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ABSTRACT

Flow kinematics estimations are necessary to determine how the deformation
is partitioned in shear zones at different scales. Combining different scales of
structural analysis with quantitative vorticity constraint allows a more rigorous
examination of the kinematics of deformation. The Posada-Asinara shear zone
(PASZ) in northern Sardinia (ltaly) is a crustal-scale km-thick transpressive shear
zone, separating the High- from the Medium-Grade Metamorphic Complex. After
microstructural analysis, the vorticity of the flow was estimated to investigate
the southernmost boundary of the PASZ, highlighting a dominant pure shear
component far from the core of the shear zone. These results have been
integrated with existing data to derive a regional-scale flow kinematic map of the
Baronie region, highlighting the potentiality of automated geostatistical mapping
to become a powerful complementary tool in the investigation of flow kinematics
in collisional environments.

KEY-WORDS: Variscan belt, transpression, vorticity, mylonite, strain
partitioning.

INTRODUCTION

Understanding how the lithosphere accommodates continental
collision at plate boundaries remains an important issue in
tectonics for both recent and old orogenic belts (e.g., Conand et
al., 2020; Torvela & Kurhila, 2020). In an oblique collisional setting,
deformation can be partitioned by combining lateral horizontal
flow (i.e., escape), thrusting along the direction of shortening
(Cagnard et al., 2006; Chardon et al., 2009; Bajolet et al., 2015) or
coeval development of thrust, strike-slip, and mixed zones through
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orogens (Teyssier & Whitney, 2002; lacopini et al., 2008; Nabavi et
al., 2017, 2020). All tectonic regimes are significantly enhanced
in the context of orocline formation (Bajolet et al., 2013; Johnston
et al., 2013; Kryza et al., 2019; Parui et al., 2022). Transpression,
involving both strike-slip and contractional deformation, has been
conceptually introduced to explain structures within oblique
convergent plate boundaries during the collision (e.g., Harland,
1971; Sanderson & Marchini, 1984; Tikoff & Fossen, 1993;
Teyssier et al., 1995; Sullivan & Law, 2007; Sarkarinejad & Azizi,
2008), playing a relevant role during the exhumation of high-
grade metamorphic rocks (Dewey et al., 1998; Jones et al., 2004,
Dasgupta et al., 2015).

Field-based studies are still necessary when exploring any type
of shear zones (e.g., Montomoli et al., 2013; Carosi et al., 2016;
Caso et al., 2021; Oberto & Petroccia, 2021; Ortolano et al., 2022;
Petroccia et al., 2022b), but a quantitative assessment of the flow
kinematic is required (e.g., Simpson & De Paor, 1993; Xypolias,
2010). In fact, contrary to the first proposed models, where the
deformation in shear zones has been related only to simple shear,
it is now widely accepted that high-strain zones evolve through the
combination of simple and pure shear components (see Xypolias,
2010 and Fossen & Cavalcante, 2017 for a review). Also, different
amounts of pure and simple shear relative to the structural distance
from the shear zone are often recognizable (Fossen & Cavalcante,
2017; Nania et al., 2022; Petroccia et al., 2022a). Therefore, the
quantitative estimation of flow kinematics in sheared rocks is
necessary for investigating the nature and spatial distribution of the
deformation within shear zones (e.g., Law et al., 2004; Carosi et al.,
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2006; Xypolias & Kokkalas, 2006; Forte & Bailey, 2007; Thigpen
et al., 2010; Ring et al., 2015; Nabavi et al., 2017; Montemagni
et al., 2020; Ortolano et al., 2020; Simonetti et al., 2021; Ghosh &
Bhattacharyya, 2022; Montemagni & Zanchetta, 2022).

The degree of non-coaxial deformation and the partitioning
between pure and simple shear can be constrained by determining
the kinematic vorticity parameter (W,; Xypolias, 2010). Although
contour maps are widely used in Earth Sciences to show the
variation of quantities over the surface (Groshong, 2006), relatively
few attempts have been made to exploit the potential usefulness of
these maps in flow kinematic analysis (e.g., Sarkarinejad & Heibati,
2017). A graphical representation of the flow kinematic distribution
at the map scale could be a helpful tool for investigating the W,
spatial variation of shear zones, identifying zones affected by
different amounts of simple and pure shear.

The evolution of the Variscan chain in Europe is characterized
by the development of crustal-scale strike-slip shear zones during
the Late Carboniferous (Arthaud & Matte, 1977; Matte, 2001;
Carreras & Druguet, 2014; Franke et al., 2017; Cochelin et al.,
2021; Faure & Ferriere, 2022). In particular, the southern European
Variscan belt was widely affected by the development of a network
of crustal-scale dextral transpressive shear zones called the East
Variscan Shear Zone (EVSZ; Corsini & Rolland, 2009; Carosi et al.,
2012; Padovano et al., 2012, 2014; Simonetti, 2021). Its activity is
now well-constrained in different parts of its branches and is related
to Carboniferous transpression (see Carosi et al., 2022 for a review).
Various multidisciplinary studies have provided detailed structural,
kinematic, and petrochronological investigations in different
portions of the Variscan belt affected by the EVSZ, i.e., the Aiguilles-
Rouges, Aar-Gotthard Massif and Mont-Blanc Massif (Von Raumer &
Bussy, 2004; Simonetti et al., 2020a; Buhler et al., 2022; Vanardois
et al., 2022), the Belledonne-Pelvoux Massifs (Freville et al., 2022),
the Argentera Massif (Simonetti et al., 2018, 2021), the Maures-
Tanneron Massif (Schneider et al., 2014; Simonetti et al., 2020b;
Simonetti, 2022), and Corsica-Sardinia block (Carosi & Oggiano,
2002; Carosi & Palmeri, 2002; Giacomini et al., 2008; Faure et al.,
2014; Carosi et al., 2020). All these transpressional shear zones are
characterized by a significant amount of pure shear acting alongside
simple shear, confirming their important role during the exhumation
of the internal zones from the early stages of transpression until
later gravitational collapse. Thus, the Variscan chain in Sardinia
represents an excellent example where it is possible to explore
the tectonic mechanisms affecting the crust during the evolution
from perpendicular collision to orogen-parallel transpression in the
context of an oblique collision (Carosi & Palmeri, 2002).

In this work, a sector of the Posada-Asinara shear zone (PASZ;
Carosi & Palmeri, 2002) located in the NE Sardinia (Baronie region)
has been investigated (Fig. 1). Although multidisciplinary studies
are already available (Carosi et al., 2020 and reference therein),
no kinematic constraints about the most external boundary of the
PASZ are present. This paper aims to fill the gap concerning the
lack of kinematic data in the southernmost sector of the PASZ. An
updated complete regional-scale kinematic vorticity distribution
map of the PASZ in the Baronie region (NE Sardinia) has been
provided by combining the newly collected data with the existing
dataset.

GEOLOGICAL SETTING

The shape of the Variscan belt in Europe results from a Devonian-
Carboniferous continent-continent collision between Laurentia-
Baltica and Gondwana (Matte, 1986, 2001). The metamorphic
basement of the Sardinia island represents a fragment of the southern
European Variscan belt and, due to the lack of the Alpine overprint,
it represents a good locality to investigate the Paleozoic tectono-
metamorphic evolution (Carmignani et al., 1994; see Cruciani et al.,
2015 foracritical review). The Sardinian Variscan belt is characterized
by a northward increase in metamorphic grade from the External
Zone or the foreland (SW) to the Inner Zone or the hinterland (NE).

The Nappe Zone in Sardinia (i.e., the hinterland-foreland
transition zone) has been divided into External (central to southern
Sardinia) and Internal (northern to central Sardinia) Nappe Zone
(Carmignani et al., 1994; Carosi & Pertusati, 1990; Conti et al., 1999,
2001; Casini & Oggiano, 2008; Casini et al., 2010; Cocco et al., 2018,
2022; Montomoli et al., 2018; Petroccia et al., 2022a, b, c). The
boundary between them is marked by a regional-scale, top-to-the
S-SW thrust-sense ductile to brittle shear zone, the Barbagia Thrust
(BT; Carosi & Malfatti, 1995; Conti et al., 1998; Montomoli et al.,
2018; Petrocciaetal., 2022a, b). The Internal Nappe Zone comprises:
(i) the Low-Grade Metamorphic Complex (LGMC; Barbagia, Goceano,
and southern Nurra units; Carmignani et al., 1994; Montomoli,
2003; Casini & Oggiano, 2008), which reached greenschist-facies
metamorphic conditions, and (i) the Medium-Grade Metamorphic
Complex (MGMC; Baronie, Anglona, and northern Nurra units;
Carmignani et al., 1994, 2001) which reached amphibolite-facies
conditions (Cruciani et al., 2015, 2022). The Axial or Inner zone,
located in the northernmost sector of the Sardinia island, belongs
to the High-Grade Metamorphic Complex (HGMC), mainly made by
high-pressure (HP) migmatite, migmatized orthogneiss, calc-silicate
nodule, and metabasite lense preserving eclogite and granulite-
facies relics (Franceschelli et al., 2005; Massonne et al., 2013;
Casini et al., 2023). The boundary zone between the L-MGMC and
the HGMC is marked by the Posada-Asinara shear zone (PASZ; Elter
et al., 1990; Fig. 1a), a 150 km long and 10—15 km wide dextral
transpressive Late-Variscan shear zone (Carosi & Palmeri, 2002;
Carosi et al., 2005, 2009, 2012; Frassi et al., 2009), recognizable
along the Posada Valley and within the northern sector of the Asinara
island (Carosi et al., 2004; lacopini et al., 2008). The PASZ developed
under decreasing temperature conditions, from ampbhibolite- to
greenschist-facies (Graziani et al., 2020; Cruciani et al., 2022). The
amphibolite-facies is confirmed by the syn-kinematic sillimanite +
biotite or biotite + white mica parallel to the mylonitic foliation (Carosi
et al., 2020). This also agrees with the occurrence of grain boundary
migration (GBM) as the main dynamic recrystallization mechanism of
quartz, indicative of temperatures higher than ~500 °C (Law, 2014).
The presence of chlorite highlights a decrease in the metamorphic
conditions, supported by incipient sub-grain rotation recrystallization
(SGR) overprinting GBM in quartz (Graziani et al., 2020). The PASZ
displays a strong deformation gradient and strain partitioning, with an
increase of both simple shear component and strain intensity along
the deformation gradient (i.e., toward the N; Carosi et al., 2020). In-
situ Ar-Ar dating of white mica (Di Vincenzo et al., 2004) and U—(Th)—
Pb dating of monazite (Carosi et al., 2012, 2020; Cruciani et al., 2022)

29



A. PETROCCIA

-y AT
: A“i‘r pi | Mut p7
LEGEND

. Quaternary cover (a) and
Pleistocene landslide (b)

I:l Mesozoic limestone

Bitti Intrusive Complex and
associated volcanic rocks and Lula Schist Collected samples
dykes (a) Cambrian?-Carboniferous? LU29

Upper Carboniferous-Permian

@

LEGEND

Post-Variscan cover

- Variscan granitoid

VARISCAN BASEMENT

Inner Zone
(High-Grade Metamorphic Complex)

Internal Nappe Zone
(Medium-Grade Metamorphic Complex)

Internal Nappe Zone
(Low-Grade Metamorphic Complex)

Investigated area

/V Lithological contact

/V Fault

for kinematic
analysis

Fig. 1 - a) tectonic sketch map of northern Sardinia showing the main geological zones (modified after Carosi et al., 2020); b) simplified
geological map of the studied area with the location of the analyzed samples (red stars).

constrained the age of the transpressional shear activity in a time
span of 25 Ma, from 325 to 300 Ma.

A metamorphic zonation from the garnet to the sillimanite +
white mica zone characterizes the Paleozoic metasedimentary
sequence of the Baronie region (Franceschelli et al., 1982, 1989).
The garnet zone is further subdivided into garnet + albite and
garnet + oligoclase sub-zones. The investigated area in NE Sardinia
(Baronie region) includes the southernmost sector deformed by
the PASZ shearing, and it is located at the boundary between the
L- and the MGMC (Fig. 1a), where the garnet + albite and garnet +
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oligoclase-bearing micaschist and paragneiss enclosed in the Lula
Schist (Fig. 1b) crop out.

METHODOLOGY

A numerical progression, following Carosi et al. (2020), has
been used to describe deformation phases and structural elements
(e.g., S, S,). Microstructural analyses were performed on field-
oriented samples, cut perpendicular to the main foliation and
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parallel to the object lineation (approximating the XZ section of the
finite strain ellipsoid). Foliations have been classified according
to Passchier & Trouw (2005). Quartz dynamic recrystallization
microstructures are defined according to Stipp et al. (2002) and
Law (2014). Mineral abbreviations are after Warr (2021).

Kinematics of the flow

Pure and simple shear components could be described
through the dimensionless mean kinematic vorticity parameter
(W, ). Since its introduction into the geological literature, vorticity
analysis methodologies have become increasingly sophisticated
(e.g., Tikoff & Fossen, 1995; Jessup et al., 2007; Xypolias, 2010;
Fossen, 2016). The non-coaxial deformation can be normalized
to the stretching along the strain axes to obtain a dimensionless
number, i.e., the kinematic vorticity parameter. It could be derived
through the relation proposed by Passchier (1987):

W, = W/d2 - d3|

where W represents the vorticity and d2—d3 represents the
stretching difference along the intermediate and minimum principal
strain axes. The mean kinematic vorticity number (W_) could be
assumed to be equal to W, because it represents the average value
over the deformation interval during which the structure or fabric
developed (Xypolias, 2010; Fossen & Cavalcante, 2017). Pure and
simple shear is associated with W, = 0 and W, = 1, respectively.
Simple and pure shear contribute equally during the deformation
when W, = 0.71 (Law et al., 2004; Passchier & Trouw, 2005;
Xypolias, 2010). The absolute error of vorticity results is +0.1 (Tikoff
& Fossen, 1995). However, comparing different possible systematic

error sources highlights a more realistic minimum systematic error
of £0.2 (lacopini et al., 2011).

In any type of flow, it is possible to recognize two planes
representing the flow apophyses (A, and A,), along which the
particles do not undergo rotation. They are orthogonal in a pure shear
dominated deformation and coincide with each other during a simple
shear flow. The applied C’ shear band method (Kurz & Northrup,
2008) is based on the measurement of the orientation of C’ planes
with respect to the shear zone boundaries. This approach is based
on the assumption that the C’ planes nucleated as a bisector of the
angle between the two apophyses and the C planes are parallel to
the shear zones boundaries and the A, apophyses, respectively. The
vorticity number can be derived through the relation:

W, =cos2v

where 2v represents the angle between the two flow apophyses
(see Kurz & Northrup, 2008; Gillam et al., 2013 for methodological
details; Fig. 2a). Due to the progressive rotation of the structural
elements during the flow, including C’ planes, it is necessary to
consider the maximum v values, among those measured, as the
closest approximation of the initial nucleation angle of the C’ plane.
Kurz & Northrup (2008) demonstrated that the average value of
the measured v angles is not representative of the original angle
of nucleation of C’ planes. Examples of polar histograms used to
derive the angle v are provided in Fig. 2b.

To establish the type of deformation, i.e., the deformation
regime, the angle 6 between the maximum Instantaneous
Stretching Axis (ISA max) in the horizontal plane and the shear
zone boundary has been calculated. This parameter is fundamental

Fig. 2 - a) schematic diagram of microstructures developed under general flow conditions in a mylonite with a dextral sense of shear is displayed. The
equation to calculate the Wy parameter is also shown (modified after Kurz & Northrup, 2008). In the right part, a thin section photo showing the observed
and investigated mylonitic fabric is provided; b) examples of the polar histograms used for the C’ shear band method.
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for distinguishing between transpression and transtension (Fossen
& Tikoff, 1993; Fossen et al., 1994). The calculation was performed
using the formula proposed by Xypolias (2010):

6 = (arcsinW,)/2

According to Fossen et al. (1994) 6 angles larger than 45° are
indicative of transtensive deformation, while 6 angles smaller than
45° are indicative of transpressional deformation.

Contour map

Different types of interpolations, based on deterministic or
stochastic mathematical models, exist. Deterministic interpolation
(e.g., IDW, Natural Neighbour; Boissonnat & Gazais, 2002) assigns a
value based on the neighbouring measured parameters and deals with
systematic and univocal value distributions as opposed to randomones.
Stochastic interpolators (e.g., Kriging) depend on the computation of a
probability model, which is a mathematical representation of a random
phenomenon. For geological data interpolation, is often difficult to
acquire large amounts of homogeneously distributed data according
to a regular sampling grid. It is important to note that the level of
statistical reliability depends on the neighbourhood distribution and
the density of the georeferenced samples.

Integrating these results with the existing vorticity data in this
sector of the PASZ taken with the same C’ shear band vorticity
method (Carosi et al., 2020), a regional-scale W -distribution map
of the Baronie area has been derived. The contouring procedure
has been developed using IG-Mapper (Fiannacca et al., 2017), an
ArcGIS toolbox in the ArcMap 10.8 environment that comprises
sixteen tools. This procedure is based on ordinary Kriging as a
stochastic interpolation method.

MICROSTRUCTURES OF THE PASZ

The D, structures overprint pervasively the plagioclase + garnet-
bearing micaschist and paragneiss (see the geological maps in
Fig. 1b). A variation in structural style moving northward across the
deformation gradient occurs. The intensity of deformation increases
toward the PASZ, as does the foliation becomes progressive
mylonitic. Sheared metasedimentary rocks are characterized by a
northward transition from a well-developed discrete, smooth and
spaced foliation with zonal cleavage domains up to a continuous
cleavage. In many samples, a penetrative continuous mylonitic

foliation is found. It is worth noting that the frequency of the
occurrence of the D, structures decreases approaching the PASZ,
due to the D, overprinting and transposition.

The main foliation (S,) is defined by the preferred orientation of
mm-thick levels of white mica, biotite and minor chlorite alternated
with quartz-rich layers. The S, foliation wraps around albite/oligoclase
(Fig. 3a) and garnet porphyroclasts. A sporadic internal foliation (S)),
made of orientated quartz, white mica, ilmenite, rutile and graphite,
varying from discordant to concordant with the external one, is
recognizable (Fig. 3a, b). This suggests that plagioclase and garnet
could be inter- to early syn-tectonic (syn-S,) minerals with respect
to the S, (i.e., between the D, and D, phases and during the early D,
phase). Rarely, in the southernmost investigated samples, S, foliation
can be identified in the hinge zone of the micro-scale F, folds or
microlithons (Fig. 3c). Quartz in mylonite displays undulose extinction
and tilt walls. Quartz lobate and ameboid grain boundaries, window
and pinning structures (Fig. 3d) suggest dynamic recrystallization
by GBM, indicative of T > 500 °C (Law, 2014). In some samples,
quartz shows new grains of smaller size surrounding larger crystals
forming a “core and mantle structure”, with weakly bimodal grain
size, indicating an overprinting of SGR on GBM. Kinematic indicators
pointing to a top-to-the NW sense of shear, such as C’-C-S fabric
(Fig. 3e), o- and &-type porphyroclasts (Fig. 3f), asymmetric strain
fringes around porphyroclasts (Fig. 3g) and mica-fish, are present.
Although chlorite generally overgrows both garnet and biotite, it is
also recognizable parallel to both the main foliation and C’ plane
or defining the asymmetric strain fringes around porphyroclasts
(Fig. 3g). This highlights that the PASZ activity also continued
under greenschist-facies conditions. Late F, kink folds affecting all
previous structural elements with no syn-metamorphic blastesis are
recognizable (Fig. 3h).

FLOW KINEMATICS ESTIMATIONS

A total of seven samples (see Fig. 1b for sample location),
including garnet- and plagioclase-bearing micaschists and
paragneiss from the southern sector of the PASZ, were analyzed
(Fig. 1b). Vorticity analyses were performed on sections parallel to
the object lineation and perpendicular to the mylonitic foliation (XZ
plane of the finite strain ellipsoid; Fig. 2a). Results of the kinematic
vorticity analysis with C’ shear band method and calculated 6 angle
are reported in Table 1.

Table 1 - Summary Table of the vorticity data obtained with the C’ shear band method: number of data (N), the angle between C’ planes
and the shear zone boundary (v), vorticity value (W,), angles between the maximum ISA in the horizontal plane and the shear zone

boundary (6).

SAMPLE NAME N v ANGLE (°) 2v ANGLE (°) Wi 0 ANGLE (°)
AP19-2 41 34 68 0.37 11
AP19-3 32 33 66 0.41 12

LU22 28 33 66 0.41 12
LU25 32 32 64 0.44 13
AP_2018_8 12 33 66 0.41 12
AP_2018_16 10 31 62 0.47 14
AP_2018_3 18 31 62 0.47 14
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Fig. 3 - a) plagioclase porphyroclast showing an internal foliation S; (blue line), wrapped by the main foliation S, (pink line)
(XPL; crossed-polarized light); b) white mica and biotite defining the S, and the internal foliation of a syn-D, plagioclase
porphyroblasts (XPL); c) S, spaced crenulation cleavage (PPL; plane-polarized light); d) dynamically recrystallized quartz
in plagioclase-bearing micaschist showing lobate and irregular grain boundaries indicative of GBM (XPL); e, f, g) different
kinematic indicators (C’-C-S fabric and asymmetric porphyroclast or strain fringes) linked to the PASZ activity showing a
top-to-the NW sense of shear; h) F; micro-folds affecting the S, foliation (XPL).

29



A. PETROCCIA

Vorticity values range between 0.47 and 0.37 (Fig. 4a), with Integrating these results with the existing flow kinematics data
a mean of 0.43 and a mode of 0.41. The obtained vorticity values  in this sector of the PASZ (Petroccia, 2018; Carosi et al., 2020),
indicate that this sector of the PASZ experienced general shear  a regional-scale W,-distribution map of the Baronie area has been
(Forte & Bailey, 2007) during deformation, which involved 75-  gerived (Fig. 5).
68% pure shear and 25-32% simple shear components (Fig. 4b).
These results indicate a flow regime characterized by an important
contribution of pure shear. Calculated 6 angles between the [EFORMATION REGIME MAP AND FINAL REMARKS
maximum Instantaneous Stretching Axis (ISA max) in the horizontal
plane and the shear zone boundary vary between 11-14°. These The PASZ is an orogen-parallel transpressional shear zone
values indicate a pure shear dominated transpression deformation  that drove the exhumation of the Sardinian HGMC. The evidence of
(Fig. 4c). D, structures is represented by S, relict foliation in the hinge of F,
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Fig. 4 - a) Relation between the kinematic vorticity number Wy and the percent of simple shear. Pure shear, general shear and simple shear dominated
deformation regimes are marked (modified after Forte & Bailey, 2007); b) Relationship between kinematic vorticity number W, and the percentage of
pure shear (PS) and simple shear (SS) (modified after Law et al., 2004). The obtained range is indicated; c) relationship between the orientation of the
maximum instantaneous stretching axis (ISA max) with respect to the shear zone boundary (angle 8) versus the Wy number (modified after Fossen &
Tikoff, 1993). Samples fall in the field of pure shear dominated transpression.
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Kinematic value distribution map

n=44
Undifferentiated
late-to-post Variscan rocks

Max =0.74

Baronie

Min=0.37

Fig. 5 - W, contour map of the Baronie region (the contoured area has been highlighted with a yellow square in the northern Sardinia island representation.
The position of both the samples investigated in this work and those used by Petroccia (2018) and Carosi et al. (2020) has been displayed with yellow dots.

micro-folds, in microlithons or as an internal foliation in garnet and
plagioclase minerals. Although garnet and plagioclase mainly grew
between the collisional (D) and the transpressional (D,) event,
part of the growth is syn-kinematic with the D, shearing. Kinematic
indicators point to a top-to-the NW sense of shear, in agreement
with Carosi & Palmeri (2002). The PASZ activity is confirmed
to be related to the D, phase (Carosi et al., 2020), and the syn-
kinematic mineral assemblage (biotite + white mica) parallel to
the S, mylonitic foliation, coupled with the occurrence of GBM (T
> 500 °C; Law, 2014) is indicative of amphibolite-facies conditions.
However, the syn-kinematic growth of chlorite, both in strain
shadows and along the C’ planes, is consistent with a metamorphic
retrogression towards greenschist-facies during the evolution of the
late D, phase (Graziani et al., 2020). Furthermore, local incipient
SGR, overprinting GBM in quartz, has been recognized, supporting
a decrease in the temperature down to the greenschist-facies
condition, as also noted by Graziani et al. (2020). In the L-MGMC,
our data agree that the shearing event started to be active close to
the metamorphic ‘peak’, under amphibolite-facies conditions (D,),
and lasted up to greenschist-facies conditions during the late D,
event (Graziani et al., 2020). The transpressive tectonics related

to the PASZ continued during the D, phase under even shallower
crustal conditions (Carosi et al., 2020; Graziani et al., 2020).

The kinematic of the flow allowed us to characterize the
deformation in terms of the percentage of pure and simple shear
components linked to the PASZ activity in its southernmost sector
in the Baronie region. The kinematic vorticity data obtained by the
C’ shear band method (Kurz & Northrup, 2008) highlighted 75-
68% pure shear and 25-32% simple shear components associated
with a pure shear dominated transpression. This agrees with the
observed progressive increase in the W, value and in the simple
shear component northward, i.e., toward the PASZ high-strain zone
(Carosi et al., 2020).

Contour maps are a fundamental tool for analyzing and
elaborating spatial geological data. They display the variation of
geological variables, such as thickness, depth, or porosity, over
an area of interest (Groshong, 2006). Before the advent of fast
computers and computational algorithms, maps showing geological
variation were prepared by hand. However, hand-contoured maps
cannot be reproduced precisely, and values implied by the contours
cannot be recovered. Data interpolation in geology is often difficult
due to the lack of closely or homogeneously distributed data,
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resulting in interpolations conducted with an irregular sampling
distribution. As recommended by previous authors (e.g., Fiannacca
et al., 2017) and as used in this work, stochastic interpolators
depend on the computation of a probability model, which is a
mathematical representation of a random phenomenon necessary
for these purposes. It is important to recognize that all contouring
methods, mathematical or otherwise, are interpolation methods
and therefore include an error in the resultant surface. This error
is related to both the density and location of the measured control
points used to construct the surface. Nevertheless, the amount
of W, estimations linked to the PASZ activity in the Baronie area
in Sardinia, integrating both the existing and the new data, is
sufficient in number (44 data) to develop a detailed kinematic
of the flow contour map (Fig. 5). It is important to note that all
the kinematic vorticity data have been derived with the same
methods, i.e., the C’ shear band, but from different lithotypes. In
fact, the investigated area by Carosi et al. (2020) is characterized
by micaschist and paragneiss from the garnet to the sillimanite +
white mica zones and granodioritic and granitic augen orthogneiss
and amphibolite lenses within the kyanite-bearing micaschist
(Crucianietal., 2013,2022, Scodina et al., 2021). Despite most of
the investigated lithotypes are associated with similar rheological
behaviour due to the presence of a similar rock matrix made by
white mica and biotite, a detailed rheological characterization
of the present lithotypes is out from the aim of this work. The
obtained contour map showing the spatial W, distribution linked
to the PASZ in the Baronie region (Fig. 5), graphically shows a
southward increase in the pure shear component, associated with
a systematic and progressive northward increase of the simple
shear component, from 25% to 52%, in agreement with the Carosi
et al. (2020) results. The recognized W, distribution is not entirely
systematic and linear, but few complex zones are detectable
(i.e., low W, values in the Lode town eastern sector; Fig. 5). The
presence of anomalous W, sectors could be related to: (i) the
occurrence of lithotypes with different rheological properties
(i.e., orthogneiss and metasedimentary rocks), resulting in a
variation of the W,_estimations linked to the different recording of
the deformation; (ii) a strain partitioning along the mylonitic belt,
giving rise to high- and low-strain zones, or (iii) the uncertainties
and contour variation related to the lack of measurements in a
specific sector of the investigated area.

Since vorticity analysis is a powerful tool and the kinematics
of flow is a fundamental parameter for investigating the complex
evolution of regional-scale shear zones, when an adequate amount
of estimations is available, graphical-based data like contour
and interpolated maps help and improve the traditional data
interpretation. In thisway, itis possible to explore the W, distribution,
compare the different deformation regimes linked to high- and low-
strain domains, identify a possible spatial strain partitioning, unravel
the compatibility between strain and structures and develop robust
correlations at the belt scale. In addition, despite this approach to
represent the flow kinematics being few applied and relatively new,
several improvements could be reached by testing it with different
scales of observations and in different shear zone types. Thus, as a
final remark, | strongly suggest that geospatial investigations about
flow kinematics in a collisional framework can be strictly associated
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with field investigations to unravel the distribution and partitioning
of deformation throughout different crustal-scales shear zones.
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