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Abstract—Shear zone patterns within the Suretta nappe of the Swiss Alps are studied in order to understand
finite strain and bulk tectonic displacements. The Suretta nappe is chosen for two main reasons; the availability of
late Variscan granites deformed during Alpine tectonics only, and because of continuous outcrop from bottom to

top of the nappe.

This Alpine nappe recorded two major ductile deformation phases, which developed under low-grade
metamorphic conditions. The analysis of shear zone patterns in the Roffna granite reveals that the first
deformation is well developed in the entire nappe; the second deformation, however, is more localized in the
lower and upper parts. The bulk asymmetry of the shear zone patterns confirms the kinematics recorded by other
Penninic nappes in this area: first a stacking of the nappe towards the NW, followed by the top to the E shearing
during post-thickening extensional tectonics. The shear zone patterns and strain distribution allow us to deduce
kinematics at the nappe scale. Copyright € 1996 Published by Elsevier Science Ltd

INTRODUCTION

Heterogeneous deformation in basement rocks, espe-
cially in those with an initially homogeneous and iso-
tropic structure (e.g. granites), is often expressed by
anastomosing shear zones surrounding lenses of weakly
deformed rocks (Mitra 1978, 1979, Ramsay 1979, Bell
1981, Choukroune & Gapais 1983, Marquer 1991). At
all scales, the previous structures and textures of these
basement rocks are preserved within weakly deformed
lenses limited by shear zones (Marquer 1991). At a bulk
scale, shear zone patterns have been used as qualitative
shear criteria and strain markers (Gapais et al. 1987).
Recently, shear zones have also been used as indicators
of palaeostress directions (Srivastava ef al. 1991). In this
paper, the study of the shear zone patterns is performed
to estimate the geometry and orientation of the principal
finite strain axes and to deduce the bulk tectonic dis-
placements of a Penninic nappe. This analysis of shear
zone patterns and strain distribution at the nappe scale
give new information about the deformation of the
continental lithosphere during mountain building pro-
cesses.

Since Argand’s work (1911, 1916) in the Western
Alps, the overall geometry of the Penninic nappes seems
to be well established. Recent studies on nappe geom-
etry and basement-cover relationships (see Escher et al.
1993) described these nappes as large recumbent folds,
referred to as ‘ductile basement fold nappes’. On the
other hand, recent structural and seismic investigations
in the eastern part of the Alps described the nappe
geometry as due to thrust tectonics and post-nappe
refolding (Schmid ef al. 1990, Schreurs 1993). After a
review of the tectono-metamorphic evolution in this part
of the Alps derived from the Brianconnais palaeo-
graphic domain, our paper focuses on the internal defor-
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mation of a particular basement nappe, the Suretta
nappe, in order to understand its large scale deformation
mechanisms and kinematics using shear zone patterns.
This famous Alpine nappe belongs to the upper Penninic
domain in the eastern part of the Central Alps (Triimpy
1980).

In order to test the method of shear zone pattern
analysis (Gapais et al. 1987) in a basement nappe, the
Suretta nappe has been chosen for two main reasons: the
occurrence of a late Variscan granite deformed during
Alpine tectonics only; and the occurrence of continuous
outcrops from top to bottom of this nappe. From a
methodological point of view, the study of a late Varis-
can granite is favourable because (1) Alpine structures
can be studied without interference or disturbance due
to previously acquired structures, and (2) in the initial
state, granites can be considered as relatively homo-
geneous and isotropic in large volumes, unlike the
intruded basement rocks which present a strong planar
anisotropy. This paper deals only with the shear zone
geometry and kinematic analysis of the main ductile
deformation of the late Variscan Roffna granite in the
Suretta basement.

GEOLOGICAL SETTING OF THE
BRIANCONNAIS TERRANES

Early cartographic and petrological works (Staub
1916, 1924, Wilhelm 1933, Griinenfelder 1956, Streiff et
al. 1976), and recent detailed mapping and stratigraphic
observations (Suretta nappe: Milnes et al. 1978; Schams
nappes: Schmid et al. 1990, Schreurs 1993; Tambo
nappe: Baudin et al. 1993, Mayerat 1994; Suretta cover:
Baudin et al. 1995) define the following structural units
in this part of the Alps (Figs. 1 and 2). The stacking of
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Fig. 1. Simplified geological map of the Eastern Penninic domains
illustrating the location of the area studied. Dashed line: staurolit
isograd after Frey et al. 1979, 1980.

the Adula, Tambo and Suretta nappes results from early
Tertiary crustal stacking (Marquer et al. 1994). A
narrow suture, the so-called Misox zone, separates the
south European margin (Adula nappe) from the Brian-
connais Tambo and Suretta nappes (Fig. 1). The Misox
zone constitutes the southern extremity of the Schistes
Lustrés, the Ucello units, which belong to the Valaisan
zone (Steinmann 1994) (Fig. 2). During the early
Palaeogene, this zone was subducted below the Tambo
and Suretta northern Briangonnais realm (Marquer et
al. 1994). The Mesozoic sediments of the Schams nappes
are wrapped around the front of the crystalline base-
ment nappes (Fig. 2). This large scale structural shape,
enveloping Tambo and Suretta nappes (Fig. 3), is de-
scribed as the Niemet-Beverin post-nappe fold in many
works (Milnes et al. 1978, Schmid ez al. 1990, Schreurs
1993).

The thin crystalline slivers of Tambo and Suretta,
about 3—4 km thick, are mainly composed of polycyclic
basement (amphibolites, paragneisses, orthogneisses)
intruded by a large magmatic complex, the Roffna
granite (Fig. 2). Recent mapping and petrographical
observations emphasize that these igneous rocks consist
of late Variscan intrusions, probably Permian in age.
Their chemical composition and textures are close to
those of rhyolitic—granitic rocks and they are associated
with volcanic effusives (metatuffs), lying unconformably
on the basement of both Tambo and Suretta nappes.
This monocyclic Permian volcanoclastic cover progress-
ively grades into conglomerates, subsequently meta-
morphosed into chlorito—albitic gneiss. It is followed
upwards by pure quartzite, probably Scythian in age. A
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strongly reduced carbonate series, with polygenic brec-
cia, lying unconformably on the older sediment or
directly on the basement, exhibits a type of sedimen-
tation comparable to Ultra-Briangonnais terranes. The
Starlera nappe, recently defined as an early cover décol-
lement (Baudin et al. 1995), tectonically overlies either
the reduced autochtonous cover or the basement of
Tambo and Suretta units (Figs. 2 and 3). This thrust slice
is often underlain by ‘cargneules’ and consists from
bottom to top of Triassic banded marbles and dolomites,
dark strong smelling marbles, massive white marbles,
calcschists and polygenic breccias, typical for the inter-
nal Briangonnais. In the Spliigen zone located between
Tambo and Suretta units, the Suretta nappe directly
overlies the Starlera nappe (Figs. 2 and 3).

TECTONIC SETTING OF THE EASTERN
PENNINIC ALPS

Recent structural analyses and seismic investigations
(Suretta nappe: Milnes et al. 1978, Schmid er al. 1990,
Schreurs 1993; Tambo: Baudin et al. 1993, Mayerat,
1994; Suretta cover: Baudin et al. 1995; NFP-20-East
seismic lines: Pfiffner et al. 1988, 1990, Frei et al. 1989)
and tectonic models (Merle et al. 1989, Schmid et al.
1990, Marquer et al. 1994, Merle 1994) gave different
Tertiary tectonic evolutions for this area. There are
some disagreements in these models concerning D,
deformation events and associated bulk kinematics.
According to Marquer et al. 1994, the Alpine defor-
mation history of this area may be summarized as
follows.

During Tertiary convergent tectonics, four Alpine
deformation phases are distinguished. The burying tec-
tonics due to subduction of the thinned continental
Briangonnais crust underneath the Austroalpine—
Apulian plate is identified as D; deformation. D; is
associated with a strong SSE-NNW stretching lineation
and a top to the NNW shearing (Fig. 4). Estimates of the
P-T conditions are based on phengitic substitution
(Massonne & Schreyer 1987) in D; mylonitic foliations
and systematically show HP-LT metamorphic con-
ditions. For example, metamorphic conditions of about
12 kb and 500°C are reached in the Tambo nappe
(Baudin et al. 1993). Ahead of the Tambo and Suretta
basement, the pile of crystalline and sedimentary slabs
(Ucello, Areua, Schams, Vignone) represents an accre-
tionary wedge particularly well-developed in the north-
ern Penninic schistes lustrés and flysch (Figs. 2 and 3)
(Steinmann 1994). The overall geometry of the frontal
slices is related to the closure of the Valais trough. The
D, ductile Alpine deformation is linked to the progress-
ive Eocene stacking of the Adula, Tambo and Suretta
nappes towards the NNW and is associated with NW-SE
oriented stretching lineations in the Suretta nappe (Fig.
4).

The D, deformation is a ductile and heterogeneous
deformation, linked with an W-E stretching lineation
(Fig. 4). Most of the D, mylonitic zones cross-cut pre-
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Fig. 2. Geological map of the frontal part of the Suretta nappe: original geological survey of the Suretta and Tambo nappes
by the authors (1992-1994 field seasons), geological boundarics of Ucello and Schams units from Schreurs (1993). The
contact between Avers- autochthonous Mesozoic cover of Surctta is not actually well-defined.

vious contacts and indicate top to the East shearing. Asa
consequence of the subvertical shortening between sub-
horizontal D, shear planes (Baudin et al. 1993), the
gently SE-dipping D, foliation and pre-Alpine foliation
previously steeply dipping towards the SE underwent
strong SE vergent folding (D»), the angles between the
mainly N70 directed fold axes and the E-W stretching
lineations being very small (Fig. 4). The rheological
contrast between basement and cover appears to have
been very low during D, deformation. This leads to a
very similar style of heterogeneous deformation affect-
ing both basement and cover. The phengitic substitution
values measured in the D, mylonites or in the D, shear

bands indicate pressures progressively decreasing with
time associated with a slight decrease of temperature.
For example, a progressive decrease of pressure and
temperature from 11 to SKb and 550 to 500°C is recorded
at the bottom of the Tambo nappe (Baudin & Marquer
1993) and from 10 to 5Kb at 400-450°C in the Roffna
granite (work in preparation). This tectono-meta-
morphicevolution of the D, deformationisinterpreted as
astrong vertical shortening associated with preferentially
top to the East shearing, which occurred synchronously
with substantial decompression (Baudin & Marquer
1993). This progressive deformation induces crustal
thinning with a stretch parallel to the Alpine chain
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Fig. 4. NW-SE structural cross-section with the projection of the large scale D, shear zones trajectories (broken line) and

distribution of weakly deformed areas in the Roffna granite (crosses). Stereographic projection of the Alpine stretching

lineations in different parts of the nappe: D, squares; D,, black dots. Rectangle corresponds to the location of the
cross-section in Fig. 6.

during the lower Oligocene (Marquer ef al. 1994). In this
model, it is important to note that D, W-E stretching
was still active in the upper Penninic nappes while the
lower Penninic nappes were progressively transported
towards the NNW. Moreover D, thinning could also
explain a part of the exhumation of the eastern part of
the high grade Ticino zone (Bradbury & Nolen-
Hoeksema 1985, Deutsch et al. 1985, Hurford 1986,
Hurford et al. 1989, Merle 1994).

The subsequent deformation events, D3 and Dy, have
not strongly modified the overall structure of the nappe

pile. These deformations occurred under lower green-
schist facies conditions and became much more loca-
lised. D5 deformation is expressed by E-W trending
rhythmic folds with a ‘staircase’ geometry at the nappe
scale (Baudin ez al. 1993). This north-vergent D; folding
is possibly linked to the uplift along the Insubric line
(Marquer et al. 1994). D, deformation consists of several
NNW-SSE brittle-ductile normal faults, steeply dipping
towards the ENE and lowering the eastern sides with
hectometric fault throws. This late D4 extensional defor-
mation seems to be a symmetrical structure coeval with
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Fig. 5. Examples of typical studicd structures and microstructures. (a) Shear zone in the Roffna granite used as shear
criteria (C/S relationships, Berthé er al. 1979). (b) Conjugate shear zones in the Roffna granite defining a small scale shear
zong pattern. (c) Isoclinal folds in Triassic sediments from the Starlera nappe at the top of the Roffna slice. (d) Superposed
folding in the calcschistes of the autochthonous cover of Surctta at the top of the Roffna slice. (¢) Shear band
microstructurcs used as shear criteria in old orthogneisses (D5). Scales are given by lens cover or pencils.
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the last Simplon normal faulting (Mancktelow 1985,
Steck 1984, 1990) and could also be linked to late
transpression of the Apulian plate along the Alpine arc
(Schmid & Froitzheim 1993).

HETEROGENEOUS DEFORMATION AT THE
NAPPE SCALE

Geometry of the main ductile deformations in the
Suretta nappe

In this area, the early Tertiary deformation starts with
décollement tectonics which leads to Mesozoic cover
nappes (Starlera phase, see Baudin & Marquer 1994)
overlying the reduced autochthonous cover. This early
thin-skinned tectonics is also described in overlying
equivalent structural units of the western Swiss Alps
(Sartori 1990). This upper crustal deformation stage is
followed by the stacking history and the burying of the
Pennine nappes. In this paper, we only consider the two
main ductile deformation phases, D, and D,, which
developed under greenschist facies conditions in the
northern part of the Suretta nappe. During progressive
D; and D, deformations, the types of structures
recorded in basement and cover were different (Baudin
& Marquer, 1994).

(1) In the basement, the geometry of structures is
governed by very heterogeneous deformation leading to
shear zones surrounding lenses of weakly deformed
rocks (Figs. 5a & b). In these zones, pre-Alpine struc-
tures are recognisable and intrusive contacts or magma-
tic structures are well-preserved in the Roffna granite
(crosses on Fig. 4). The Suretta nappe comprises two
different basement slices, separated by a continuous
layer of Mesozoic cover. The frontal slice is mainly
composed of Roffna granite (the Roffna slice, Fig. 3)
whereas the overlying southern slice is constituted by a
large part of old basement (the Timun slice, Fig. 3). This
geometry results from the D deformation. Large scale
D, ductile shear zones, recognized in the field, are
projected in a NW-SE cross-section (Fig. 4). These
principle zones of intense deformation, well-defined in
the Suretta basement, may be traced into the cover,
where intensely folded domains are predominant. For
example, the large D, shear zones are responsible for
the famous refolding of the previously stacked struc-
tures, mainly located in an area corresponding to the
frontal part of the Timun slice in the Piz Grisch-Ferrera
valley at the top of the Suretta nappe (Fig. 4) (Niemet—
Beverin phase: Milnes & Schmutz 1978, Schmid et al.
1990, Schreurs 1993).

(2) On the other hand, the cover has undergone much
more penetrative deformation, characterised by locally
intense folding (Fig. 5¢). During the first deformation,
isoclinal curviplanar folds were developed leading to
fold axes parallel to the NW-SE stretching lineations in
the vicinity of the main D, thrusts. In the studied area,
the previous contacts between the basement and the
cover were strongly affected by the D, deformation (Fig.
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4). This second deformation phase is linked to a gently
E-dipping schistosity with a strong E-W stretching linea-
tion and led to superimposed structures with D, fold
axes trending NE-SW to E-W in zones of high strain
(Fig. 5d). The D, folds in the cover are mainly SE
vergent. This geometrical relationship between D, fold
axes subparallel to E-W stretching lineation and system-
atic SE vergent folding is interpreted as the result of the
refolding of old foliations dipping towards the SE as a
consequence of D, thrusting (Baudin et al. 1993). The
kinematics of D, deformation is deduced from asym-
metrical microstructures, indicating predominant top to
the East senses of shear which are particularly well-
developed in orthogneisses of the basement (Fig. 5¢)

Strain distribution in the Roffna granite

In the northern part of the Suretta nappe, the late
Variscan Roffna granite (see Grunenfelder 1956) shows
a heterogeneous strain (Figs. Sa & b). The following
analysis of shear zone patterns focuses on the frontal
slice of Suretta nappe because of the occurrence of the
monocyclic Roffna granite in a continuous outcrop from
the bottom to the top of the Roffna slice (Fig. 6). In the
studied area, the Roffna slice was unaffected by the
large scale refolding present at the upper contact of the
Suretta nappe (Fig. 4) and thus earlier structures are not
back-rotated. The geometry of the deformation is char-
acterised by ductile shear zones surrounding lenses of
weakly deformed granite (Fig. 5b). Heterogeneous de-
formation is present at all scales (see cross-sections in
Figs. 4, 6 and 5b). In some small areas, the magmatic
xenolith fabric is well-preserved and relicts of the pre-
vious magmatic deformations are found corresponding
mainly to a weak magmatic foliation with N120-N140
strikes and subvertical dips.

A weak schistosity and stretching lineation occurs in
the core of the lenses and become intense close to the
shear zones. The analysed shear zones were high strain
zones contemporancous with major ductile defor-
mations and metamorphism. Shear zones formed during
D, or D, deformation have been distinguished in the
ficld by using superimposed structures and the geometry
of schistosity planes and stretching lineations associated
with these differently oriented shear zones. In other
words, all the measured shear zones were attributed to
D, or D, deformation with respect to relative chrono-
logical criteria, and the measured direction of the main
principal axis, X, present on the schistosity for each
deformation phase (e.g. X direction, NW-SE for D, and
E-W for D, (Fig. 4)). Shear zone patterns have been
analysed every 100-200 m on a continuous vertical
profile. The results of this analysis reveal that the first
deformation is well-developed within the entire slice.
The second deformation, however, is more pronounced
in the basal and upper parts (Fig. 6, D/D,): D, defor-
mation is intense (Fig. 5e¢) and well-localized at the
boundaries of the slice, around 2100 m and 2700 m.
Between 2100 m and 2300 m D, and D, are present,
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while between 2500 m and 2700 m the Roffna granite is
only weakly deformed by D deformation.

Geometry of shear zone patterns

For each shear zone pattern, the description of poles of
shear zone planes, stretching lineations and shear senses
derived from classical shear criteria analysis (Figs. 5a, b
& e) provide the following results: from 2300 m to 2500
m, the regional D schistosity (X/Y) was measured in the
weakly deformed lenses and shows a constant average
N45° strike, parallel to the Y direction (great circles S in
stereograms, Fig. 6). Both schistosity and associated
stretching lineation (stars in stereograms, Fig. 6) dip
toward the south-east. In all the studied areas, the shear
zone patterns associated with D, deformation are rep-
resented by conjugate zones intersecting close to the Y
direction. The first set consist of moderately dipping
shear zones with a SE oriented stretching lineation and a
top to the NW dominant shear sense (squares in Fig. 6).
The second set is represented by steeply inclined shear
zones, northwest or southeast dipping and associated
with subvertical lineations (open and black circles in Fig.
6). These shear zones mainly lower the SE blocks, as
shown in the core of the Roffna granite (cross-section,
Fig. 6). These data show an equal distribution of these
two conjugate sets in the stereograms, without any
preferred set (Fig. 6).

On the contrary, at the top (2700 m) and bottom (2100
m) of the slice, D, deformation shows a dominant set
corresponding to shear zones dipping slightly towards
the e¢ast and indicating a top to the east shearing, very
few conjugates with top to the west being present (Fig. 6,
open circles and squares). The regional D, schistosity
(X/Y) at the upper and lower margin of the Roffna
granite is subhorizontal or close to the dominant set of
shear zones (great circles S on stereograms, Fig. 6). The
associated stretching lineations are dipping toward the
east (stars on stereograms, Fig. 6).

Shear zone patterns and fault kinematic analysis

Tectonic studies traditionally focus either on brittle
deformation by looking at fault populations (Engelder
& Geiser 1980, Angelier 1984, Hancock 1985, Marrett &
Allmendinger 1990), or on ductile deformation by ana-
lysing shear zone patterns (Gapais et al. 1987, Marquer
1990, 1991). These two approaches, with their own
methods, have caused controversy in their interpre-
tation in terms of strain and/or stress for several decades.
One recent paper about the use of ‘shear zones as a new
type of palacostress indicator’ (Srivastava et al. 1995)
emphasises the importance of comparing and applying
brittle field methods to strain markers in brittle~ductile
and ductile shear zones. Even if this interpretation in
terms of palaeostress could be a source of debate, a
careful analysis of the geometry and the kinematics of
shear zone patterns and a comparison with principal
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axes deduced from the same shear zone populations
using methods of fault plane analysis would allow new
insights into the ductile shear zone analysis. In this
paper, the method of fault kinematic analysis is applied
to ductile shear zones and the resulting main stress axes
(P and T axes) will be compared with strain axes (Z and
X axes) deduced from classical strain analysis, using
schistosity-stretching lineation couples measured in the
lenses between the shear zones (Fig. 6, Faultkin). In our
study, the P and T directions deduced from fault plane
analysis do not represent stress axes but they are only
used as a graphical representation to test the geometrical
compatibility of shear zones.

In all the localities of D deformation, the stretching
lineation lying on the schistosity plane measured in the
middle of weakly deformed lenses, corresponding to low
strain domains, are close to the T (tension) axis (Fig. 6).
In these diagrams, the schistosity planes are close to the
plane containing the T axis and the intermediate axis of
the fault kinematic solution. In that case, the schistosity
acts as a symmetrical plane between the two sets of shear
zones. The agreement between measured principal axes
(schistosity X-Y, great circles with stars in Fig. 6, linea-
tion X, stars in Fig. 6) and fault kinematic results attests
for a good compatibility of the shear zones and the
schistosity and confirms the NW-SE shortening during
D;.

On the other hand, the fault kinematic analysis for D,
shear zones reveals an asymmetry of the position of the
D, schistosity (X-Y, great circles with stars in Fig. 6)
with respect to the calculated extension field (dashed
area, Fig. 6). An obliquity of the dip of the stretching
lineation (X, stars in Fig. 6) with respect to the T axis is
also observed. In these diagrams, the D, schistosity is
close to a great circle delimiting the Tension/
Compression fields. The schistosity is always at low
angle to the dominant set of shear zone (open circles,
Fig. 6). Even if their dips differ slightly, the stretching
lineation and the T axis trend in the same E-W direc-
tion, while the shortening is almost vertical (Fig. 6).
These symmetrical/asymmetrical results are used as
large-scale kinematic indicators to establish the bulk
strain regime of a crustal structure (Choukroune et al.
1987).

Bulk kinematics

Using the geometry of the tectonic contacts at the
boundary of the nappe for D, and D, deformation, the
results provided by shear zone pattern analyses at the
scale of measurement stations can be interpreted in
terms of bulk kinematics, strain intensity and strain
localisation at the nappe scale. The D, and D, shear
zone patterns in the different areas of the Roffna slice,
lead to symmetric/asymmetric patterns versus schisto-
sity, lineation and T-P axes which are interpreted as
non-coaxial deformation in low strain domains for D,
deformation (Fig. 7, S, L and T on the same axis) and
non-coaxial deformation in high strain domains for D,.



762

For this D, deformation, the schistosity and stretching
lineation measured in the field (S, Lin Fig. 7) are located
in the tension field of fault kinematic analysis, but are
close to the dominant set of shear planes (open circles in
Fig. 7) and not close to the dihedral symmetric plane
containing the T and intermediate axes of the fault
kinematic analysis (T on Fig. 7). This asymmetrical
geometry is interpreted as a strongly non-coaxial defor-
mation at this scale (Fig. 7). In these two cases, we
suggest that the orientation of P and T axes, calculated
with the shear zone pattern analyses, are close to the
principal axes of the incremental strain ellipsoid (dashed
ellipsoid in Fig. 7) while the schistosity and the stretch-
ing lineation measured in the field correspond to the
principal axes of the finite strain ellipsoid. With such
interpretation, finite strain and incremental strain ellip-
soids are parallel for D and oblique for D, deformation.
Such features could be related to the low and widely
distributed strain observed for D whereas the D, defor-
mation geometry reflects higher strained domains,
strongly localised at the bottom and top of the Roffna
slice. At the scale of the Roffna slice, the bulk asym-
metry of the D; and D, shear zone patterns in the Roffna
granite compared to the mainly horizontal or gently east
dipping tectonic contacts is interpreted as a C/S relation-
ship, and confirms the kinematics recorded by these
contacts or by other Penninic nappes in this area (large
black arrows on Fig. 7): D, corresponds to a stacking of
the nappe towards the NW and is followed by D, with a
top to the E shearing.

D. MARQUER, N. CHALLANDES and T. BAUDIN

CONCLUSIONS

This approach allows us to draw conclusions about the
geometry, the distribution and the kinematics of base-
ment deformation. Because the main contacts between
tectonic units are often reworked in collision belts, and
because observations of local kinematic indicators re-
veal only late tectonic events, the analysis of shear zone
patterns at the scale of a nappe is a powerful instrument
in order to deduce the bulk kinematics. The comparison
between the orientation of P-T axes resulting from shear
zone pattern analysis using fault kinematics and the
direction of the principal strain axes defined by schisto-
sity and stretching lineation allows a description of the
kinematics and the distribution of the two main ductile
deformations recorded from the bottom to the top of the
Roffna granite. The first phase, well expressed in the
whole nappe, corresponds to a top to the northwest
sense of shear and the second phase, preferentially
developed at the top and the bottom of the nappe,
indicates a top to the east sense of shear. The deformed
granites provide a powerful strain marker and kinematic
indicator at the bulk scale.

The study of shear zone patterns and strain distri-
bution at the nappe scale is a tool to understand the
basement behaviour during collisional building pro-
cesses. The basement rocks seem to be mainly con-
trolled by heterogeneous deformation while the cover is
mainly affected by large scale folding. This hetero-
geneous and localised deformation expressed in the

Fig. 7. Sketch of the kinematic interpretation of D, and D, deformations. The shearing plane (large arrows) corresponds to

orientation of the main tectonic boundaries of the nappe. Circles, squares and stars are as in Fig. 6. P and T are the

calculated compression and tension axis using Faultkin (Fig. 6). S is the average of schistosity and lineation measured in the
field (Fig. 6); their orientations are compared with P-T axis, see text for explanations.
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basement nappes leads to large preserved domains
which are of importance to the reconstruction of the
tectono-metamorphic history of these old basement
units.
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