partially replaced by Gln1; 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

Gln2+Wm1 and lithons hosting S1 foliation marked by Gnl1, 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 Gln1. d) S1 foliation marked

by Lws1 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-Pl

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 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.

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=blueschists; 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).
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Table 3: Representative analysis of main minerals of metagabbros. [a]: corona on Cpx1;

[b]: exolution in Cpx1; [c]: included in Pmp1.

Mineral Grt1 Grt2 Cpx1 Cpx2[a] Cpx2[b] Cpx2[c] Gln Amp1 Ep1 Wm1

SiO2 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

Al2O3 21.92 21.90 6.78 11.81 6.07 9.62 12.69 1.36 31.90 26.76

Cr2O3 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

Na2O 0.02 0.00 2.41 7.39 0.75 7.37 6.87 0.91 0.02 0.18

K2O 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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Table 4: Representative analysis of main minerals of Jd-bearing glaucophanites.

Mineral Jd1 Grt1 Grt2 Gln1 Wm1 Chl1

SiO2 59.34 37.27 37.13 55.89 51.88 26.05

TiO2 0.00 0.06 0.08 0.03 0.06 0.02

Al2O3 24.31 19.94 20.71 11.48 26.70 20.69

Cr2O3 0.00 0.00 0.01 0.01 0.00 0.10

FeO 1.57 22.03 37.33 20.02 2.02 27.38

MnO 0.03 8.94 1.19 0.00 0.02 0.25

MgO 0.05 0.30 0.28 3.58 3.41 14.46

CaO 0.37 9.43 5.12 0.21 0.06 0.01

Na2O 15.16 0.04 0.04 7.53 0.25 0.00

K2O 0.00 0.01 0.01 0.00 10.00 0.01

Sum 100.83 98.03 101.90 98.75 94.39 88.98

Ox 6.00 12.00 12.00 23.00 22.00 28.00

Si 1.99 3.05 2.98 7.95 6.94 5.46

Ti 0.00 0.00 0.00 0.00 0.01 0.00

Al 0.96 1.93 1.96 1.92 4.21 5.11

Cr 0.00 0.00 0.00 0.00 0.00 0.02

Fe2+ 0.00 1.51 2.50 2.38 0.23 4.80

Fe3+ 0.04 0.00 0.00 0.00 0.00 0.00

Mn 0.00 0.62 0.08 0.00 0.00 0.05

Mg 0.00 0.04 0.03 0.76 0.68 4.52

Ca 0.01 0.83 0.44 0.03 0.01 0.00

Na 0.99 0.01 0.01 2.08 0.06 0.00

K 0.00 0.00 0.00 0.00 1.71 0.00

Sum 4.00 7.98 8.03 15.12 13.84 19.97
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Table 5: Representative analysis of main minerals of Lws-bearing glaucophanites.

Mineral Gln1 Gln2 Amp1 Grt1 Grt2 Lws Wm1 Wm2 Ttn

SiO2 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

Al2O3 11.87 11.41 1.28 21.84 21.37 31.46 23.03 29.15 3.66

Cr2O3 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

Na2O 7.66 7.57 0.73 0.00 0.00 0.01 0.07 0.31 0.04

K2O 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+ 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 Cantù 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-Pl site replaced by Grt1 and Cpx2; LSP 0.86 mm. c) 

Interstitial ex-Pl sites between Cpx1 porphyroclasts replaced by Pmp1+Chl1 and Wm1+Chl1; 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 Gln1 and Grt2-rich layers; LSP 3.30 mm. b) Crossed polar image of Fig. 6a; LSP 3.30 mm. 
c) BSE image of squared area in Fig. 6c. d) Jd1 partially replaced by Gln1; 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.  
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Figure 7: Microstructures in Lws-bearing glaucophanites. a) S2 films marked by Gln2+Wm1 and lithons 
hosting S1 foliation marked by Gnl1, 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 
Gln1. d) S1 foliation marked by Lws1 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-Pl 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): 

GS=greenschist; Ep-A=epidote-bearing amphi- bolite; BS=blueschists; 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).  
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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)”

Contents of this file

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.

Mineral M0 D1a D2 D3

Cpx Na=0.00-0.17 Na=0.04-0.60

Ca=0.80-0.95 Ca=0.07-0.96

Fe3+=0.00-0.21 Fe3+=0.00-0.24

Altot=0.21-0.35 Altot=0.04-0.56

Amp NaB=0.66-1.90 NaB=0.00-1.53

AlC=0.44-3.05 AlC=0.00-1.91

CaB=0.08-1.17 CaB=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 Si=6.06-6.45

Ti=0.01-0.06

Altot=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 Altot=2.29-3.04

Fe3+=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
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Table 2: Details on compositional variations in minerals marking different metamorphic

stages of Jd-bearing glaucophanites.

Mineral D1a D2 D3

Cpx Na=0.86-1.05

Ca=0.00-0.05

Fe3+=0.00-0.26

Altot=0.71-0.96

Amp NaB=1.65-1.97

AlC=1.59-1.94

CaB=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

Altot=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 Altot=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
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Table 3: Details on compositional variations in minerals marking different metamorphic

stages of Lws-bearing glaucophanites.

Mineral D1b D2 D3

Amp NaB=1.54-1.98

AlC=1.81-1.99

CaB=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 Si=6.75-6.86

Ti=0.00-0.03 Ti=0.01-0.01

Altot=3.62-4.68 Altot=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

Fetot=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 Altot=2.18-2.32

Fe3+=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
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