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smooth and parallel cleavage domain, it strikes NW-SE 
and steeply-dips toward the NE. A mineral lineation is 
present and plunges at low-angle toward the NW. 
The biotite + white mica mineral assemblage (Fig. 
12b) on the mylonitic foliation indicates an initial ac-
tivation of the shear zone under amphibolite facies 
metamorphic conditions (Carosi et al., 2016a; Carosi et 
al., 2016b; Simonetti et al., 2017). The absence of silli-
manite on the shear planes is indicative of minor tem-
perature of deformation with respect to the mylonitic 
gneiss and protomylonites cropping out at the margin 
of the shear zone.
Both at the outcrop-scale and in thin section it is pos-
sibile to recognize kinematic indicators showing a top-
to-the SW sense of shear (Fig. 12c,d).
Kinematic vorticity analysis highlighted a general 
flow with a dominant component of pure shear and 
a subordinate component of simple shear (Fig. 8a,b) 

in agreement with the data collected in the other type 
of mylonites. The component of simple shear is high-
er with respect to the other mylonites of the FMSZ 
(Carosi et al., 2016b). θ angle are indicative of a trans-
pressive deformation (Fig. 9) (Simonetti et al., 2017).
U-Th-Pb datings on syn-kinematic monazites con-
strain the age of shearing at ~320 Ma (Simonetti, 2015; 
Simonetti et al., 2017), about 20 Ma younger with re-
spect to the deformation recorded by the protomylo-
nites (Stop 2).

Stop 6. Ultramylonites of the Ferriere-Mollières 
shear zone (Coord. 44°19’0.48”N;  6°59’46.54”E)
In the last stop of the field trip we can observe the 
most sheared rocks of the FMSZ that crop out along 
the crest of the Costabella del Piz (Fig. 5) at an altitude 
of 2400 m (Fig. 13a). 
They are ultramylonites with an amount of matrix 

Fig. 12 - A) medium grained dark-green mylonitic schist of the FMSZ; B) appearance of the mylonites in thin section, quartz, K-feldspar and 
plagioclase porphyroclasts in a fine grained biotite and white mica matrix are recognizable (parallel nicols); C) S-C’ fabric at the outcrop-scale 
pointing to a top-to-the SW sense of shear; D) foliation fish indicative of top-to-the SW sense of shear (crossed nicols).
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over 90%. Foliation is a continuous cleavage (Fig. 13b) 
striking NW-SE and steeply dipping toward the NW. 
The attitude of the foliation is concordant with the 
mylonitic foliation in the FMSZ. Foliation is marked 
by white mica and chlorite (Fig. 11b). This mineral 
assemblage is indicative of a greenschist facies meta-
morphism. In agreement with the metamorphic condi-
tions, quartz is mainly deformed by subgrain rotation 
recrystallization mechanism (Fig. 13c,d) (Piazolo & 
Passchier, 2002; Stipp et al., 2002; Passchier & Trouw, 
2005) and the few feldspar porphyroclasts are frac-
tured (Carosi et al., 2016b; Carosi et al., 2016a). 
Kinematic indicators point to a dextral top-to-the SW 
sense of shear (Fig. 13d).
Flow analysis in the ultramylonites (Fig. 8b) highlight-
ed a general shear with a prevalent component of sim-
ple shear (Carosi et al., 2016b). θ angles are indicative 
of a simple shear-dominated transpression (Fig. 9).

Discussion

Recent detailed structural-geological mapping com-
bined with detailed structural and petrographical 
analysis (Simonetti, 2015; Carosi et al., 2016a) allowed 
the identification and mapping of different types of 
mylonites within the FMSZ and revealed the presence 
of greenschist-facies Alpine shear zones cross-cutting 
variscan foliations.
Kinematic vorticity analysis carried out by Simonetti 
(2015), Carosi et al. (2016b) and Simonetti et al. (2017) 
highlighted a deformation regime compatible with an 
heterogeneous transpressional setting with variation in 
the percentage of pure shear and simple shear (Fossen 
et al., 1994). In addition the attitude of the mylonitic 
foliation is sub-vertical along the ~20 km length of the 
shear zone, in agreement with a transpressive setting 
(Fossen et al., 2004). 
In the case of transtensional deformation as suggested 

Fig. 13 - A) ultramylonites along the crest of the Costabella del Piz; B) continuous cleavage marked by white mica and chlorite; C) quartz 
deformed by subgrain rotation recrystallization; D) stretched quartz domain deformed by subgrain rotation and recrystallization showing an 
oblique foliation (marked in red) pointing to a top-to-the SW sense of shear.
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by Musumeci & Colombo (2002) the attitude of mylo-
nitic foliation is expected to be sub-horizontal due to 
the main sub-vertical shortening direction (Fossen et 
al., 1994).
The presence of medium to high-grade metamorphic 
mylonites associated with lower-grade ones, localized 
in the central part of the FMSZ, the strong deforma-
tion gradient, the difference in the deformation regime 
and the different age of deformation allow us to inter-
pret the FMSZ as a strain softening type-II shear zone 
(Fossen, 2010). In this kind of shear zones deformation 
progressively concentrates in the central part because 
of strain softening (due to the presence of channeled 
fluids, metamorphic reactions and grain size reduc-
tion) living the external parts of the structure inactive 
(Fig. 14a). 
Differently from what has been proposed by Sanchez 
et al. (2011), the FMSZ is a still preserved Variscan 
transpressive shear zone. FMSZ is also a good example 
of strain softening regional-scale shear zone (Carosi et 
al., 2016b; Simonetti et al., 2017) which evolves during 
decreasing temperature conditions: in the external 
parts of the FMSZ features acquired during the early 

stage of shear deformation are preserved while the in-
ternal part records features of the final stage of activity 
of the shear zone (Fig. 14b).
Data obteined in the FMSZ also contribute to reinforce 
the model proposed by Rollet et al. (2002), Rosenbaum 
et al. (2002) and Advokaat et al. (2014) where the Cor-
sica-Sardinia Block is connected to southern France 
and it is in continuity with Western Alps as all these 
fragments of the Variscan Belt show similarities from 
both the lithological and the structural point of view 
(Carosi & Palmeri, 2002; Corsini & Rolland, 2009; 
Carosi et al., 2012; Simonetti et al., 2017).

Conclusive Remarks

In this field trip we presented key outcrops where the 
different types of mylonites within the FMSZ and the 
main features of the shear zone can be observed. Sum-
ming, these observations suggest that:
•	 Alpine greenschist-facies deformation is localized 

in ductile top-to-the SSE shear zones that cross-cut 
variscan structural elements;

Fig. 14 - A) growth of a type II shear zone: graphs show the relationship between the total thickness and the active thickness during time and 
the amount of strain within the shear zone. With time the deformation is concentrated in the central part of the shear zone and the margins 
become inactive. Because of this the active thickness progressively decrease while the total thickness remains constant; B) Evolution of the 
Ferriere-Molliéres Shear Zone according to a type II growth-model and relationship between deformation gradient and age of the shear (Carosi 
et al., 2016b). The two photographs show the aspect of protomylonites ad mylonites at the outcrop scale. It is possible to note the larger grain 
size and the presence of sheared leucosomes in the protomylonites whereas mylonites are subjected to a strong grain size reduction and a larger 
amount of matrix is present.
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•	 A deformation gradient is recognizable from the 
marginal part of the FMSZ shear zone toward the 
central part. Along this gradient a transition from 
protomylonites to mylonites and ultramylonites is 
detectable;

•	 Foliation and mineral lineation of the FMSZ, in the 
different type of mylonites, always show a constant 
trend of orientation. Axial plane of the folds in the 
GSV complex and Tinèe complex is sub-parallel to 
the mylonitic foliation;

•	 Deformation develops during retrograde met-
amorphic conditions from high-temperature 
amphibolite-facies to greenschist-facies. Defor-
mation temperature within the FMSZ decreases 
along the deformation gradient. In particular the 
protomylonites are characterized by the presence 
of syn-kinematic sillimanite along C and C’ planes 
that are indicative of a high temperature of de-
formation (HT amphibolite-facies conditions). In 
the mylonites the growth of syn-kinematic white 
mica and biotite is indicative of a lower tempera-
ture of deformation (LT amphibolite-facies con-
ditions). These observations are also supported 
by the variation of the deformation mechanisms 
of quartz;

•	 Along the deformation gradient of the FMSZ 
a variation in the deformation regime from a 
pure shear-dominated transpression to a simple 
shear-dominated transpression can be observed;

•	 The age of the shear deformation is progressively 
younger along the deformation gradient. The 
FMSZ shows a nearly 20 Ma long lasting deforma-
tion history.
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