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A New Approach for Paleostress Analysis from Kink Bands:
Application of Fault-Slip Methods

Deepak C. Srivastava, Richard J. Lisle,1 Mohd. Imran,2 and Rajeev Kandpal

Department of Earth Sciences, University of Roorkee, Roorkee 247667, India
(e-mail: earth@rurkiu.ernet.in)

A B S T R A C T

Optimal and nonoptimal methods of fault-slip analysis are tested on the simple type of kink bands by treating these
structures as if they were striated faults. Results from different graphical and numerical techniques are mutually
consistent and all imply development of these kink bands in a thrust regime as a consequence of NNW-SSE-oriented
maximum compression ( -axis). These results are confirmed independently by comparing the geometry of the kinksjl

with those produced experimentally in situations in which the principal stress orientations are known. The consis-
tency and quality of paleostress results from different methods suggest that many natural kink bands can be used to
calculate paleostress in much the same way as striated brittle faults.

Introduction

Graphical and numerical techniques of fault-slip
analysis are best suited to brittle faults that exhibit
evidence for both direction and sense of slip (Ar-
thaud 1969: Carey and Brunier 1974; Angelier and
Mechler 1977; Etchecopar et al. 1981; Michael
1984; Lisle 1988; Angelier 1990; Hardcastle and
Hills 1991; Sperner et al. 1993). These methods,
however, cannot be applied in many areas where
natural faults leave no evidence of sense and/or di-
rection of slip. Furthermore, in many instances,
rocks do not respond to deformation by slip on dis-
crete surfaces. Instead, the displacement is accom-
modated in a tabular or lensoid zone that separates
two relatively undeformed parts of the rock. Com-
mon examples of such structures include shear
zones, sheared dikes, and kink bands. The signifi-
cance of the former two in stress analysis has al-
ready been tested by Srivastava et al. (1995) and
Lisle (1989a), respectively. In this article, we dem-
onstrate that existing methods for the estimation
of paleostress from striated fault data can also be
used for the analysis of suitable kink band struc-
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tures. We test these methods on structures border-
ing the Great Boundary Fault in western India.

Geological Framework of the Area

The kink bands studied are developed in the lower
Cambrian sedimentary sequence juxtaposed to the
Great Boundary Fault in western India (fig. 1). The
Great Boundary Fault is the most conspicuous tec-
tonic lineament in the Precambrian terrain of west-
ern India and extends for a strike length of 1400
km, from Chittaurgarh in the southwest, through
Satur, to Machilpur in the northeast. For much of
its length, the Great Boundary Fault defines the
boundary between the Archean metasediments of
the Hindoli Group and the lower Cambrian sedi-
mentary sequence of the Vindhyan Supergroup
(Prasad 1984). Toward the central sector of the
Great Boundary Fault near Satur, the upper Vin-
dhyan sedimentary sequence is folded into a mac-
roscopic, nonplunging kink fold that trends ENE-
WSW (Satur anticline; Coulson 1927). The limb
traces and axial trace of the Satur anticline parallel
the Great Boundary Fault, and a dextral strike-slip
fault offsets this anticline near Satur village (fig. 1).

In this study, we report on observations of me-
soscopic kink folds developed congruently with the
macroscopic kink fold (Satur anticline). These me-
soscopic kink folds occur on both the limbs as well
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166 D . C . S R I V A S T A V A E T A L .

Figure 1. Geological map of the Satur Anticline (lithological contacts after Prasad 1984). Inset shows the Great
Boundary Fault (GBF) in western India (Rajasthan).

as in the hinge zone of the Satur anticline. They
are, however, best observed in the thinly bedded
(centimeter scale) Lower Bhander Limestone For-
mation (fig. 1). Data on kink bands in the Ganur-
garh Shale are not included because of poor
exposures.

Geometry of the Kink Bands

Kink bands in the Satur area are mostly exposed as
monoclines, but examples of conjugate pairs are
also common (fig. 2). The geometry of the conjugate
kinks varies from symmetric to asymmetric, and
although both the fold hinge lines are essentially
of a nonplunging type, their angular divergence, in
map view, can range from 07 to 207. Most of the
kink bands either exhibit an orthorhombic sym-

metry or a monoclinic symmetry that approaches
an orthorhombic symmetry.

External and internal foliation and kink plane are
defined by the bedding surfaces and axial surface
of the kink fold, respectively (fig. 3a). In most of
the kink bands, the external foliation is subhori-
zontal to shallowly dipping, and the kink axes
plunge at shallow angles (!207) toward ENE-WSW
(fig. 3b).

The deflection of foliation across the kink bands
invariably implies a thrust type of movement on
the kink planes. All the kink bands can be classified
into two sets that correspond to conjugate pairs and
imply top-to-the-NNW and top-to-the-SSE sense of
movement, respectively. The relative sense of slip
on kink planes is always antithetic to the sense of
slip on the internal foliation within the kink bands.
Layer-parallel slip during the formation of the
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Figure 2. Kink bands in limestone. a, Profile view of a top-to-the-NNW kink band exposed as a monocline (kink
plane, N0187 457 E; internal foliation, N2207 757 W). b, A symmetric conjugate pair of kink bands. Kink planes in
the kink bands on the left (top-to-the-NNW) and right (top-to-the-SSE) are oriented N1007 507 S and N0907 607 N,
respectively. Kink plane in either set is parallel to the internal foliation in the complementary set.
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Figure 3. a, Definition of the angular parameters (f, fk, and W) in a kink band (after Gay and Weiss 1974). External
foliation and kink plane make angles a and v with the maximum compressive stress ( -axis), respectively. b, Contouredj1

poles to external foliations in kink bands. Circles and stars represent 42 axes of top-to-the-NNW and 110 axes of
top-to-the-SSE kink bands, respectively. Kamb contours at every 4j ( ). c–f, Orientations of kink planes andj 5 1.4
internal foliations in the top-to-the-SSE and top-to-the-NNW sets. Kink planes in top-to-the-SSE set are parallel to
the internal foliation in the top-to-the-NNW set and vice versa. Kamb contours at every 5j ( ) in c and d andj 5 1.4
every 4j ( ) in e and f.j 5 1.2

kinks is implied by the shear offset of the preex-
isting markers (e.g., vertical veins and stylolites)
along the shallowly dipping bedding surfaces.

A characteristic geometrical feature of these con-
jugate pairs of kink bands is the parallelism
between the kink plane in one set and the internal
foliation in the complementary set (figs. 2b, 3c–f).
In this respect, these conjugate kink bands are geo-
metrically similar to conjugate pairs of brittle-duc-
tile shear zones, where the en échelon veins within
either set are parallel to the shear zone boundary
in the complementary set (type I in Beach 1975).

Paleostress Analysis

The analysis presented here is based on two as-
sumptions: first, that the kink planes have the same

significance, in terms of stress, as brittle faults, and,
second, that the direction of slip (resolved shear
stress) on a kink plane is perpendicular to the line
of intersection of the kink plane and the internal
foliation within the kink band.

In support of the first assumption, it is well
known that shear fractures developed in outcrops
and deformation experiments pass into kink bands
(e.g., Marshall 1964, fig. 1; Anderson 1974, fig. 4).
Experimental simulations further suggest that
whether a foliated rock responds to stress by shear
fracturing (faulting) or kinking depends on (1) the
material properties of the rock and (2) the selection
of failure criteria (Anderson 1974); otherwise, the
two modes of deformation are essentially similar.
Two major differences between these two modes of
deformation are that kink bands develop at higher
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Figure 4. Results from the PT-axis method. Same data on 152 kink bands are analyzed to obtain the orientations
of - and -axes, at v values of 407, 457, 607, 657, and 707. Kamb contours at every in all the diagrams.j j 3j (j 5 1.4)1 3

confining pressures and are inclined at a much
larger angle to the maximum compressive stress
( -axis) than are shear fractures or brittle faultsj1

(Anderson 1974). Another major difference is the
condition that a preexisting or intrinsic anisotropy
(bedding plane or foliation) must be present for kink
bands to develop. Development of brittle faults is
independent of the presence of intrinsic anisotropy
in the rocks. Indeed, some methods of calculating
stresses from faults assume that the faulted volume
of rock is mechanically isotropic.

Paleostress analyses that take intrinsic aniso-
tropy into account include those on calcite twins
(Turner 1953; Groshong 1974; Dietrich and Song
1984; and others). In these analyses, the twin plane
and twin glide direction are treated dynamically
similar to fault plane and slickenside lineation, re-
spectively (Larroque and Laurent 1988). Several
types of optimal and nonoptimal methods of fault-
slip analysis have already been tested successfully
on calcite twins (Lacombe et al. 1990; Tourneret
and Laurent 1990; Shelley 1992). We extend the
scope of these microscopic scale stress analyses to
mesoscopic kink bands by assuming that slip di-
rection on each kink plane makes a 907 angle from
the line of intersection of the kink plane and in-
ternal foliation. In our study, this assumption is
justified by the down-dip plunge of striations ob-
servable on a few kink planes and/or internal fo-
liations. We, however, do not imply that the slip
direction on all types of kink bands is perpendicular

to the line of intersection between the kink plane
and internal foliation.

Methods

Paleostress methods allow the determination of dif-
ferent components of a geological stress tensor rep-
resenting the assumed condition of homogeneous
stress on the scale of analysis. Such methods fall
into two classes.

Optimal Methods. These methods assume that
the slip plane and slip vector have a special ori-
entation with respect to the stress tensor. For ex-
ample, if the level of shear stress is the factor con-
trolling whether or not slip occurs, then the most
likely orientation of the principal stresses is at an
angle of 457 to the slip plane. This approach implies
that the observed structure is always in an optimal
orientation with respect to the principal stress axes
and gives rise to simple methods of stress inversion.
We have used a method of this type, the PT-axis
method, where P- and T-axes denote pressure and
tension, or the maximum and minimum principal
stress directions, respectively (Turner 1953; Ange-
lier and Mechler 1977).

Nonoptimal Methods. These methods assume
that slip can occur on a variety of possible orien-
tations relative to the principal stresses. Some
methods assume that every plane is one of potential
movement, though on any plane, the slip direction
is governed by the direction of resolved shear stress
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Table 1. Statistical Analysis of Distributions of the Orientations of Maximum ( -Axis) and Minimum ( -Axis)j j1 3

Compressive Stresses Obtained by the PT-Axis Method at Different Values of v

Type of distribution (K) Strength of clustering (C)

v -axisj1 -axisj3 -axisj1 -axisj3 Orthogonality test

407 3.850 2.258 1.995 2.621 142.992
457 3.926 3.700 2.164 2.672 162.443
607 3.507 78.758 2.453 2.568 175.221
657 4.508 15.984 2.361 2.540 170.612
707 5.925 8.309 2.219 2.477 159.956

Note. between kink plane and -axis; parameter; parameter; orthogonality of or-v 5 angle j K 5 shape C 5 strength test 5 degree1

thogonality between - and -axes (difference between largest and smallest eigenvalue).j j1 3

on that plane. Several methods of this type have
been developed during the last 2 decades (see An-
gelier 1994 for review). The nonoptimal methods
employed in this study are the right dihedra
method, right trihedra method, and direct inversion
method.

Application of the Optimal Methods
to the Kink Bands

The PT-axis method allows the individual deter-
minations of the orientations of principal stress
axes by constructing a “movement plane” (a plane
perpendicular to the intersection of the kink plane
and the internal foliation) for every kink band. Both

- and -axes lie in the movement plane such thatj j1 3

they are respectively inclined at angles v and
from the slip direction (where v is a function907 1 v

of the coefficient of internal friction). The knowl-
edge of an appropriate value of v is, therefore, an
essential requirement in the application of the PT-
axis method.

Despite the fact that some of the proposed mech-
anisms of kink band growth require rotation of the
kink planes (Weiss 1980), the angle v between the
kink plane and -axis is found to have remainedj1

fixed in most of the natural and experimentally de-
veloped kink bands (Borg and Handin 1966; Pat-
erson and Weiss 1966; Donath 1968; Kleist 1972).
It is likely that angle v gets locked during the early
stages of kink band growth, and consequently,
many natural kink planes that belong to a set, for
example, those at Satur, are characterized by a con-
sistent geometry and orientation (fig. 3c, e). Only
those kink bands that can be inferred to have de-
veloped at a constant value of angle v can be tested
by the PT-axis method.

In general, a value of is recommended forv 5 307
the application of the PT-axis method on brittle
faults (Ragan 1985, p. 137). This recommendation
is based on two considerations: (i) the fault planes
commonly make an angle v ( , where J is457 2 J/2
the angle of internal friction) with the -axis, andj1

(ii) the value of J for many natural rocks can be
assumed to be close to 307. In different cases, how-
ever, kink bands are found to develop at diverse
angles to the -axis: 557–607, in Anderson (1964);j1

≤457, in Borg and Handin (1966); 587, in Paterson
and Weiss (1966) and Kleist (1972); and 47.57, in
Donath (1968). Theoretical analysis of the layer-
parallel compression model supports the conten-
tion of Anderson (1964) that kink planes are in-
clined at an angle of ( ) with the -axis457 1 J/2 j1

(Collier 1978).
What is the appropriate value of v for the appli-

cation of the PT-axis method to kink bands? In an
attempt to answer this question, we analyzed the
same data on 152 kink bands with different values
of v, namely, 407, 457, 607, 657, and 707 (fig. 4). For
each value of v, all the resultant orientations of both
axes ( and ) were treated statistically to deter-j j1 3

mine the type of distribution (K) and the strength
of pattern (C) (Woodcock and Naylor 1985). The
parameters K and C are defined in such a manner
that and , whereK 5 ln(S /S )/ln(S /S ) C 5 ln(S /S )1 2 2 3 1 3

, and are the largest, intermediate, andS ,S S1 2 3

smallest eigenvalues, respectively. The orienta-
tions of - and -axes for all the considered valuesj j1 3

of v show clustered type of distribution patterns
(fig. 4). The strength of clustering (C), however, var-
ies with the angle v, and the strongest clusters for
both the - and -axes are obtained when v is 607j j1 3

(table 1 ).
It is a limitation of such a statistical analysis that

the data for the - and -axes are treated indepen-j j1 3

dently and the important condition of orthogon-
ality between the - and -axes remains unex-j j1 3

ploited. Thus a situation may arise where the
strongest clusters for - and -axes are obtainedj j1 3

for two different values of the angle v and/or the
angle between the two strongest clusters of - andj1

-axes is not 907. In order to confirm that thej3

strongest clustering of - and -axes obtained atj j1 3

is not fortuitous, the orthogonality test ofv 5 607
Lisle (1989b) was applied to all the orientations of

- and -axes for the different values of v (407, 457,j j1 3
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Figure 5. Results of paleostress analysis by fault-slip methods on the kink bands. a, Right dihedra method (contour
maximum, 95%, and minimum, 0%, represent the orientations of the - and -axes, respectively). b, c, Right trihedraj j1 3

method (contour maxima represent orientations of -axis and -axis in b and c, respectively). ofj j P % 5 total%1 3 total

kink bands that are compatible with the orientations of the - and -axes. d, Results from direct inversion method.j j1 3

RUP%, ANG, and COH% indicate the quality of results. angle between observed and numerically com-ANG 5 the
puted directions of shear stress; function of ANG and the level of resolved shear stress;RUP 5 a COH% 5 total%
of the kink bands that are satisfied with the obtained stress solution. All contours are percent per 1% area.

607, 657, and 707; fig. 4). The difference between the
largest and smallest eigenvalues is found to be
greatest at (table 1). It is, therefore, atv 5 607 v 5

that (i) the clustering is strongest and (ii) the607
- and -axes most closely approach being or-j j1 3

thogonal to each other. For this reason, 607 is con-
sidered as the most appropriate value of v for ap-
plication of the PT-axis method to the kink bands
at Satur. This result obtained by our independent
statistical analysis matches with Collier’s (1978)
results of theoretical analysis.

Application of the Nonoptimal Methods
to the Kink Bands

Right Dihedra and Right Trihedra Methods. The
kink bands are analyzed by the right dihedra
method of Angelier and Mechler (1977) and the
right trihedra method of Lisle (1987). In the right
dihedra method, the suitability of each three-di-
mensional orientation as a potential -axis is cal-j1

culated and represented as a number on the ster-
eographic output. The contours that enclose the
highest and lowest values correspond respectively
to the orientations of - and -axes on the ster-j j1 3

eoplots (fig. 5a). In the right trihedra method, areas
containing possible orientations of - and -axesj j1 3

are further narrowed down by adding a movement
plane (containing the pole to the kink plane and
slip direction) to the right dihedron. The right tri-
hedra analysis was carried out using the ROMSA

program of Lisle (1988), and the results are pro-
duced as separate stereoplots for the - and -axes.j j1 3

The contour maxima enclosing the most probable
orientations of the - and -axes for all the kinkj j1 3

bands and the total percentage of kink bands
( %) that are compatible with the solutions arePtotal

shown in figure 5b, c.
Direct Inversion Method. Several numerical tech-

niques allow the inversion of field data to deter-
mine a reduced stress tensor that comprises four
components. Whereas three components of this
tensor define the orientations of three principal
stresses, the fourth component represents the rel-
ative magnitude of principal stresses in terms of a
shape parameter, . The earlierF 5 (j 2 j )/(j 2 j )2 3 1 3

methods were based on a grid search by assigning
different values to four parameters of the reduced
stress tensor until a satisfactory solution was ob-
tained (Carey and Brunier 1974). The direct inver-
sion method adopted here is based on solving si-
multaneous equations such that the average angle
between the theoretically calculated direction of
shear stress and the observed direction of slip is
minimized and the magnitude of relative shear
stress is maximized to overcome rock cohesion and
friction (Angelier 1990).

An additional merit of the nonoptimal methods
is that they yield the quality of solution in terms
of quantitatively defined parameters, such as,
ANG, RUP, COH%, and Ptotal% (Angelier 1990,
1994; Lisle 1988). The parameter ANG represents

This content downloaded from 131.251.254.13 on Fri, 21 Feb 2014 09:03:11 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


172 D . C . S R I V A S T A V A E T A L .

Figure 6. a, Triangular graph , for plotting the kink bands in terms of their angular parametersf 2 f 2 W(180) k(180) (180)

(f, fk, and W). Most natural kink bands plot within the shaded subtriangle . b, Enlargement of a partf 2 f 2 W(0) k(0) (0)

of the subtriangle (shaded region, fig. 6a). Triangular plots of kink bands (circles) based on the ex-f 2 f 2 W(0) k(0) (0)

perimental data (f, fk, and W angles) for different values of a between 07 and 307 (Gay and Weiss 1974). Paleostress
line (barbed) is the best fit line (517) through the plots of experimentally developed kink bands.

the average angular misfit between the direction of
slip observed on the fault plane as slip lineations
and the direction of shear stress computed from the
reduced stress tensor. The parameter RUP is de-
fined as the ratio of u and the magnitude of maxi-
mum shear stress computed from the reduced
stress tensor; u is the modulus of vectorial differ-
ence between (i) the observed slip and (ii) the ratio
of shear stress and maximum possible shear stress
on a given fault plane. The parameters ANG and
RUP are correlatable, and they vary between 07 and
1807 and 0% and 200%, respectively. In general,
results with and are con-RUP ! 50% ANG ! 22.57

sidered to be good, and those with RUP between
50% and 75% and ANG between 22.57 and 457 are
acceptable. Values of andRUP 1 75% ANG 1 457

indicate the probability of a heterogeneous data set
corresponding to more than one stress tensor. The
COH% implies the total number of faults that are
compatible with the computed reduced stress ten-
sor, and its significance is similar to that of Ptotal%
in the right trihedra method of Lisle (1988).

Results

The orientations of the principal stress axes ob-
tained by different types of optimal and nonoptimal
methods are highly consistent (fig. 5). All the meth-
ods reveal that the kink bands were developed as
a consequence of a subhorizontal maximum com-
pression ( -axis) in NNW-SSE direction and a sub-j1

vertical minimum compressive stress ( -axis).j3

These orientations of principal stresses imply the
origin of kink bands by layer-parallel compression
in a thrust-type regime. Although the Great Boun-
dary Fault is also known to be a thrust in the study
area (Iqbaluddin et al. 1978), there is no conclusive
evidence to suggest that the kinking was syn-
kinematic with the thrusting on the Great Boun-
dary Fault.

High values of % (68%–70%) obtained fromPtotal

the right trihedra method, and COH% (91%) from
the direct inversion method, suggest that most of
the kink bands are compatible with the calculated
stress tensors (fig. 5b–d). Low average values of the
parameters of ANG (197) and RUP (38%) obtained
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Figure 7. a, b, Contours for triangular plots of the two sets of kink bands in Satur area. 25% contour maxima
(shaded in gray) in both the sets lie at on the paleostress line (tick marks on the paleostress line are at everya 5 07
57 interval in a angle). All contours are drawn as percent per 1% of the area on the triangular graph f 2 f 2(180) k(180)

. After Srivastava et al. 1998; reproduced with permissions from Elsevier Science, Oxford, and authors.W(180)

from the direct inversion method (fig. 5d) imply
that the quality of solutions is very good (Angelier
1994). Our study demonstrates that the quality of
the results on kink bands is as good as the results
from analysis on brittle faults and much better than
the results obtained by application of fault-slip
methods on the brittle ductile and ductile shear
zones (Srivastava et al. 1995).

Independent Test of the Results

The geometry of a kink band is constrained by three
angular parameters, namely, f, , and W (definedfk

in fig. 3a). Gay and Weiss (1974) produced kink
bands of different geometries in card decks and
slate by varying the angle (a) between maximum
compression ( ) and the anisotropy from 07 to 307.j1

Their experimental results reveal that each of the
three angular parameters (f, , and W) varies lin-fk

early with the systematic change in the orientation
of the -axis (measured in terms of the angle a, fig.j1

3a). Gay and Weiss (1974) were able to decipher the
a angles for a large number of natural kink bands
by comparing their f and W angles with the exper-
imentally obtained linear relationships (f vs. a and
W vs. a).

The angular parameters in a kink band are always
related by an equation, (fig. 3a).f 1 f 1 W 5 1807k

This condition can be used to construct a triangular

graph for representing the ge-f 2 f 2 W(180) k(180) (180)

ometry of a kink band (fig. 6a). The angles f, ,fk

and W are respectively equal to 1807 at the three
apices of the triangular graph, and each of these
angles decreases progressively down to 07 along its
respective bisector of the apical angle (fig. 6a). The
three angles (f, fk, and W) required to plot a kink
band on the triangular graph are measurable readily
on the profile sections of natural kink bands. It is
observed that most natural kink bands plot within
the subtriangle (shaded in fig. 6a).f 2 f 2 W(0) k(0) (0)

For any value of the a angle between 07 and 307,
the three angular parameters (f, fk, and W) can be
determined from the three experimentally estab-
lished linear relationships between f and a, fk and
a, and W and a (Gay and Weiss 1974, fig. 6). The
angular parameters (f, fk, and W) corresponding to
different values of a are determined from the ex-
perimental relationships and plotted as a set of
points on the triangular graph (circles in fig. 6b).
The paleostress line is a best fit line that can be
drawn through these plots within an uncertainty
of 517 (fig. 6b; Srivastava et al. 1998). For a natural
kink band that plots on the paleostress line, the
value of angle a can be read directly (fig. 6b). Once
the f and a angles are known from the angular
measurements on the profile section of a kink band
(fig. 3a) and the relative position of the kink band
plot on the paleostress line (fig. 6b), respectively,
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Figure 8. a, b, Stereoplots showing the orientations of -axes in top-to-the-NNW and top-to-the-SSE kink bands,j1

respectively. As f and a are equal to 607 and 07, respectively, the v angle (5 ) is equal to 607 for both sets. Thef 2 a

-axis is oriented at an angle of 307 ( ) from the pole to the kink plane, measured in the direction of thej 907 2 v1

movement of the top.

the inclination v of the -axis with respect to thej1

anisotropy (external foliation) can be calculated
from the equation .v 5 f 2 a

The angular parameters f, fk, and W are deter-
mined stereographically from the field data on 42
top-to-the-NNW and 110 top-to-the-SSE kink
bands in the Satur area. With the help of these an-
gular parameters, the kink bands in each set are
plotted and contoured (percent per 1% area) on the
triangular graph . The con-f 2 f 2 W(180) k(180) (180)

toured plots reveal that the 25% maxima for both
sets of kink bands fall on the paleostress line at

(fig. 7). As most of the kink bands at Satura 5 07
are characterized by , the angle v betweenf 5 607

-axis and kink planes must be 607 ( ). Thej v 5 f 2 a1

-axis lies on the profile plane of the kink band inj1

such a manner that it makes an angle of 307
( ) from the pole to the kink plane, measured907 2 v

in the direction of the relative movement of the
top (fig. 8). The orientations of -axes obtained byj1

this approach indicate a horizontal compression in
the NNW-SSE direction for both the sets of kink
bands. These results are consistent with the ori-
entation of the -axis obtained from graphical andj1

numerical methods of fault-slip analysis (figs. 4, 5).

A further testimony to these results is provided by
the statistical analysis in the PT-axis method, sug-
gesting that the most likely angle v between the

-axis and kink planes is 607 (table 1).j1

Discussion

Mesoscopic conjugate kink bands have been used
successfully as paleostress indicators (e.g., Ramsay
1962; Naha and Halyburton 1974; and others). The
method adopted in these analyses involved the sim-
ple approach of finding the orientations of principal
stress axes by bisecting the dihedral angles. Such
an approach is inapplicable in those areas where
the kink bands are monoclinal and conjugate sets
are not present. In our example, the data come from
diversely oriented kinks exposed as monoclinal as
well as conjugate kink bands of dominantly ortho-
rhombic symmetry (fig. 2). For such a mixed data
set, both the graphical and numerical techniques
of fault-slip analysis yield results consistent with
the experimental data of Gay and Weiss (1974) and
match in terms of quality the results from ideal
data sets of natural striated faults. One distinct
merit of kink bands over faults is that the obser-
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vations on the angular relationship between the
kink plane and internal foliation always imply an
unambiguous sense of relative movement. The
sense of relative movement can often be ambiguous
on many striated brittle faults.

A prime limitation for application of the fault-
slip methods to kink bands is the assumption that
the direction of resolved shear stress on each kink
plane is oriented at 907 to the line of intersection
of kink plane and internal foliation. Another lim-
itation of this approach is the fact that the fault-
slip methods are ideally suited on reactivated sur-
faces of diverse orientation, whereas the kink bands
develop as fresh structures. The high quality of re-
sults reported here is, at least partly, due to the
orthorhombically symmetric geometry in bulk of
the kink bands (contour maximum of the poles to
external foliations is parallel to the -axis; figs.j3

3–5).
As a consequence, there is a statistical parallel-

ism among -axis, both the fold hinge lines andj2

the intersection line of the conjugate kink planes,
and our assumption of slip direction being located
at 907 from the kink axis are applicable correctly.
Whereas these kink bands yield highly consistent
orientations of the principal stresses by different
methods, they are of little significance for deter-
mination of the relative magnitude of stress (shape
parameter F) on account of their conjugate nature.

The fault-slip methods remain to be tested on
the kink bands of lower symmetry and those where
the -axis does not lie on the external foliationj2

plane. In such cases, neither the kink axis nor the
-axis will be parallel to each other, nor will thej2

assumption of orthogonality between slip direction
and kink axis hold good. Independent evidence in-
dicating the direction of movement (shear stress)
on kink planes of lower symmetry is mandatory.

Conclusions

Application of fault-slip methods to the kink bands
of orthorhombic symmetry yields high-quality pa-
leostress results. These methods can be used as an
alternative to other graphical methods for paleo-
stress analysis from kink bands. Whether or not the
fault-slip methods would yield high-quality stress
solutions on the kink bands of lower symmetry
remains to be tested.
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mérique d’un modèle mécanique élémentaire appli-
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