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Abstract

Ghosh and Ramberg [Tectonophysics 34 (1976) 1-70] studied the two-dimensional (2-D) rotational behaviour of individual rigid particles
embedded in a viscous medium subject to simple shear and transpression (S, > 0), at low/medium shear strains. We now extend this
theoretical study to transtension (S, < 0) by deriving a new analytical solution, to non-interacting populations of rigid particles and to high
shear strains. We used different initial orientations of particles in the same graph to simulate populations of particles in an originally isotropic
rock. Our results show that: (1) shape preferred orientations (SPOs) developed in viscous simple shear flow are transient and cyclical, except
for particles with aspect ratio = oo (or material lines), which tend to the shear direction; (2) stable SPOs can develop in transpression; they
dip towards the shear sense but, when defining an S/C structure with the shear foliation, this composite fabric is always antithetic and, thus,
indicates the wrong sense of shear; (3) stable SPOs can also develop in transtension; they dip opposite to the shear sense but, when defining an
S/C structure with the shear foliation, this composite fabric is always synthetic and, thus, indicates the correct sense of shear; (4) SPOs
produced in transpression or transtension can be used as vorticity gauges only when they represent stable orientations, which must be

demonstrated a priori.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Many are the situations in nature in which rigid
particles rotate within viscous fluids and can develop a
shape preferred orientation (SPO). This is the case for
magmatic flow (either intrusive or extrusive), flow in
ductile shear zones and flow in sedimentary processes.
For instance, ductile high-shear strain zones typically
comprise porphyroclasts embedded in a finally recrystal-
lized matrix. If flow inside them were simple shear, if
Jeffery’s (1922) theory were directly applicable and if
channelling problems did not take place (Marques and
Coelho, 2001), then all porphyroclasts would show signs
of rotation: (1) if metamorphic conditions allowed
formation of recrystallization tails, then shear zones
would be dominated by rolling structures (Van den
Driessche and Brun, 1987) and/or by & structures
(Passchier and Simpson, 1986); (2) if tails did not
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form, signs of synthetic rotation of clasts should be
observed in the surrounding shear foliated and ductile
matrix (e.g. Ghosh and Ramberg, 1976; Arbaret et al.,
2001 and drag folds of Rosas et al., 2002). Why, then,
are rolling structures not so common in many known
ductile shear zones? Possible answers to this question are:
(1) the flow inside the shear zone is an association of
pure shear and simple shear, with compression normal to
the shear direction (2-D transpression; Fig. 1A). The pure
shear component can inhibit rotation of the particles as
shown by Ghosh and Ramberg (1976) (see also
Bretherton, 1962; Gay, 1968; Willis, 1977; Freeman,
1985; Jezek, 1994; Jezek et al., 1994, 1996). (2) The flow
inside the shear zone is confined. If the ratio between
particle least axis and width of shear zone is small,
synthetic rotation can be inhibited, and even antithetic
rotation beyond the shear plane is possible (Marques and
Coelho, 2001). (3) A slipping matrix/particle interface
(Ildefonse and Mancktelow, 1993; Marques and Cobbold,
1995; Marques and Coelho, 2001). The experimental
work of Ildefonse and Mancktelow (1993) showed that a
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Fig. 1. Schematic representation of reference frames and angles used in the
text. (A) 2-D transpression and 2-D transtension with arrows indicating the
simple shear (S) and pure shear (P) components. Shaded areas represent
quadrants where stable and metastable positions are possible. (B) X is
parallel to the shear direction of the simple shear component and to
compression of the pure shear component in transtension, and Y is parallel
to compression of the pure shear component in transpression. The angle of
rotation (¢) of particles is measured from Y and is positive clockwise in
dextral simple shear. ¢s represents a stable orientation and ¢ a metastable
orientation. a and b are the principal axes of the particle, and its aspect ratio
(R) equal to a/b. Quadrants 1—4 are represented by Q,,.

slipping interface induces a slower rotation, and suggests
that the inclusion tends to stabilise with its longest axis
parallel to the shear plane (they worked at low shear
strains and thus extrapolations to higher strains are not
applicable) (see also Arbaret et al., 2001). (4) The flow
inside the shear zone is an association of pure shear and
simple shear, with compression parallel to the shear
direction (2-D transtension; Fig. 1A). Again, the pure
shear component can inhibit rotation of the particles, as
we will show in the present study.

Ghosh and Ramberg (1976) (see also Reed and
Tryggvason, 1974) investigated the 2-D rotation of single
particles, in low shear strain intervals, in simple shear and
transpression (S; > 0). We now extend their theoretical
work to transtension (S; < 0), to high shear strains (y > 10)
and to populations of non-interacting particles. This allows

the investigation of: (1) new stable orientations; (2) SPOs;
(3) the behaviour of composite structures (like S/C) with
progressive shear strain, and their use as criteria for the
determination of shear sense; (4) vorticity gauges. The
results are valid for plane strain, i.e. with no extension or
contraction along the direction of the vorticity vector.

Ildefonse and Fernandez (1988) and Ildefonse et al.
(1992a,b) investigated the rotational behaviour of popu-
lations of interacting rigid particles (dense suspensions) at
low shear strains. We now investigate the rotational
behaviour of populations of non-interacting rigid particles
in a wide range of shear strains. It is also not the aim of the
present work to investigate the effect of particle shapes on
the rotational behaviour of rigid particles as done by Willis
(1977) and Fernandez et al. (1983).

The concentration/dispersion of orientation of particles
can be qualitatively evaluated from observation of con-
vergence/divergence of curves in the graphs presented in
this study. However, for a quantitative evaluation, we added
to some of the graphs the curve that reflects the intensity of
the fabric, i.e. the percentage of particles that define the
SPO. Maximum concentration is given by 100% (all
particles have identical orientation) and maximum dis-
persion is given by 0%.

2. 2-D rotation of rigid particles in a viscous matrix

Based on Jeffery’s (1922) theory, Ghosh and Ramberg
(1976) derived the equations for the 2-D rotation of
elliptical rigid particles embedded in a viscous matrix
subjected to simple shear or to a combination of pure and
simple shear (2-D transpression). They showed that
reorientation depends on the ratio between the rates of
pure and simple shear components (S, = €/7), on particle’s
orientation (the angle of the particle’s longest axis with the
normal to the shear direction—¢ ) and on particle’s aspect
ratio (R = a/b; Fig. 1B). When S; = 0 flow is simple shear
and when S, = oo flow is pure shear. ¢ = 0° when the
particle’s long axis is parallel to Y and ¢ = 90° when
parallel to the shear direction (X). Positive angles are
measured clockwise (Fig. 1B) from ¢ = 0° and considered
synthetic in top to the right sense of shear. The rate of
rotation of rigid elliptical particles by a simultaneous
combination of simple and pure shear is given by equations
3 and 4 of Ghosh and Ramberg (1976) and equation 5 of
Ghosh (1977):

Y(R*cos’ ¢ + sin’ ¢b)
R*+1

é,(R* — 1)sin2¢
R*+1

é=

whose solutions show that: (1) inclusions rotate at different
angular velocities depending on ¢, with the exception of
inclusions with R = 1, which rotate continuously and at a
constant rate given by y/2; (2) for each S, value there is a
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Fig. 2. (A) Graph illustrating the cyclic character of particle rotation and variation of ‘ramp/flat’ geometry depending on R and shear strain. Rotation of the
greatest axis of the strain ellipse is also added for comparison. (B) and (C) Analytical solutions for rotation of populations of particles with R = 3 and R = 10,
respectively, starting at different ¢;. (C) From (A) to (B), i.e. during approximately 12 v, there is a synthetic C/S fabric that fades away towards (B). From (B) to
(C) (again 12 vy), an antithetic C/S fabric slowly develops. At ca. 31 v, a new cycle begins. The intensity curve was added (dashed) for a quantitative evaluation
of dispersion of particle orientations.
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critical aspect ratio (R.y,), given by:

1 ++/1+48?
28,

T

Rcrit =

which defines the way particles rotate. If R > R, rotation
stops at a stable orientation (¢s of Ghosh and Ramberg,
1976, equation 8b):

bs = taufl[—sr(R2 — 1) = SHR? — 1)~ RZ]

which is equivalent to a sink or fabric attractor as defined by
Passchier (1987, 1997). There is also a metastable
orientation, the ¢ of Ghosh and Ramberg (1976); if
R < R, the particle rotates continuously and syntheti-
cally. In simple shear R.; = o and, thus, natural rigid
inclusions rotate continuously and synthetically. This means
that there is no fabric attractor for such rigid inclusions in
simple shear.

2.1. Reorientation of rigid particles in viscous simple shear

To better understand the behaviour of individual particles
and to study the 2-D fabrics that can develop by rotation of
non-interacting populations of rigid particles in viscous
simple shear, we expanded graphs 5 and 6 of Ghosh and
Ramberg (1976) to higher vy and to different initial
orientations (to simulate populations of particles), with
different values of R (3 and 10) (Fig. 2), by using their
equation 12, because there are no stable orientations.

Analysis of graphs for R = 3 and R = 10 (Fig. 2B and C)
shows that: (1) SPO defined by longest axes of rigid
particles develops cyclically; (2) the SPO lasts for longer for
R = 10; (3) a closer look at the graph for R = 10 (Fig. 2C)
reveals that: (i) in a (y= 3), a conspicuous SPO is
developed due to reorientation of most particles at a ¢ of
ca. 70-80° (antithetic dip of 10-20° with the shear
direction; see Fig. 1B), which can be enhanced by
plastically deforming minerals (coincident with e; of the
finite strain ellipse); (ii) from a to b, the SPO becomes more
intense and slowly tends to the shear direction; (iii) in b
(y=16) the SPO is statistically parallel to the shear
direction; (iv) from b to ¢ (y = 29) the SPO becomes less
intense and slowly moves away from the shear direction.

2.2. Reorientation of rigid particles in viscous transpression

2-D transpression is a combination of pure shear and
simple shear, with compression of pure shear component
normal to shear direction (Ghosh and Ramberg, 1976) (Fig.
1A) and S, > 0. We used their equation 12 when B 2 < AC,
and their equation 11 when B 2> AC (see Section 2.3). The
major difference between transpression and simple shear is
that, for the former, there are stable orientations (¢s) for
particles with R ; < R < oo.

2.2.1. R = 3 and variable S,

For §; = 0.1, 0.25 and 1.0, R;; = 10.10, 4.24 and 1.62,
respectively. Thus, particles with R = 3 rotate continuously
and synthetically for S, = 0.1 and 0.25, and have a ¢5 for
S; = 1.0. For R = 3 and S, = 0.1 (equation 12 of Ghosh and
Ramberg, 1976) (Fig. 3A), a fairly intense SPO is produced
only by particles with ¢; between —40° and 60°. This fabric
lasts for about 6 vy, with variable sense of dip relative to the
shear direction, but mostly synthetic, before particles spread
apart and enter a new cycle. For R=3 and S, = 0.25
(equation 12 of Ghosh and Ramberg, 1976) (Fig. 3B), an
intense fabric is produced by particles with ¢; between
—50° and 80°. The SPO lasts for about 10y, with a
synthetic dip, before particles spread apart and enter a new
cycle. For R =3 and S, = 1.0 (equation 11 of Ghosh and
Ramberg, 1976) (Fig. 3C) all particles tend to a stable
orientation with a synthetic dip of about 4° with the shear
direction. Antithetic rotation takes place for particles with
¢; between —30.2° and — 86.3°.

2.2.2. R = 10 and variable S,

For S, =0.1, 0.25 and 1.0, R = 10.10, 4.24 and
1.62, respectively. Thus, particles with R = 10 rotate
continuously and synthetically for S, = 0.1, and have a
¢s for S, =0.25 and 1.0. For R=10 and S,=0.1
(equation 12 of Ghosh and Ramberg, 1976) (Fig. 4A) an
intense SPO is produced by particles with ¢; between
—60° and 90°. The SPO can last for about 200 vy, with a
synthetic dip (except for the very initial stage of a cycle;
Fig. 4A), before particles spread apart and enter a new
cycle. For R =10 and S; = 0.25 (equation 11 of Ghosh
and Ramberg, 1976) (Fig. 4B) all particles tend to a
stable orientation with a synthetic dip of about 1.2° with
the shear direction. For R = 10 and S, = 1.0 (equation 11
of Ghosh and Ramberg, 1976) (Fig. 4C) all particles tend
to a stable orientation with a synthetic dip of about 0.3°
with the shear direction.

Analysis of graphs for R = 3 and R = 10, in transpres-
sion (Figs. 3 and 4, respectively), shows that: (1) when there
is no ¢s, SPOs can be intense but are transient; (2) for
identical R, the transient SPO lasts for longer for higher
values of S;; (3) transient SPOs are more intense and last for
longer for R = 10 than for R = 3, at identical S;; (4) the
greater the R and S,, the more intense the SPO, its
orientation being very close to the shear direction. However,
measuring such angles in natural rocks would be virtually
impossible; (5) when there is a ¢s, the most intense SPO is
developed early in deformation, especially if R and S, are
reasonably high; (6) Stable positions, and most transient
SPOs in 2-D transpression dip synthetically, and can,
therefore, give rise to antithetic composite fabrics like S/C
fabrics.

2.3. Reorientation of rigid particles in viscous transtension

Transtension is here considered a 2-D combination of
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Fig. 3. Analytical solutions for rotation of particles in transpression, with R = 3 and S, = 0.1 (A), 0.25 (B) and 1.0 (C), starting at different ¢;. Note that: (i) ¢s
only exists for S, = 1.0; (ii) duration of the SPO in (A) and (B) is directly dependent on S;; (iii) there is back rotation in (C), for particles with ¢; between

—30.2° and —86.3°.
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pure and simple shear, with compression of pure shear
component parallel to the shear direction (Fig. 1A) and
S; < 0. Ghosh and Ramberg (1976) derived the equations
for the rate of rotation of inclusions in 2-D transpression by
adding the rotation rates of simple and pure shear (their
equations 1 and 2, respectively). In 2-D transtension, the
rate of pure shear is negative because of opposite sense of
the pure shear component relative to 2-D transpression (Fig.
1A). Then, equation 3 of Ghosh and Ramberg (1976):

b= Y(R?cos>p +sin’)  €,(R* — 1)sin2¢
B R +1 R +1

becomes:

b= Y(R*cos’ ¢ + sin’ ) B €.(R* — 1)sin2¢
B RP+1 R +1

Their equation 12:

| vAC — B?
¢ = tan ‘[ 7tan{y\/AC - B>+

C
tan"! Ctangy +B\| B
VAC — B? C
becomes:

—(_R?
¢ =tan~ [ AC ( B tan{yﬁAC—( B)? +

Ctangy + (—B)
tan
VAC — (—=B)?
where:
R2
R
_ SR = 1)
R+
and
1
R+
Equation 11 of Ghosh and Ramberg (1976):

P(B+ VB* —AC) — B+ VB — AC

¢ =tan

c(-P)
becomes:
_ P(~B+ VB> —AC) + B+ VB* — AC
=t

¢ = tan c(l-P) ’
where

Ct — B? —
p = Clando ~ (2 AC)

Ctan¢y — B + VB* —

because B is a function of §,, which changes sign in
transtension.

2.3.1. R = 3 and variable S,

For S, = —0.1, —0.25 and — 1.0, R;;y = 10.10, 4.24 and
1.62, respectively. Thus, particles with R =3 rotate
continuously and synthetically for S, = —0.1 and —0.25,
and have a ¢s for S; = —1.0. For R = 3 and S, = — 0.1 (Fig.
5A) a fairly intense SPO is produced only by particles with
¢; between —40° and 50°. This fabric lasts for about 6 v,
with variable sense of dip relative to the shear direction but
mostly antithetic, before particles spread apart and enter a
new cycle. For R =3 and S, = —0.25 (Fig. 5B), a fairly
intense fabric is produced by particles with ¢; between 50°
and — 60°. The SPO lasts for about 10 7y, with an antithetic
dip, before particles spread apart and enter a new cycle. For
R =3 and S, = — 1.0 (Fig. 5C) all particles tend to a stable
orientation with an antithetic dip of about 60° with the shear
direction, defining an SPO at low values of shear strain
(y = 2). Antithetic rotation takes place for particles with ¢;
between 30.2° and 86.3°.

2.3.2. R = 10 and variable S,

For S, = —0.1, —0.25 and — 1.0, R;;; = 10.10, 4.24 and
1.62, respectively. Thus, particles with R = 10 rotate
continuously and synthetically for S, = —0.1, and have a
¢s for ;= —0.25 and —1.0. For R=10and S, = — 0.1
(Fig. 6A) a very intense SPO is produced early in
deformation by particles with ¢; between —60° and 70°.
The SPO can last for more than 200 vy, with an antithetic dip
(except for the very final stages of a cycle), before particles
spread apart and enter a new cycle. For R =10 and
S, = —0.25 (Fig. 6B) all particles tend to a stable
orientation with an antithetic dip of about 25° with the
shear direction. For R = 10 and S, = — 1.0 (Fig. 6C) all
particles tend to a stable orientation with an antithetic dip of
about 63° with the shear direction.

Analysis of graphs for R = 3 and R = 10, in transtension
(Figs. 5 and 6, respectively), shows that: (1) when there is no
s, SPOs can be intense but are transient; (2) for identical R,
the duration of the transient SPO is directly proportional to
S;; (3) transient SPOs are more intense (see values of
intensity in graphs of Figs. 5 and 6) and last for longer for

= 10 than for R = 3, at identical Sr; (4) the greater the R
and the absolute value of S;, the more intense the SPO; (5)
when there is a ¢s, a very intense SPO is developed early in
deformation, especially if R and the absolute value of S, are
reasonably high; (6) the angle between the SPO and the
shear direction increases with increasing absolute value of
S (7) Stable positions, and most transient SPOs, in 2-D
transtension dip antithetically, and can, thus, give rise to
synthetic composite fabrics like S/C fabrics.
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3. Discussion

Curves in all shown graphs for simple shear, transpres-
sion and transtension are sigmoidal and have two distinct
paths: one with a steep slope that indicates fast angular
velocity of particles, and another with a flat slope that
indicates low angular velocity. This is a consequence of the
fact that particles initially favourably oriented (in the steep
portion of the curve) rapidly rotate towards a stable or long
lasting transient position, and contribute to an intense SPO.
Conversely, particles initially unfavourably oriented (in the
flat portion of the curve) disturb, more or less significantly,
the SPO defined by particles favourably oriented. This holds
true for particles that are added to the initial population
during deformation.

The graphs of Figs. 7 and 8 show the variations of ¢5
with S; and R, respectively. From the graphs of Figs. 7A and
8A, one can conclude that, in transpression: (i) the greater
the R and S,, the closer the stable orientation becomes to 90°,
and the greater the difficulty in distinguishing the SPO from
the shear direction; (ii) the greater the R, the smaller the S,
interval in which the SPO can be appreciably far from the
shear direction; (iii) the greater the R, the closer the SPO
from the shear direction, even at very low S,. From the
graphs of Figs. 7B and 8B, one can conclude that, in
transtension: (i) the greater the R and the absolute value of
S., the further apart the stable orientation becomes from 90°,
and the easier the distinction of the SPO from the shear
direction; (ii) the greater the R, the greater the S, interval in
which the SPO can be considerably further from the shear
direction; (iii) the greater the R, the further apart the SPO
from the shear direction, even at very low absolute value of
S:.. The graphs of Figs. 7C and 8C show the curves of
maximum ¢s for pairs of S, and R of Figs. 7A and B and 8A
and B, respectively. The curves were obtained by making
the right term of the ¢s equation equal to zero, in order to
find maximum ¢s. These curves link the upper tips of curves
(at lower R or Sr) in the graphs of Figs. 7A and B and 8A
and B, and show that, in transtension, stable SPOs always
dip antithetically, conversely to what happens in transpres-
sion. The graph of Fig. 9 shows the variation of R with S, at
maximum ¢s. This graph shows that the greater the R (or S;
in absolute value), the smaller the absolute value of S, (or R)
needed to get to a maximum angle of stable orientation.

Berthé et al. (1979) give a rather strict definition of S/C
structures, a composite fabric in which S stands for
schistosité and C for cisaillement. In our opinion, this
definition could have a broader sense and be extended to
structures in which there are two planar anisotropies; a shear
foliation (C), typical of rocks formed in ductile shear zones,
and an oblique foliation (S) formed by the alignment of
rotating rigid particles and/or plastically deforming min-
erals. In this sense, the SPOs studied in the present work can
be considered S surfaces at an angle with the shear foliation
developed during shear flow (simple shear, transpression or
transtension). Comparison of transient SPOs in the three

studied flow types shows that: (i) in simple shear, the
duration of the synthetic dip is identical to the duration of
the antithetic dip, whatever the R value; (ii) in transpression,
the duration of the synthetic dip is much longer than the
antithetic dip, and depends on the values of R and S;; and
(iii) in transtension, the duration of the antithetic dip is much
longer than the synthetic dip, and depends on R and S,.
Therefore, theoretically, in simple shear there is an equal
probability of finding a synthetic or an antithetic S fabric
formed by rotation of rigid particles. Conversely to simple
shear, the composite transient fabric in transpression is
always an antithetic S/C-type fabric, which grows stronger
until a new cycle begins. On the contrary, the composite
transient fabric in transtension is always a synthetic S/C-
type fabric, which grows weaker until it vanishes with the
beginning of a new cycle. In natural rocks this should be
even more realistic, because shear strain of rocks is not
infinite, and the first S/C-type fabrics to develop are
antithetic in transpression and synthetic in transtension.
This particular type of flow (transtension) can well justify
the SPO found by Pennacchioni et al. (2001) in the Mount
Mary mylonites: an S foliation that defines a synthetic S/C-
type fabric with the mylonitic foliation.

The above data and discussion holds true in ideal
situations of non-interacting populations of particles, with
identical and invariable R, rotating in the plane normal to
vorticity (Fig. 1B), and with initial orientations showing a
random and anti-clustered distribution (initial isotropic
rock). This is certainly not the common case in nature. What
can we expect, then, in real rocks? That particles rotate, in
particular types of flow, statiscally in the plane normal to the
vorticity axis and for high shear strains. This is the case of 3-
D transtension (work in progress) with invariant X-direction
(shortening parallel to the vorticity axis). What happens if
particles have significantly variable values of R? Then,
SPOs are not so well defined, because of greater differences
in rotation rates and stable orientations. This is particularly
true for simple shear, because there are no stable
orientations for natural rotating rigid inclusions (R should
be equal to infinity).

The natural examples to which the above theory can be
applied are mylonites with a fine grain ductile matrix (e.g.
quartz, or quartz 4 fine mica) with embedded competent
porphyroclasts with R > 1 (e.g. elongated crystals of
sillimanite, white mica, feldspar, amphibole). Such a
mylonite could derive, by shearing, from a porphyroid
granite. A good natural example could be the rocks studied
by Pennacchioni et al. (2001).

A great deal of porphyroclasts in a volume of rock (mica-
fish for instance), with identical orientation relative to the
shear plane, may seem a stable SPO. However, as shown by
the graphs with populations of non-interacting particles,
such a position can be transient. For instance, in transpres-
sion or transtension with R = 10 and S, = 0.1, the fabric
that develops very early in deformation can last for 200 .

The orientation of longest axis and (001) planes of white
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show that, in transtension, stable SPOs always dip antithetically to the shear sense, conversely to what happens in transpression.
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mica oblique to the shear plane is a common feature in
mica-rich quartz—feldspar mylonites, which is known as
mica-fish. Following Ghosh and Ramberg (1976), mica-fish
with dip opposite to the shear sense are not stable. Then, at
least four solutions are possible: (i) the orientation is
transient and can result from simple shear deformation in
the first half of the cycle; (ii) the orientation is transient and
results from deformation by transtension; (iii) the orien-
tation is stable and is a consequence of deformation by
transtension; (iv) the flow is simple shear and is channelled,
and can lead to stable antithetic dips as demonstrated by
Marques and Coelho (2001).

4. Conclusions

1. In natural rocks, SPOs developed in viscous simple shear
flow are always transient and cyclical. In simple shear
and for high R values, flats last for significantly greater y
intervals then ramps, and, thus, the probability of finding
an S/C-type fabric (either syn or antithetic) is fairly high.

2. Transtension and transpression are very efficient at
developing intense transient SPOs, at low v values,
whose duration depends directly on R and S,. They are
clearly more efficient than simple shear for identical
values of R. In transpression and transtension, increasing
S; (or R) at constant R (or S;) promotes a stronger SPO, at
v values progressively lower.

3. The greater the S; in transpression, the closer the SPO
becomes to the shear direction. Conversely, the greater
the absolute value of Sr in transtension, the further apart
the SPO becomes from the shear direction. Therefore, the
SPO in transpression cannot be, in many circumstances,
distinguished from the shear foliation.

4. Transpression produces, mostly, SPOs with synthetic

dip, either transient or stable. When the SPO defines an
S/C structure with the shear foliation, this composite
fabric is always antithetic and, thus, indicates the wrong
sense of shear. Transtension produces, mostly, SPOs
with antithetic dip, either transient or stable. When the
SPO defines an S/C structure with the shear foliation, this
composite fabric is always synthetic and, thus, indicates
the correct sense of shear.

5. At the end of each cycle, deformation is not perceptible
from rotated particles, although shear strain can be very
high, because they have spread apart and assumed
orientations identical to the initial ones.

6. To use an SPO as a vorticity gauge, one must clearly
demonstrate that it iS not transient, i.e. its orientation
corresponds to a ¢s.
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