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Abstract—The Adra Nappe (Alpujirride Complex, Betic Cordilleras) is an imbricated thrust sheet of metamor-
phic rocks. At the regional scale, changes in c-axis fabrics of deformed quartzites in the nappe are fully consistent
with the strain path inferred from the microstructures. In the upper part of each imbricate, where the reference
frame (S, L,) is weakly deformed by open Fj-folds, quartz c-axis fabrics are characterized by symmetrical
patterns of small-circle girdles around Z. Increasing strain towards the basal thrust faults is marked by new quartz
fabrics developed during a pervasive D3-mylonitization. These fabrics correspond to asymmetrical single-girdles

or asymmetrical type II cross-girdles.

These changes in quartz fabric can be correlated with the progressive replacement of an initial coaxial flow (D)
by a non-coaxial flow (D3) near the thrust fault, as a result of the movement of the Adra Nappe.

INTRODUCTION

FaBric studies during the last decade has shown that
quartz microstructures and c-axis fabrics are powerful
tools in unraveling the kinematics of plastically de-
formed tectonites in ductile shear zones. This is largely
based on the close relationship between the type of
symmetry of crystallographic fabrics and the flow
regime, as inferred from theoretical approaches to the
development of preferred crystallographic orientations
(Etchecopar 1974, 1977, Lister 1981) and from fabric
analyses of natural tectonites (Bouchez 1977, Burg &
Laurent 1978, Bouchez & Pécher 1981, Behrmann &
Platt 1982, Simpson & Schmid 1983). In addition,
experimental deformation of quartz analogs such as ice
(Bouchez & Duval 1982, Burg ez al. 1986) and experi-
mental deformation of quartz itself (Tullis er al. 1973,
Kirby 1977) supports these kinematic interpretations.
From these studies it follows that petrofabric analysis
can serve to establish strain-partitioning within a geo-
logical structure, both at the outcrop (Carreras et al.
1977, Garcia-Celma 1982) and at a regional scale (Lister
& Dornsiepen 1982, Law et al. 1984).

This paper investigates quartz c-axis fabrics within a
thrust sheet in the Betic Zone of southern Spain, with
particular reference to the following aspects: (1) the way
in which the quartz fabric was modified as a conse-
quence of the history of progressive deformation under-
gone by the nappe; (2) the possibility that symmetrical c-
axis fabrics within mylonite zones in some cases reflect
the fabric-memory of the pre-mylonitic deformation;
and (3) the lithological control on fabric evolution in
rocks with different quartz content, during a progressive
deformation and, consequently, the influence of the
lithology on the mechanisms which favour the acqui-
sition of plastic deformation in tectonites.

With these aims in mind we present a petrofabric
analysis of the Adra Nappe, which belongs to the Alpu-
jarride Complex of the Betic Cordilleras in Southern
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Spain. This study builds on previous structural studies of
the nappe (Aldaya 1969, Cuevas 1988), which have
constrained its deformation history and metamorphic
evolution as well as its movement direction.

GEOLOGICAL SETTING

In the Betic Cordilleras two major domains can be
distinguished (Fig. 1a). (1) The External Zones to the
north are related to the South-Iberian palacomargin.
These are formed mainly by sedimentary rocks of Meso-
zoic and Tertiary ages. (2) The Betic Zone to the south,
consists mainly of metamorphic materials of Triassic age
or older (Egeler & Simon 1969). On the basis of their
lithological and metamorphic characteristics and their
structural position the Betic Zone is divided into three
main complexes (Julivert et al. 1973): the lowermost
Nevado-Fildbride Complex; the intermediate Alpujér-
ride Complex and the uppermost Maldguide Complex.

The Adra Nappe, the subject of the present study,
belongs to the Alpujdrride Complex. The Alpujdrride
Complex is composed by several nappes which present a
metapelitic sequence affected by a low to intermediate
P-T metamorphism. The metamorphism decreases
towards the top in each nappe, while on a regional scale,
the highest grade nappes occur at the highest structural
levels (Aldaya et al. 1979).

The Adra Nappe

The Adra Nappe is an imbricated thrust sheet which
consists of a sequence with migmatites at the base,
overlain by a sequence of schists with a decreasing
metamorphism upwards (with sillimanite, staurolite,
garnet and biotite). The schists are overlain by phyllites
of Permian-Triassic ages and by a formation of Triassic
marbles. This nappe has been displaced from the SW to
the NE, along ductile mylonite zones. A later movement
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Fig. 1. (a) Tectonic sketch map of the Betic Cordilleras, showing the setting of the Adra sector within the Betic Zone. (b)
Simplified geological map of the central part of the Adra Nappe. (c) Lower-hemisphere, equal-area projections of mylonite
foliations (420 measurements; contours: 1, 3, 7, 10 and 215% per 1% area) and stretching lineations (390 measurements;
contours: 1, 3, 6, 10 and =20% per 1% area) in mylonite zones of the Adra Nappe. National grid co-ordinates indicated.

towards the north took place under shallow brittle
conditions (Cuevas ez al. 1986). Within the studied area,
south of the Sierra Nevada, the imbricate units of the
Adra Nappe only contain garnet and staurolite-bearing
schists near the base overlain by biotite schists in the
upper parts of the nappe (Fig. 1b).

Three generations of deformational structures have
been recognized in the Adra Nappe. The Dy- and D,-
structures are mainly preserved in the biotite schists at
high structural levels, in which Dj-structures are less
penetrative. The distribution of the Ds-structures is
clearly heterogeneous, and provides a structural zoning
of the Adra Nappe. Far from the basal contacts of each
imbricate, Dj-structures correspond to open asymmet-
ric folds, which deform the S,-schistesity. They only
generate a weak crenulation cleavage in the hinge zones
of the more pelitic rocks (Fig. 2a). Towards the basal
thrusts a progressive decrease is observed in the inter-
limb angles of Fy-folds grading into an intense foliation
developed in basal mylonite zones. These mylonite

zones are characterized by an L-§ fabrics and S-C
structures (Fig. 2b). In these mylonite zones pre-
mylonite structures can still be recognized, preserved
within lozenge-shaped bodies of quartzite, which have
been boudinaged during mylonitization (Fig. 2c). The
Ls-stretching lineation of the mylonites is defined by
biotite and quartz aggregates and has a mean orientation
of N45°E (Fig. 1c).

The spatial distribution of these structures in the Adra
Nappe reflects an increasing intensity of Ds-
deformation towards the basal contacts of the thrust
sheets, related to ductile thrusting. Several lines of
evidence have been used to argue that these ductile
thrusts in the Adra Nappe moved from the SW towards
the NE (Cuevas 1988): (1) stretching lineation in the
basal mylonites trend N45°E; (2) mesoscopic ductile
shear zones in the mylonite zones show a NE sense of
displacement; (3) the asymmetry of 5—C structures con-
sistently indicates a shear sense towards the NE (Fig.
2b); and, finally (4) the geometry of mica-fish (Fig. 2d)
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and the asymmetry of pressure-shadows around garnet
porphyroclasts indicate a NE sense of movement.

Due to the weak imprint of D-structures in the upper
levels of the imbricates, the structural framework in
those levels corresponds to the S,-schistosity and the L,-
mineral lineation, whereas down in the basal mylonite
zones the structural framework is usually defined by the
new S3;-mylonite foliation and the Lj-stretching linea-
tion (Fig. 4).

PETROFABRIC DATA

Quartz fabric development in the Adra Nappe was
studied by microstructural analysis of 135 orientated
samples and in addition, 25 thin sections from both the
mylonite zones and the overlain folded schists were
selected to study c-axis crystallographic preferred orien-
tation patterns. All microstructural observations and
lattice orientation measurements were carried out in XZ
sections, that is to say parallel to the stretching lineation
and perpendicular to the schistosity. These studies re-
veal a significant variation of the c-axis fabrics, within
each imbricate sheet, presumably as a result of the
polyphase deformation observed in the Adra Nappe.

Microstructures and c-axis fabrics from the upper part
of the Adra Nappe

The quartzites and folded schists in the upper parts of
the imbricate units are characterized by an S,-foliation
and by an L,-lineation, defined by the preferred orien-
tation of mineral aggregates, and by elongated pebbles
in deformed metaconglomerates. In thin section, the
quartzites show numerous porphyroclasts (0.5-2 mm)
derived from old detrital grains in a groundmass formed
by small recrystallized grains. The porphyroclasts have
been flattened and have an ellipsoidal shape, with their
longest axis parallel to S,. They display deformation
bands or undulatory extinction oblique to S,. The
boundaries of the porphyroclasts are affected by recrys-
tallization processes, which contribute to the formation
of the groundmass of small new grains. These newly
recrystallized grains are equant or slightly elongate de-
pending on whether they occur adjacent to the short or
long axis of the porphyroclast, respectively.

The deformed quartz veins present a much more
variable microstructure than the quartzites. As in the

So-schistosity
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quartzites, the most common microstructure in the
quartz veins is that of quartz porphyroclasts surrounded
by a fine-grained matrix of recrystallized new grains.
The porphyroclasts have variable sizes (0.4-2 mm) and
present rounded as well as ribbon shapes. They are
strongly deformed and show optically visible subgrains
in some cases and kink-bands in others (Fig. 3a). In
these samples many porphyroclasts are globular, in the
sense of Bouchez (1977), since they are internally
arranged in elongate bands separated by kink-bands
parallel to the S,-foliation (Fig. 3a). The c-axes of these
porphyroclasts are concentrated near the X-axis of the
finite deformation. The ribbon-like porphyroclasts
probably represent relics of old globular porphyroclasts,
as they usually have their c-axes also parallel to the X-
axis. This hypothesis is supported by the observation
that some kink-bands evolve to grain boundaries (Fig.
3b), probably because they are high strain energy sites
from which the recrystallization processes may have
started (Avé Lallement & Carter 1970, Post 1977). This
process led to a progressive reduction in grain size as
well as to a change in the morphology of some globular
prophyroclasts from round shapes to ribbon-type por-
phyroclasts.

Quartz c-axis diagrams from the upper parts of the
imbricate sheets of the Adra Nappe are shown in Fig. 5.
All fabric patterns show a majority of c-axes distributed
in the periphery of the diagrams close to the XZ-plane,
although some diagrams (Ju-42 or Ju-68) show sym-
metrical patterns, with c-axes clustered in four maxima
at 45° away from the lineation.

Microstructures and c-axis fabrics from the mylonite
zones

Within the mylonite zones of the Adra Nappe the
microstructures and the c-axis fabrics vary with quartz
content in the samples and with their distance from the
thrusts. As in the higher structural levels, there are
marked microstructural differences between the myloni-
tized veins of quartz and the quartz microstructure in the
surrounding schists (Fig. 3c). In the latter, the size of the
quartz grains is invariably smaller than in the myloni-
tized quartz veins (60-150 um vs 200-500 um, respect-
ively). Close to the thrust contacts the mica-bearing
quartzites (mica content ~ 10-20%) are characterized
by the presence of S—C structures. In these rocks, the
quartz grains have elongate grain shapes (X/Z = 2-3)

Mylonite  foligtion (S 3)

garnet schists 5

Fig. 4. Schematic structure of the Adra Nappe. Thrust contacts decorated by mylonites and the penetrative planar
structures dip southeast. Towards the thrust the S,-schistosity is gradually obliterated by the mylonite foliation (S3).
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Fig. 5. Quartz c-axis diagrams from the upper part of the thrust shects of the Adra Nappe. Lower-hemisphere, equal-area
plots; 150 data per diagram. Contours: 2, 3, 4 and 25% (Ju-36-2; Ju-37 and Ju-42); and 2, 3, S and 27% (Ju-36-1, Ju-68 and
Ju-156). The reference frame is defined by S;-schistosity and L,-stretching lineation (L).

and are bordered by biotite. The S-planes corresponding
to the mylonite foliation are defined by the preferred
orientation of both the elongate quartz and biotite
grains. The grain boundaries at high angles to the
foliation have a dentate shape or are bounded by small
equant grains which denotes the action of grain bound-
ary migrations in the foliation planes. This also agrees
with the presence of small biotite inclusions in the quartz
grains. The C-planes which obliquely cut the S-planes
are marked by a considerable decrease in grain size, and
by higher aspect ratios and reorientation of the grains. In
these tectonites only a few quartz grains are internally
arranged in deformation bands. The sub-grain bound-
aries group together in two families oblique to the S§-
planes (Fig. 6).

In thin section, the quartz veins from the base of the
imbricates also show two planar structures, although
these structures have a different significance than those
of the host schists. The most pronounced one is a shape
foliation (f;) defined by the preferred arrangement of
quartz grains with an elongated polygonal shape (Fig.
3d). f is oblique to the other planar structure corre-
sponding to the S;-mylonite foliation, which is deter-
mined by the biotite grains contained in the veins. The
orientation of f; forms an angle close to 90° with shear
bands visible in the adjacent schists (Fig. 3c). Some
quartz grains show sub-grain boundaries which form
triple points with the grain boundaries. The sub-grain
boundaries are oblique to the mylonite foliation and
maintain a uniform sense of asymmetry on a thin section

scale (Fig. 6). Usually, the grains with deformation
bands are larger than the matrix grains that make up the
aggregate and, moreover, often have their long axis
parallel to the mylonite foliation. This observation, and
the fact that the sub-grain—grain boundaries optically
visible in XZ-section form an angle of only 12° with f,
suggest that a major part of the sub-grain boundaries
have evolved to grain boundaries by a process of pro-
gressive misorientation of the sub-grain. The micro-
structure is interpreted to result from a recovery process
which efficiently contributed to a general grain-size
reduction in the tectonites (Poirier & Nicolas 1975,
Poirier & Guillopé 1979) and, at the same time, facili-
tated the destruction of the mylonite foliation in favour
of the development of f; within the quartz veins. The
microstructures suggest a cyclic nature of the defor-
mation processes during the mylonitization of the quartz
veins, which favoured the development of the mylonite
foliation, and recovery processes which tend to destroy
it (cf. Law et al. 1984, Burg 1986 or Knipe & Law 1987).

Other microstructures such as core and mantle struc-
ture (White 1977), or domainal fabrics (Garcia-Celma
1982), are only found in the mylonitized veins farthest
away from the thrusts. Some deviation of common
microstructures come-from the lozenge-shaped enclaves
which preserve the pre-mylonite structures in which
microstructures similar to those of the quartzite from the
upper part of the thrust sheets can be seen.

The quartz c-axis fabrics from the mylonite zones can
be grouped in several patterns (Fig. 7). A group of
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samples shows asymmetric c-axis diagrams with respect
to the structural frame, with a single-girdle at 50-70° to
the mylonitic foliation (Ju-66.V, Ju-75.V, Ju-82, Ju-
121). Within such single-girdles c-axes show an uneven
distribution, although they are mainly concentrated
close to the Z-axis. Other samples (Ju-69 and Ju-70) are
characterized by symmetrical patterns with type I
crossed-girdles centred on the Y-axis; in this case it can
be observed that one of the two girdles is more densely
populated than the other. The samples with asymmetric
patterns systematically occur in the mylonitized quartz
veins nearest to the thrusts, while the symmetrical pat-
terns with two crossed-girdles are representative of the
mylonitized schists where the previous quartz veins are
enclosed, and also of the mylonitized quartz veins away
from the thrust contacts. Finally, some mylonitized
quartzites (Ju-73.E) and, specially, the quartzites from
the non-mylonitized enclaves (Ju-48.V, Ju-48.E, Ju-39),
display diagrams with the c-axes distributed preferably
in the XZ plane, like those coming from the high part of
the thrust sheets of the Adra Nappe.

DISCUSSION

The microstructures and c-axis fabrics in the mylonite
zones provide different kinematic criteria to infer the
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direction of movement of the Adra Nappe. The quartz
microstructures, both grain shape foliations (Fig. 3d)
(Burg 1986) and the systematic asymmetry of the sub-
grain boundaries (Fig. 6) suggest a top-to-the-NE dis-
placement of the nappe, parallel to the stretching linea-
tion (N45°E) of the mylonites. In addition the sense of
the asymmetry of the c-axis diagrams (Fig. 7) also
indicate this same direction of movement, in agreement
with similar interpretations of crystallographic fabrics in
other areas (Behrmann & Platt 1982, Bouchez et al.
1983, Brunel 1986).

The structures in the Adra Nappe described above
suggest a transition of the deformation from a coaxial
regime at relatively high levels in the thrust sheets to a
non-coaxial regime near the thrusts. The quartz-bearing
tectonites also show a systematic variation of the c-axis
preferred orientation patterns in the nappe. Asshownin
Fig. 5, at high levels in the thrust sheets symmetric
quartz c-axis patterns predominate, which points to a
coaxial deformation at those levels (Law et al. 1986).
These symmetrical diagrams are consistent with a defor-
mation at low temperatures, below which only (a)-slip
systems basal planes are activated (Christie et al. 1964,
Bouchez 1977). On the other hand, they are also consist-
ent with the theoretical predictions of Etchecopar (1974)
for the initial stages of a deformation associated with a
pure shear flow regime. The concentrations of c-axes

mylonite foliation

Ju-66-Vv

Ju-82-v

Ju-69

Ju-84-2

Ju~70

Ju -87

Fig. 6. Rose diagrams showing traces of prismatic sub-grain boundaries. 100 data per diagram. Samples Ju-69 and Ju-70

provide two clear families at high angles to the mylonite foliation; on the contrary, in samples Ju-66-V, Ju-82-V, Ju-84-2 or

Ju-87 sub-grain boundaries display one single dominant orientation at a high angle (50-70°) to the mylonite foliation. This

change in preferred orientation of the sub-grain boundary traces is associated with the symmetry of c-axis patterns (see
Fig. 7).
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top
SW NE

bottom

Fig. 7. Preferred orientation of quartz c-axes measured in the mylonite zones of the Adra Nappe. The reference frame is

defined by mylonite foliation (Fm) and Ls-stretching lineation. Letters V and E refer to mylonitic veins of quartz and biotite

quartzites, respectively, in the same thin section. 150 measurements per diagram. Contours: 1,2, 3,4 and 25% (Ju-39; Ju-

48-V; Ju-48-E and Ju-73-V); 1,2, 3,5, 7 and 29% (Ju-66-V; Ju-66-E; Ju-69; Ju-70; Ju-75-V; Ju-81; Ju-82; Ju-83; Ju-84-2 and

Ju-121); 1. 2. 4, 5 and 27% (Ju-72; Ju-73-E and Ju-75-E); and 1, 5, 10, 15 and 225% (Ju-87). Lower-hemisphere, equal-
area plots.

near the X-axis could represent grains which have microstructures like kink-bands, which tend to reduce
remained in a blocking position during the deformation, the size of the grains and to prevent strain hardening
as a consequence of an unfavourable initial orientation processes. The Ju-156 sample, which comes from a
to become plastically deformed by intracrystalline quartz vein deformed during the deformation event
sliding. As pointed out by Etchecopar (1974) and Bou-  which originates the S,-foliation, is an extreme example
chez (1977) such grains will develop intracrystalline of a fabric with c-axes concentrated around X. This
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sample, which shows a high proportion of porphyro-
clasts with kink-bands parallel to the S,-foliation (Fig.
3a), can be interpreted as a microstructural domain in
which the quartz grains developed from former globular
porphyroclasts that have partially recrystallized so that
the new grains maintain a close orientation relationship
with the porphyroclasts (Poirier & Nicolas 1975, Post
1977, White 1977).

Downwards in the nappe towards the mylonite zones
along basal thrusts asymmetric single-girdles occur (Fig.
7); this suggests the predominance of a non-coaxial
component in the deformation near the thrusts. The
observed c-axes patterns in the mylonite zones can be
explained by intracrystalline (a)-slip mainly on the
(0001) plane and, to a lesser extent, on prismatic planes.
These slip systems explain the observed c-axis concen-
trations near the Z-axis and the Y-axis, respectively
(Bouchez 1977, Bouchez & Pécher 1981). Besides, they
attest that the mylonitization occurred at moderate
temperatures, which is consistent with the experimental
data (Nicolas & Poirier 1976).

A model for fabric transition in the Adra nappe

The quartz fabric of the Adra Nappe reflects a strain
variation into a coaxial regime in the interior of the
thrust sheets and a non-coaxial regime near the basal
thrust of each thrust sheet. As shown by previous fabric
studies, the kinematics of flow in mylonites frequently
depart from simple shear in numerous ductile shear-
zones. This fact has been interpreted in several ways: as
the result of the fabric partitioning in a multi-layer (Platt
& Behrmann 1986), by a local partitioning of the flow
regime for example, near a ramp (Law et al. 1984) and
also by the sensitivity of the fabric to a last coaxial
overprinting (Brunel 1980).

The quartz fabrics in the Adra Nappe could be inter-
preted as the result of flow partitioning during D3, in a
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similar way to those which have been documented by
Platt & Behrmann (1986) in the Sierra Alhamilla or by
Law et al. (1984) in Loch Eriboll; unfortunately, the
effects of the Dj-episode at high levels of the thrust
sheets, where quartz fabrics are mostly symmetric, are
negligible. As an alternative interpretation, we explain
the fabric transition across the Adra Nappe in terms of a
multi-stage evolution of the deformation which led to
symmetric c-axis patterns during D, and to asymmetric
c-axis patterns during D; (Fig. 8).

As has been indicated previously, the Adra Nappe
presents several sets of superimposed structures; how-
ever the structural framework corresponds to the S,-
schistosity, except near the thrust where the D,-
structures are usually obliterated by the mylonitization
(Fig. 3). These deformational events would also have
been recorded by the quartz fabric: the symmetrical
patterns of quartz c-axis associated to D, (Fig. 8a) would
only be preserved in domains furthest away from the
thrusts, whereas these fabrics would be substituted, to a
great extent, by asymmetrical single-girdles during the
Dj;-deformation, reflecting the simple shear regime
associated with the appearance of the thrusts of the Adra
Nappe (Fig. 8b).

The structural and petrofabric studies carried out in
the Adra Nappe also point to a quartz-fabric partitioning
within the mylonite zones: here we find a Ds-flow
partitioning between a pure-shear dominated flow at
high mylonite levels, where symmetric patterns pre-
dominate, and a simple-shear dominated flow near the
base, characterized by asymmetric single-girdles. How-
ever, even in these mylonite zones there is a fabric-
memory of the deformational events preceding the
mylonitization. This fabric-memory effect can be recog-
nized by the preservation of some symmetric diagrams
of quartz c-axes within the mylonite zones of the Adra
Nappe.

(i) The samples from lozenge-shaped enclaves of

Fig. 8. Evolution of quartz c-axis fabrics during the polyphase deformation of the Adra Nappe. (a) Under coaxial

conditions where D,-deformation occurs, the crystallographic preferred orientation of c-axes are always symmetrical in

relation to the reference frame, defined by S,. (b) Fabrics related to D, are preserved after the subsequent D;-deformation,

except in D;3-mylonite zones where they are replaced by single-girdle fabrics. However, some lozenge-shaped enclaves of
boudinaged quartzites within the mylonite zones also preserve pre-mylonitic c-axis fabrics.
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Fig. 9. Microstructural sketch, in XZ-section, of a mylonite with a
vein of quartz and a biotite-bearing quartzite characterized by a shape
foliation (f;) and S-C structures, respectively. Quartz c-axis fabrics
from these two domains have pronounced differences, as a conse-
quence of the high content of the biotite in the former. All the
kinematic criteria indicate a consistent top-to-the-NE motion.

quartzite surrounded by anostomosing mylonite bands
provide symmetrical fabric patterns. They show two
crossed-girdles in some cases (Ju-69; Fig. 6) or patterns
with c-axes distributed in the XZ-plane in others (Ju-48;
Fig. 6); in the latter case there is a tendency for the c-
axes to be clustered in two maxima at 45° from the
stretching lineation. We think these symmetric patterns
of c-axis can be interpreted as relics of the pre-mylonite
fabrics, given that within the enclaves the structures
produced during D, are preserved. This interpretation is
also supported by the similarities between these quartz
c-axis diagrams models and those obtained in the high
part of the thrust sheets.

(ii) Symmetrical patterns of c-axes also appear in the
mylonite schists with a high proportion (=220%) of
biotite. Usually they display two crossed-girdles,
although one of them is often more densely populated
than the other (Fig. 9). These L-S tectonics have asym-
metric pressure shadows around the garnet porphyro-
clasts and C-S$ structures (Fig. 9) which suggests that the
bulk deformation of these rocks involved a flow regime
close to simple shear. This interpretation is consistent
with the microstructures and c-axis fabrics of quartz
observable in mm-scale quartz veins parallel to the
mylonite foliation (Fig. 9); in fact, these quartz veins
show shape foliations and asymmetric single-girdles of
quartz c-axis, which also point to a non-coaxial defor-
mation. Besides, the sense of shearing provided by the
mylonite schists and by the quartz veins contained in
them is the same for the different types of kinematic
criteria considered (Fig. 9). It can be expected, there-
fore, that these small areas in which quartz vein and
mylonite schists co-exist, have approximately under-
gone the same flow regime of simple shear. This leads us
to attribute the fabric variation in these adjacent rocks
with the greater or smaller abundance of quartz in them,;
the grain sizes suggest, for example, that grain boundary
migration mechanisms were more effective in the veins
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than in the host schists, when the grain size in both is
compared (Fig. 3c).

The inclusion of micas at a small inter-particle space
not only restricts the growth of grains but also seems to
limit the effectiveness of the intracrystalline gliding in
the quartz. According to our interpretation not only the
intracrystalline gliding of the quartz but also the grain-
boundary sliding along biotite—quartz boundaries are
active mechanisms during the plastic deformation of the
mylonite schists of the Adra Nappe. This would favour
part of the quartz grains from the first coaxial fabric
remaining in a blocking position to be deformed by
intracrystalline gliding during the subsequent defor-
mation (see also Law et al. 1986). This hypothesis is
supported by the fact that when an S-tectonite is affected
by a simple shear deformation it channels part of the
deformation, reusing the pre-existing anisotropy planes
as sliding planes (Brunel 1986). Starting from this, we
propose that the two crossed-girdles of the mylonite
schists of the Adra Nappe could be interpreted as relics
of a coaxial fabric before the mylonitization, which
would only have been partially modified by the sub-
sequent simple shear deformation.

CONCLUSIONS

At a regional scale, quartz-fabric data in the Adra
Nappe show a strain partitioning into a coaxial regime at
the upper part of the thrust sheets and a non-coaxial
regime in the mylonite zones located near the basal
thrusts. This strain partitioning reflects the action of
several deformational events which lead to the develop-
ment of ductile thrusts in the Adra Nappe.

The variation in the quartz content of mylonite pro-
duces significant effects on fabric development. The
inclusion of micas at a small interparticle space not only
restricts grain growth of the quartz, but also controls the
evolution of crystallographic preferred orientations.
The dispersion of quartz c-axes in biotite-bearing
quartzites may indicate deformation resulting from a
combination of intracrystalline slip and grain boundary
sliding between the quartz and the biotite.

The variation of quartz c-axis fabrics across the Adra
Nappe can be explained by the ability of quartz fabric to
preserve successive events of crystal-plastic deformation
in different domains. Such fabric-memory can be recog-
nized within the mylonite zones of the Adra Nappe,
which preserve some c-axis patterns like those found at
higher levels, where the structural framework is defined
by pre-mylonitic structures.
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