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Abstract—Planar fabrics in small dextral shear zones in the Mushandike area of the Zimbabwe Archaean craton
consist of a sigmoidal primary foliation S displaced by discrete shears C or C'. These planar fabrics can be divided
into porphyroclastic, megacrystic and banded types, depending mainly on the values of the angles between §- and
C- or C'-surfaces, the structures that define S-surfaces, and the spacing of C- or C’-surfaces. The values of the
angles between the foliations are proposed as the basis for a general classification of planar fabrics in shear zones.
The values of the angles depend on microstructures and strain. Microstructural evidence shows that slip did not
occur on S-surfaces, but only on C- or ("-surfaces. A model for the development of the fabrics proposes that S-
surfaces lie parallel to the XY plane of the local finite strain ellipsoid in domains of simple shear between C-or C'-
surfaces. C’-surfaces may form in the orientation of a Coulomb failure surface. The field evidence suggests that
an increase in bulk strain is at least partly accommodated by an increase in local strain in domains between C- or
C’-surfaces as the S-surfaces rotate with the local finite strain ellipsoid.

INTRODUCTION

Many shear zones contain two planar fabrics that can be
divided into a sigmoidal penetrative foliation, and dis-
crete planar shears that displace the foliation. The
sigmoidal foliation is often referred to as an S-foliation,
and the slip surfaces or shears as C- or C’-surfaces
(Berthé et al. 1979), extensional crenulation cleavage or
ecc (Platt & Vissers 1980), shear bands or shear planes
(White ef al. 1980, Simpson 1986), or normal-slip crenu-
lations (Dennis & Secor 1987, 1990). The essential
features of these foliations are shown in Fig. 1, which is
also used to define the angular relationships between
them. Angle a is defined as that between the shear plane
and the local orientation of S-surfaces between C-or C’-
surfaces, and angle f is that between the shear plane and
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Fig. 1. Schematic diagram of planar fabrics in shear zones. a is the
angle between the shear plane and S-surfaces, § is the angle between
the shear plane and C'-surfaces.

C’-surfaces, which are inclined in the opposite direction
to the S-surfaces. C-surfaces are parallel to the shear
plane. In addition an angle 6 can be defined, which is the
angle between - and C- or C’-surfaces. ¢ is equal to a
between S- and C-surfaces, and 0 = o + f§ between S-
and C’-surfaces. The examples given below demonstrate
that these angles are a useful basis for the classification
of the fabrics in this study and others in the literature,
and that the angles depend on the pre-deformational
microstructure and strain.

Several theories for the origin and evolution of planar
fabrics in shear zones have been proposed (e.g. Ramsay
1967, 1980, Berthé et al. 1979, Platt & Vissers 1980,
Lister & Snoke 1984, Platt 1984, Dennis & Secor 1987,
1990). The theories have contradictory implications for
relationships between the bulk strain ellipsoid and the
foliations, and predict different values of ¢, § and d. For
example, S-surfaces are proposed as forming parallel to
the XY plane of the finite strain ellipsoid in simple shear
by Ramsay (1967, 1980), Berthé ez al. (1979) and Lister
& Snoke (1984), and therefore cannot be shear surfaces.
However, Platt (1984) suggested that slip could occur
along S-surfaces due to strain partitioning, while Dennis
& Secor (1987, 1990) propose that S-surfaces are shear
planes that are kinematically compatible with ‘normal
slip crenulations’, equivalent to C'-surfaces. The ques-
tion of whether shear occurs on S-surfaces is particularly
significant in distinguishing both theories and obser-
vations on S—C and $—C’ fabrics. Planar fabrics in shear
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Fig. 2. Location map of the study area in the Archaecan Zimbabwe
craton. The small box between Mashava and Masvingo is the area of
the top half of Fig. 3. Black areas are greenstone belts.

zones have also been investigated by a number of experi-
ments (e.g. Wilson 1984, Shimamoto 1989, Williams &
Price 1990), which reveal the development of the folia-
tions with strain particularly well. Understanding the
formation of these foliations is important because they
are widely used for determining shear sense (e.g. Simp-
son & Schmid 1983, Simpson 1986), although compli-
cations in their use as kinematic indicators have been
pointed out by Behrmann (1987).

A network of small shear zones that contain two
foliations i1s exposed in and around the Mushandike
granite in the Zimbabwe Archaean craton (Figs. 2 and
3). The shear zone fabrics are exceptionally well-
developed, and have a variety of forms. The shear zones
therefore provide an excellent opportunity to test the
theories mentioned above. We aim to describe and
classify shear zone fabrics formed during Archaean
deformation of the Mushandike area, to compare them
with other examples, and to compare different models
for the development of the fabrics in the light of the field
observations. These results may have wide significance
because the fabrics described here are similar to some
other published descriptions.

GEOLOGICAL BACKGROUND

The Mushandike ‘granite’ covers an area of 132 km”
between Mashava and Masvingo in the south part of the
Zimbabwe Archaean craton (Fig. 2). It is a fairly homo-
geneous, medium-grained granodiorite—tonalite, but
there are significant variations in K-feldspar content,
and inclusions of older gneiss (Wilson 1968). The granite
has been dated at 2917 + 171 Ma and 2946 + 134 Ma by
Rb-Sr and Pb-Pb methods respectively (Moorbath et al.
1987). Basic metavolcanics and metasediments of the
Bulawayan Group in the Mashava-Masvingo green-
stone belt with presumed ages of 2.7 Ga. overlie the
granite unconformably, and a number of amphibolite
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dykes belonging to the Mashaba Igneous Complex,
thought to be the remains of a magma chamber that fed
the overlying Bulawayan group volcanics, cut parts of
the Mushandike granite. The granite is intruded at its
northeast corner by a younger granite belonging to the
Chilimanzi suite of granites which have ages of 2.6 Ga.
(Wilson 1990).

Part of the southern margin of the Mushandike gra-
nite, together with Bulawayan metasediments and vol-
canics, are deformed within the Jenya-Mushandike
dislocation zone (JMDZ) (Wilson 1990). This is a major
regional structure over 100 km long, which to the west,
comprises the Jenya fault system, and to the east, south
of the Mushandike granite, consists of the Mushandike
shear zone (MSZ). The structural geology of the Mus-
handike area is dominated by two features. First is the
Mushandike shear zone itself, characterized by ESE
(110°) striking linear and planar fabrics. Second, to the
north of the MSZ are located a series of curved shear
zones, mostly dextral, which are convex to the south.
These shear zones contain similar structures to those of
the MSZ and probably developed at the same time as
penetrative dextral strike-slip movement on the MSZ
(Blenkinsop et al. 1990).

Where the shear zones cut granite or siliceous metase-
dimentary units they contain muscovite as a fabric defin-
ing phase. Similarly, where they cut amphibolitic units
they carry a recrystallized chlorite-free assemblage with
albitic plagioclases and sodic-poor actinolite—tremolite
amphiboles. These assemblages imply that shearing was
under upper greenschist facies conditions. Shearing
probably occurred in the late Archaean (Blenkinsop et
al. 1990).

SHEAR ZONE GEOMETRY

The curved shear zones located to the north of the
MSZ consist of segments of one to a few hundred meters
length, which may be aligned or in en échelon geom-
etries to a total of 1 km in length. The shear zone
orientation changes systematically from north to south
towards the MSZ. In the north, shear zones strike
between N and NE, but towards the south, the strike
changes to NE-ESE, so that shear zones become sub-
parallel to the ESE-striking MSZ and merge with it.
Within the southernmost shear zones, C'-shears, with
dextral displacement senses, parallel the strike of the
MSZ. Shear zones have vertical or sub-vertical dips. The
density of shear zones increases towards the MSZ (Fig.
3). Shear senses have been determined for the shear
zones on the basis of foliation geometries, asymmetrical
porphyroclasts, displaced dykes and small displaced
quartz veins. By far the majority of shear zones are
dextral, but about 10% are sinistral (Fig. 3). These have
more N-strikes and are concentrated in the north of the
granite. The sinistral shear zones are considered to have
formed in a conjugate orientation to the dextral shear
zones by Blenkinsop et al. (1990).
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Fig. 3. Shear zones in the Mushandike granite. MSZ—Mushandike shear zone. The lower half of the figure is a detailed map
of the boxed area in the centre of the top half. Concentric contours show the area of Mushandike reservoir. Mapping based
on Wilson (1968), Dhilwayo (1990), Muranda (1990) and the authors.

SHEAR ZONE FABRICS

Measurement of the angles @ and 8 present some
practical difficulties. The orientations of S-,C- and C’-
surfaces can be measured with the accuracy of the
compass-clinometer (+1°): 6 can then be calculated to

this accuracy. The strike and dip of the shear zones can
be estimated to +~5° on the outcrop, which gives a
lower accuracy for the values of a and 5. Another
potential difficulty in measuring o is the curved nature of
S-surfaces; however, o can be reliably measured from
the relatively planar central part of the S-foliation be-
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S-surfaces
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Fig. 4. Contoured stereoplots of poles to foliations and lincations in the Mushandike granite. All diagrams lower

hemisphere equal area projections, contoured on the surface of the projection sphere by Stereoplot (Mancktelow 1989).

Highest concentration of points in black, pole-free areas dotted. (a) All foliations measured in the Mushandike granite,

including foliations outside shear zones that are not classified as S-, C-, or C'. (b) S-surfaces. (¢) C- and C’-surfaces.
(d) Lineations.

tween (- or C'-surfaces. This study emphasizes the
more accurate measurements of 6, while « and 8 are
estimated within a range of values.

All the shear zones have strong vertical or sub-vertical
planar fabrics striking between N and E (Fig. 4a). Since
most shear zones are dextral, the average strike of C-
and C’-surfaces is clockwise to, or greater than, the
average strike of S-surfaces (Figs. 4b & ¢). Many shear
zones also contain a mineral lineation consisting of
quartzrods, elongate quartz porphyroclasts, or phyllosi-
licates. The lineations are horizontal or subhorizontal,
plunging gently to the west and locally southwest (Fig.

4d). All shear zone fabrics intensify to the south. Most
show stronger planar than linear fabrics, but linear
fabrics become relatively stronger towards the south.
S- and C- or (’-surfaces intersect in a line perpendicu-
lar, or at a high angle to, the shear direction, as defined
by the lineation on C- or C’-surfaces. There is a con-
siderable variation in morphology of the planar folia-
tions which depends on four factors: (1) the angles a, 3
and &, (2) the structures that define the S-surfaces, (3)
the spacing of the C- or C'-surfaces, and (4) the relative
strengths of S- and C- or C’-foliations. The first three
factors are most diagnostic of the fabric type. It is
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convenient to identify three end-member types,
although most fabrics are intermediate between these
end-members.

Porphyroclastic Type (Figs. 5a and 6a)

S-surfaces are defined by edges of quartz or feldspar
porphyroclasts, which generally have sigmoidal shapes,
with the edges of the porphyroclasts curving into C- or
C’-surfaces. Porphyroclast shapes can be lensoid or
quite irregular. C- or C'-surfaces are one to a few mm
apart. a is typically 20-30°, and § is 0-5°, so that these
are generally S—C rather than S—C’ fabrics. a is approxi-
mately equal to 6. The average value of d is 31° (24
measurements). The C- or C'-foliation is usually better
developed than the S-foliation.

Megacrystic Type (Figs. 5b and 6b)

S-surfaces are defined by planar edges of feldspar
megacrysts, which have rectangular or rhombohedral
shapes in the plane normal to foliation. The width of the
megacrysts (10-20 mm) defines the spacing between C'-
surfaces. a is usually 30—40° and 8 is 5-10°. « is therefore
less than J, which has an average value of 42° (42
measurements). These are generally S—C’ fabrics with
C’ stronger than S. Some megacrystic fabrics have very
high values of o due to the shapes of the feldspar
porphyroclasts that define $-surfaces.

Banded Type (Figs. 5c and 6c)

S-surfaces are defined by edges of quartz and musco-
vite bands several mm thick which curve into narrow C’-
surfaces spaced 10-20 mm apart. Typical values of both
a and g are from 15-25°. « is approximately equal to §
and both are about half of §, which has an average value
of 38° (38 measurements). S is usually more prominent
than C'.

The relations between o and § for the different fabric
types are summarised in Fig. 7. A histogram of 0 is
shown in Fig. 8, with negative values assigned to fabrics
where S-foliation is clockwise of C- or C'-foliation,
indicating sinistral shear senses. There are no significant
differences in the absolute values of 6 between sinistral
and dextral shear zones. The distribution is skewed
towards lower absolute values. Greater positive or nega-
tive values clearly come from megacrystic and banded
types, as observed in the field. A scatter diagram of
absolute values of 4 plotted against strike of shear zone
is shown in Fig. 9, which shows a trend of decreasing
with increasing strike. This geometry is consistent with a
southward decrease of & towards the MSZ. This trend
can be confirmed within each type of fabric separately.
The increase in shear zone density and the curvature of
shear zone orientation towards parallelism with MSZ in
the south of the Mushandike area show that bulk shear
strain increases in this direction. The intensification of
both planar and linear fabrics in shear zones together
with the increasing predominance of L-fabrics suggest
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that strains within individual shear zones increase and
thus become closer to plane strain to the south.

MICROSTRUCTURES

The essential microstructural features of all the shear
zones are due to crystal plasticity of quartz and the
breakdown of feldspar to muscovite which may cause a
volumetric component of strain. Porphyroclastic fabrics
have sigmoidal (o-type, Passchier & Simpson 1986) or
elliptical porphyroclasts of quartz, or sometimes feld-
spar, S mm long, composed of original grains about 0.3
mm long which have a moderate grain shape fabric,
undulose extinction, deformation bands, and serrated
grain boundaries (Fig. 10a). Asymmetric tails on por-
phyroclasts consist of much finer (0.03 mm) recrystal-
lized quartz grains. A few mica fish are seen, which have
been sheared along basal cleavage planes where these
are parallel to the C-foliation. The matrix consists of
very fine grained muscovite which anastomoses around
porphyroclasts and fish. S-surfaces are defined by edges
of porphyroclasts and the grain shapes of individual
quartz grains within them, while C-surfaces are defined
by narrow zones (0.1 mm) of very fine grained musco-
vite.

The megacrystic fabric consists of rectangular or
rhombohedral plagioclase, orthoclase or perthite
megacrysts, which are pervasively altered to very fine-
grained sericite, particularly in the case of plagioclase
grains. Recrystallization of K-feldspar megacrysts to
small equant grains of quartz and alkali feldspar (0.03
mm) occurred along their margins (Fig. 10b). Ribbons
of elongate quartz grains with serrated margins are
parallel to the megacryst margins. Fine-grained quartz,
feldspar, muscovite, chlorite and sericite comprise the
matrix, which has a much lower proportion of phyllosili-
cates than the porphyroclastic type. S-surfaces are de-
fined by the straight edges of feldspar megacrysts, as well
as quartz ribbons and individual quartz grain shapes. C-
or ('-surfaces are defined by zones of similar size to
those in the porphyroclastic type, but are filled mainly by
very fine-grained quartz rather than muscovite.

The most prominent microstructure of the banded
fabrics are sigmoidal ribbons of both quartz and feldspar
from 0.5 mm to several cm long and 0.5 mm~1 cm wide
(Fig. 10c). Quartz grains within the ribbons are 0.3 mm
long and have a good shape fabric, serrated grain bound-
aries, and deformation bands that are commonly orien-
tated sub-perpendicular to the edges of the ribbons.
Feldspar grains are (0.4-0.5 mm. Ribbons are separated
by bands of fine-grained muscovite 0.5 mm wide, with
abundant kink bands. S-surfaces are defined by the
relatively straight section of ribbon boundaries near the
inflexion point, and quartz grain shapes. C’-surfaces are
narrow zones or surfaces of shear with rather variable
values of 3, along which recrystallization of quartz
occurs to a finer grain size (Fig. 10c).

A crucial feature of all types of fabric is the difference
between §- and C- or C'-surfaces. C- or C’'-surfaces are
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always planar and show evidence for localized shear
displacement from deformation of S-surfaces (Fig. 10)
and shearing of muscovite along basal planes. Higher
strain (or a higher rate of recrystallization) on C- and C'-
surfaces is shown by a higher proportion of fine,
dynamically-recrystallized grains along these surfaces
(Fig. 10). In contrast, S-surfaces are curved and never
displace C- or C’-surfaces, even when the S-surfaces are
confined to the edges of rigid feldspar porphyroclasts or
megacrysts (Figs. 10a & b). Muscovite laths parallel to S-
surfaces are never sheared synthetically to the overall
sense of shear, but occasionally they are sheared antithe-
tically, in a geometry similar to that illustrated for mica
fish by Lister & Snoke (1984). Therefore synthetic shear
has not occurred on S-surfaces, even by infinitesimal
displacement along pervasive shears, because this would
be visible from deformation of C- or C’-surfaces around
rigid porphyroclasts.

DISCUSSION

Theories for development and orientation of planar
fabrics

Platt & Vissers (1980) suggested that shear bands
form by the development of shears (C- or C’-planes)
close to the direction of maximum shear strain rate (slip
lines), during deformation of materials with a pre-
existing anisotropy which defines the S-foliation. White
etal. (1980) also concluded that shear bands develop as a
consequence of anisotropy formed in an earlier stage of
deformation. A single set of shear bands at alow angle to
the shear plane and with a fixed angle to an internal -
foliation would form in the simple example of non-
coaxial deformation given by Platt & Vissers (1980). The
spread of 0 and its systematic variation (Figs. 8 and 9)
suggests that shears did not develop along surfaces of
maximum shear strain with a fixed value of o in the
Mushandike fabrics.

Platt (1984) suggested that shear bands or extensional
crenulation cleavages form due to flow partitioning in a
zone of overall simple shear. Slip may occur along single
sets of discrete surfaces parallel to S-foliation which
separate domains of stretching parallel to S-foliation.
The ecc and the S-foliation rotate towards the shear
plane. However, there is no evidence for extensive shear
on surfaces parallel to S-foliation on any scale in the
fabrics described here (see above), although it is not
possible to completely rule out some slip on rare surfaces
parallel to §, or coaxial stretching parallel to S-foliation.
Alternatively, slip may occur along ecc-surfaces with
shortening parallel to the ecc, which rotates away from
the shear plane with progressive shear. The observation
that g does not change systematically towards the MSZ
in any single type of shear zone fabric suggests that C'-
surfaces did not rotate with increasing strain. This is also
suggested by the planar nature of C'-surfaces: if signifi-
cant rotations occurred in a material with discontinuous
C’-surfaces, strain incompatibilities would distort in-
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itially planar surfaces, as observed experimentally by
Shimamoto (1989). There is some evidence that neither
of Platts’ two models, or intermediate situations, may
apply to these fabrics. Likewise, lack of synthetic shear
on S-surfaces suggests that the Mushandike shear zone
fabrics did not form in the manner demonstrated by
Dennis & Secor (1987, 1990).

An alternative model for these shear zone fabrics
starts by considering that S-surfaces lie parallel to the
XY plane of the local finite strain ellipsoid, and that C-
surfaces are zones of concentrated strain. The local
finite strain ellipsoid represents the strain in domains
between C-surfaces, which are separated by a few milki-
metres. The total shear strain will therefore be the sum
of a simple shear in domains between C-surfaces, and a
concentrated shear along the C-surfaces themselves. a
will follow the familiar relationship:

tan 2a = —2/fy

where y is the simple shear in these domains (cf. Ramsay
1967, 1980). This model assumes that there is no shear
parallel to S-surfaces, and that C-surfaces will be parallel
to the shear plane. This simplest case is similar to the
model of Berthé ez al. (1979). We believe that this simple
account of S-surfaces is appropriate to most of the
fabrics described here, firstly because S-surfaces within
the shear zones are identical in appearance and continu-
ous with foliations adjacent to shear zones in foliated
granite. Secondly, slip did not occur on S-surfaces.
Thirdly, the intersection between S- and C- or between
S- and C’-surfaces is perpendicular or at a high angle to
the stretching lineation, indicating that little slip
occurred oblique to the shear direction, and that $-
surfaces can therefore be parallel to the local XY plane.
Finally, long axes of deformed quartz grains, which can
be assumed to be parallel to the X-axis of the local finite
strain ellipsoid, are also parallel to the S-foliation in
sections perpendicular to the foliation and parallel to the
lineation.

We extend the simplest case of S- and C-surfaces to
include C’-surfaces, which are also zones of concen-
trated strain, but inclined to the shear plane at an angle
B. We suggest that the S-surfaces also follow the XY
planes of the local finite strain ellipsoid in domains of
simple shear between (C'-surfaces. 6 will therefore also
have the same relationship to y as that given above for a.
S is commonly 15-25° in banded fabrics, and C'-surfaces
are therefore geometrically analogous to Riedel shears
observed in simple shear experiments and fault gouges
(e.g. Rutter er al. 1986) and in strike-slip fault systems
(e.g. Sylvester 1988). The geometrical similarity be-
tween shear surfaces in ‘brittle fault zones’ and S-C
mylonites has been noted by Evans & Dresden (1991).
Pursuing this analogy further, we suggest that C’'-
surfaces form in the orientation of a Coulomb failure
surface at an angle of less than 45° to the maximum
principal stress. C’-surfaces and these values of § are
common when there is large mechanical anisotropy in
shear zones with banded fabrics. The precise orientation
of C'-surfaces will be affected by the anisotropy, which
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Fig. 5. 5-C and $—C’ fabrics in shear zones in the Mushandike granite. All photographs are perpendicular to S, C, or C” and
parallel to lineation, and show dextral shear sense. The shear zone boundaries are horizontal. (a) Porphyroclastic type.
Diameter of pen is 10 mm. (b) Megacrystic type. (¢) Banded type.
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Fig. 10. Microstructures of typical examples of fabrics in the Mushandike shear zones. All sections are perpendicular to S,

C, or C" and parallel to lineation, and show dextral shear sense. (a) Porphyroclastic fabric showing o-type asymmetrical tail.

(b) Megacrystic fabric. Feldspar megacryst (F) controls the orientation of S- and C’-surfaces. Recrystallization of the

megacryst can be seen on the face parallel to S. (¢) Banded fabric, showing a quartz band surrounded by muscovite bands.
Quartz is recrystallizing to a fine grain size along the C’-surface.
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Fig. 6. Schematic diagrams of S-C and S—C’ fabrics in shear zones in
the Mushandike granite. (a) Porphyroclastic type. (b) Megacrystic
type. (c) Banded type.

may explain the difference in § values between the
megacrystic and banded fabrics. Control of shear band
orientation by anisotropy was suggested by Passchier
(1984) for his type IT and type III shear bands. Coulomb
failure may not, however, be an adequate explanation
for all C’-foliation, since C’'-foliation is observed in
rocks deformed under amphibolite facies conditions.
Although the behaviour of C’-surfaces with strain is not
clear, the evidence presented above suggests that they
have not rotated significantly with strain.

There is some additional evidence that C'-foliation
forms in a different way from C-foliation. C-foliations
contain both quartz and muscovite, while the C’-
foliations contain only quartz. This implies large
changes from the initial granite composition in the
formation of C’-foliation, which could occur by local
volume-loss removal of all phases except quartz, or by

B g
crysti
»
Porphyroslastic
s '
10° 20° 30 40 50°
o —»

Fig. 7. Approximate range of a and g values for porphyroclastic,

megacrystic, and banded types of fabric. The range of values for each

type is indicated by the area covered by the relevant symbol. Diagonal
lines are lines of constant d.
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local volume increase by addition of quartz, or some
combination of these two that could be isovolumetric.
Chemical evidence for volume increase during forma-
tion of extensional crenulation cleavages was reported
by Behrmann (1984).

The model for the formation of these fabrics thus
consists of S-foliation forming parallel to the XY plane
of the local finite strain ellipsoid in between discrete
shears that are either parallel to the shear zone bound-
aries (C-foliation) or slightly oblique (C’-foliation). C’'-
foliation forms in the orientation of Riedel shears, and
may be influenced by anisotropy. This model differs
from several others (e.g. Burg 1987, Ghisetti 1987,
Berthé et al. 1979) by combing the explicit recognition
that the S-foliation reflects a local finite strain in volumes
between discrete shears with an account of the forma-
tion of C'-surfaces. The total finite strain must also
include the contribution of strain on the discrete shears,
Cor (.

This model predicts that the value of é decreases as y
increases in domains between C-surfaces or C’-surfaces
increases. Figure 9 shows that J decreases, largely due to
a decrease in «, as shear zone strike approaches the
strike of MSZ, towards the south of the Mushandike
granite. Higher shear strains on individual shear zones
towards the south are inferred from more intense S- and
C- or C'-foliations in these shear zones. The field evi-
dence therefore suggests that at least part of the higher
total finite strain in the shear zones is due to rotation of
the S-foliation between C- or C’'-shears and an increase
in local strain in these domains. A detailed analysis of
this would require bulk and local strain measurements,
which cannot be made because there are no suitable
strain markers.

Slip on C'-surfaces cannot accumulate while preserv-
ing overall simple shear unless some compensating
mechanism operates. Although it is attractive to confine
models to overall simple shear, the discontinuous geom-
etry of the shear zones, separated by foliated granite,
suggests that shear zones may not evolve as continuous
zones of simple shear. They may have an en échelon
geometry, or become separated along subsequent shears
(Fig. 3). A non-simple shear model of shear band
evolution has been also suggested by Passchier (1991),
who maintains that shear bands rotate towards the shear
plane and contribute a component of extension parallel
to the shear zone.

The model must be modified for low strain states of
megacrystic fabrics. In these fabrics, the orientation of
S-surfaces is controlled by faces of rectangular or rhom-
bohedral feldspar megacrysts which have one pair of
faces parallel to C’-surfaces and the other pair sub-
perpendicular to C’-surfaces in the section perpendicu-
lar to foliation and parallel to the shear direction (Fig.
6b). This geometry gives large 6 values, which may
decrease with strain because o decreases as recrystalliza-
tion of feldspars occurs.

Questions about the timing of formation of foliations
in shear zones have provoked considerable discussion
(e.g. Lister & Snoke 1984). Because C- and (’-foliations
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Fig. 8. Histogram of 4 subdivided by type of fabric. Negative values are for S-surfaces anticlockwise of C- or C’'-surfaces
indicating sinistral shear sense. Measurements made before the classification was devised are included in the ‘uncertain’
category.

are always and exclusively restricted to shear zones
where S-foliations are also intense, it is likely that S-, C-
and C’-foliations in the Mushandike shear zones belong
to a single progressive deformation. Furthermore, the
orientation of C- and C’-foliations changes sympatheti-
cally with S-surfaces, suggesting that they are not a later
regional overprint. Mineral assemblages, deformation
mechanisms and deformation conditions are common to
S-, C- and (C’-surfaces, also indicating that they formed
coevally (cf. Burg 1987). None of the models discussed
here considers the complications introduced by reacti-
vation of structures as discussed in detail by Lister &
Snoke (1984). Reactivation may be an additional reason
for differences in interpretation of S—C and S—C’ fabrics.

Comparison of Mushandike fabrics with other field-
based studies

Most of the Mushandike fabrics are closer to the type
category of Lister & Snoke (1984) because continuity is
often preserved across C-surfaces, and few large mica
fish, which characterize type 1I fabrics, are observed.
However, the relative strengths of S- and C- or C'-
foliations are variable and therefore the fabrics do not

casily fall into the Lister & Snoke classification, in which
type I fabrics have stronger S-surfaces. Other recent
descriptions of shear zone fabrics have similarities with
the results reported here. Examples of fabrics which
appear similar to our porphyroclastic type include the
C-S fabrics of Balé & Brun (1989) and the fabrics
described by Stuart-Smith (1990). Tyler & Griffin (1990)
show a fabric in their fig. 4(e) which is very similar to our
megacrystic type, and the C’—S fabrics of Balé & Brun
(1989) and fabrics described by Culshaw (1991) have
strong similarities with our banded type.

Numerous studies have reported a decrease in 6 with
strain as observed here (e.g. Zee et al. 1985, Burg 1987,
Ghisetti 1987, Balé & Brun 1989, Scheuber & Andries-
sen 1990, Rykkelid & Fossen 1992). Burg (1987) and
Ghisetti (1987) treated the S-foliation as the XY plane of
the finite strain ellipsoid. The difference between these
studies together with this report, and the models and
observations of Platt & Vissers (1980), Platt (1984) and
Dennis & Secor (1987,1990), in which slip occurs on S-
surfaces may reflect the fact that different fabrics form
and evolve in different ways. A single model is probably
inadequate to describe all shear zone fabrics, even
though they may have apparent similarities.
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Fig. 9. Absolute values of d plotted against the strike of the S-surface for each type of fabric.
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Experimental investigations of shear zone fabrics

Shear bands were developed experimentally in ice-
mica models by Wilson (1984). The experiments show
that differentiation can develop as a result of mechanical
processes involving early shear sub-parallel to a pre-
existing foliation, and rotation of the foliation into the
XY plane of the bulk strain ellipsoid. The latter process
was also described from experiments on KCl/mica
schists deformed in simple shear by Williams & Price
(1990) and may be relevant to the formation of banded
fabrics.

Simple shear experiments on cooking salt by Shima-
moto (1989) have considerable relevance to this study
because of the experimental geometry, and because
both halite and undeformed Mushandike granite have
isotropic textures. In the experiments, an S-foliation
formed parallel to the XY plane (as also observed in
experimentally deformed quartzites by Dell’Angelo &
Tullis 1989), and after a critical shear strain, localization
occurred on Riedel (R1) and Y shears. R1 shears formed
in the predicted Coulomb failure orientation. Shears
were rotated and distorted by subsequent deformation.
The formation and orientation of foliation parallel to the
XY plane and the formation of R1 shears in the pre-
dicted Coulomb orientation in these experiments corre-
spond with the predictions of our model, and lend
additional support to the model because the experi-
ments are based on simple shear of an initially isotropic
material.

CONCLUSIONS

S—C and S—C’ fabrics can be described by the angles a,
B and 6 (Fig. 1). Using these parameters, fabrics in small
dextral shear zones in the Mushandike area of the
Zimbabwe Archaean craton can be classified into por-
phyroclastic, megacrystic, and banded types (Fig. 7).
This classification seems to be applicable to several other
recent descriptions of S—C and S-C’ fabrics from field
examples and experiments, and a plot of « vs § such as
Fig. 7 summarizes the classification. Variations in the
values of a, 8 and ¢ are controlled by both strain and
microstructure. 0 decreases with strain in all types.

We have found some evidence that several previous
theories for S—-C and S—C’ fabrics do not fit the Mushan-
dike fabrics. Instead, we suggest that S-surfaces lie
parallel to the XY plane of the local finite strain ellipsoid
tn domains between discrete shear on C- or C’-surfaces.
C’-surfaces may form as Riedel shears in the orientation
of a Coulomb failure surface in a simple shear zone, and
their development may be controlled by anisotropy. The
way in which C’-surfaces evolve with strain is uncertain,
but there is some evidence that their orientation does
not change significantly. Increase in total strain on shear
zones in the Mushandike area is at least partly accommo-
dated by rotation of S-surfaces with the local finite strain
ellipsoid in domains between C- or ('-surfaces. This
model accounts satisfactorily for the main features of the
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fabrics observed in this study, although in view of the
evidence from other studies, S—C and $—C' fabrics may
form in more than one way.
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