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This paper deciphers the late stress systems involved in the development of kink bands in the perspective of thrust regime. In kink bands, the correlation coeﬃcient for α–β plots is positive near thrusts and
negative away from thrusts. The plots show nearly linear relationship near thrusts and non-linear relationship away from thrusts. The rotation was prominent mechanism of kink band formation near thrusts
and rotation coupled with shearing, along the kink planes away from thrusts. Along thrusts σ1 is horizontal E–W trend and it rotates to horizontal N–S trend away from the thrust. The proposed model
establishes that (1) the shearing along kink planes led to angular relationship, β < α and (2) the kink
planes of conjugate kinks could be used for paleostress analysis even in those cases where shearing along
these planes has occurred.

1. Introduction
The study area is located in Lesser Himalayas
in Pauri–Garhwal, Uttarakhand, India. It lies
between 30◦ 12 N–30◦ 15 N and 78◦ 44 E–78◦ 52.5 E.
In the perspective of regional thrust system in the
Himalayas, to the north of the study area is Main
Central Thrust (MCT) and to the south of the
study area is Main Boundary Thrust (MBT). The
study area is located nearer to the MCT and the
thrust system in the study area could be considered as a part of the root zone of MCT system
(ﬁgure 1a) (Shekhar 2007).
The rock types, Srinagar phyllite, Kilkaleshwar
metavolcanics, Sumari quartzite (Chandpur Group),
Marora limestone, Garhwal slate and Koteshwar
quartzite along with Chamdhar metabasics, belong
to the Garhwal Group (ﬁgure 1b). The Srinagar
phyllite is thrust over Koteshwar quartzite,
Garhwal slate and Marora limestone along North
Almora Thrust (NAT). The phyllitic thrust sheet is
exposed as major anticlines and synclines that are

cut by Barkot and Koteshwar faults trending NE–
SW and NNE–SSW, respectively. The main tectonic element of the area, i.e., NAT was designated
by Valdiya (1962, 1968, 1978) as Saryu thrust while
Jain (1971) called it as Dharasu thrust. Saklani
(1971, 1974, 1978, 1993 and 2006) described NAT
as Dharkot thrust in adjoining areas. There is
another smaller thrust in the southern part of the
area designated as Sumari thrust in this paper.
The Chandpur and Garhwal Group rocks have
undergone three phases of folding producing prominent foliation planes. Kink bands are extensively
developed on the foliation planes of Srinagar phyllite of Chandpur Group. The NAT dip towards
south and Sumari thrust dip towards north (ﬁgure
1b) as such the Srinagar phyllite occurs as hanging wall for both the thrusts. While the foot wall
rocks in case of NAT belong to Garhwal Group and
in case of Sumari thrust the footwall rocks consists of Sumari quartzite of Chandpur Group. The
Barkot and Koteshwar faults are mostly restricted
to Garhwal Group and do not extend much into
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Figure 1. (a) General map of the Himalayas (after Gansser 1964) showing location of the study area. (b) Geology and
structure of the Srinagar–Garhwal area with location of some of the outcrops showing kink bands. The numbers (a, b, etc.)
have been put near to conjugate kink band locations for further reference in ﬁgure 9.

the rocks of Chandpur Group. Since occurrence of
kink bands are restricted to Srinagar phyllite of
Chandpur Group, the major structures associated
with kink bands in the study area are NAT and
Sumari thrust (ﬁgure 1b). These kink bands belong
to the third phase of deformation (Shekhar et al
2007). We have used these kink bands to decipher
the variation in stress orientations with respect to
the major thrusts in the area.
2. Structure and tectonics
The major structures are the NAT, the Sumari
thrust, the Koteshwar fault, the Barkot fault, and
vertical folds (preserved well in the Koteshwar
quartzite of Garhwal Group), mainly observed near

the intersection of river Alaknanda and Koteshwar
fault on right bank of river Alaknanda (ﬁgure 1b),
while the minor structures include S1 , S2 and S3
foliations, slicken sides, puckers and minor folds
(ﬁgure 1b). In general, the NAT dips at moderate
angles (40◦ to 50◦ towards SW) but at places it is
steeper (75◦ to 80◦ towards SW) due to folding of
the thrust plane (Shekhar et al 2006, 2007). The
Sumari thrust in southern part of the area dips
50◦ towards north. The Koteshwar and the Barkot
faults are vertical-to-subvertical and are transverse
in nature (ﬁgure 1b).
A schematic diagram showing down plunge section views of F1 , F2 , F3 folds, the interrelationship
of F1 , F2 and F3 folds, and the related foliations is
shown in ﬁgure 2. The F1 folds are recumbent and
the F2 folds are asymmetric, and the F1 and F2
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shown in ﬁgure 4(a). The S-pole contour diagram
of S2 planes, the resultant Π axis (inferred F3 axis)
and mean vector of observed F3 fold axes are shown
in ﬁgure 4(b). The S-pole contour diagram of S3
planes is shown in ﬁgure 4(c).
The statistical analysis of foliation plane data
and minor fold axes (ﬁgure 4) was done using software created by Allmendinger (2002). The statistical analysis of the mesoscopic fabric revealed that
the trend of observed F1 /F2 and F3 axes and statistically inferred F1 /F2 and F3 axes from S-pole contour diagram shows angular diﬀerence of about 90◦ .
Thus if we consider the observed fold axes, then
the F1 /F2 and F3 axes are found to be plunging
opposite to each other in west and east directions
respectively at a relatively steep angle. While the
statistically inferred F1 /F2 (Π axis in ﬁgure 4a) and
F3 axes (Π axis in ﬁgure 4b) are found plunging in
the same direction (south) with F1 /F2 axes plunging gently compared to F3 axis (ﬁgure 4). In light
of the above anomaly, Shekhar et al (2007) opined
that F1 , F2 and F3 axes and the related foliation planes were rotated by about 90◦ . They are
of the view that the stress involved in producing
the rotational movement was latter to the stress
giving rise to F3 fold axes. This suggests that the
rotational movement was a late stress phenomenon.
Figure 2. Schematic diagrams showing (a) down plunge section view of F1 , F2 and F3 folds and related foliations and
(b) interrelationship of F1 , F2 and F3 folds and related
foliations.

folds are co-axial, with axes plunging 70◦ towards
251◦ (ﬁgures 1b, 3 and 4a). The F3 phase is represented by well-developed chevron folds and kink
bands (ﬁgure 3). The F3 folds plunge 70◦ towards
105◦ (ﬁgure 1b, 4b). The interference of F1 and
F2 folds produced hook-shaped folds, whereas the
interference of F1 /F2 and F3 folds produced type1 interference pattern (Ramsay 1967; Ramsay and
Huber 1987; ﬁgures 3c and 2). The presence of
chevron folds at certain places and kink bands at
other places could be on account of strain variation.
The S1 foliation is parallel to bedding (S0 ) and
dips ∼60◦ towards S and SW, the dip direction
shows variation and at places it also dips in the
range of 60◦ towards N and NE. The S2 foliation
resulted due to F2 folding phase which dips at
about 80◦ towards east and west. The S3 foliation
plane is produced by F3 event and dips 85◦ towards
north and south. The pi diagram of S1 , S2 and S3
foliations is shown in ﬁgure 4. Since S1 foliation is
parallel to S0 foliations, their pole plotting coincide
on pi diagram and the inferred Π axis represents
both F1 and F2 axes. The mean vector of observed
F1 and F2 fold axes and pucker axis lineations are

3. The kink bands
The geometry of kink bands with various parameters is shown in ﬁgure 5. The width of kink band
(W) is measured perpendicular to kink planes and
length of kink band is measured parallel to kink
planes. The length of rotated foliae is l. The angle
between unkinked foliae and kink planes is α, while
β is the angle between the kinked foliae and kink
plane, and gamma (γ) is the angle between external
and internal foliae (ﬁgure 5).
The kink band analysis in the study area
revealed that kink bands were product of the third
and last phase of deformation. The kink bands
were studied in vicinity of NAT as well as in areas
away from it. They are both monoclonal and conjugate (ﬁgures 1b, 3a, 3b). There is predominance
of sinistral kink band in the area to the extent
that nearly 79% of the recorded kink bands are
sinistral, while 21% of the kink bands were dextral. The location of some of the outcrops showing
kink bands in the area is shown in ﬁgure 1(b). The
orthogonal thickness of kink bands is mostly in the
range of 3–30 cm. The continuity of foliation across
the kink bands in general is observed in the thin
sections of kinked formations. However, at places,
the truncation and thinning of quartz grains along
kink planes are observed. Voids and dilatant zones
along the kink planes have also been observed in
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Figure 3. (a) Sinistral kink bands in plan view in Srinagar phyllite (location: Chamdhar to Devalgarh road around 3 km
from Chamdhar). (b) Dextral kink bands in plan view in Srinagar phyllite with quartz veins along the kink planes (location:
Kirtinagar). (c) Photograph showing subsequent refolding of minor fold axes in Srinagar phyllite (location: Koteshwar
bridge). (d) Plunging chevron folds in Srinagar phyllite (location: Kirtinagar).

Figure 4. (a) S-pole contoured diagram (contour interval =2% per 1% area, N = 59) of S0 and S1 surfaces in Srinagar–
Garhwal area with plot of Π axis (inferred F1 and F2 axes, trend/plunge: 181◦ /54◦ ), mean vector of F1 (N = 40) and F2
(N = 76) fold axes, trend/plunge: 251◦ /70◦ and mean vector of pucker lineations (F2 ) (N = 26) (trend/plunge: 267◦ /74◦ ).
(b) S-pole contoured diagram (contour interval = 2% per 1% area, N = 91) of S2 surfaces in Srinagar–Garhwal area with plot
of Π axis (inferred F3 axis, trend/plunge: 178◦ /74◦ ) and mean vector of F3 fold axes (N = 48) (trend/plunge: 105◦ /70◦ ).
(c) S-pole contoured diagram (contour interval = 2% per 1% area, N = 127) of S3 surfaces in Srinagar–Garhwal area.

outcrop and thin sections. Mostly the kink bands
in thin sections show planar limbs, subangular to
sharp hinges and continuity of lamellae across the
kink planes. In some of the thin sections rounded
to subangular hinges of the kink bands, textural

modiﬁcation and diﬀerential solution in the kink
bands are noticed. These features of the kink bands
help us in understanding the kinematics associated
with kink band formation. It has been discussed in
detail further in the text.
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Figure 5. The geometry of kink bands and diﬀerent parameters in (a) sinistral, (b) dextral, and (c) conjugate kink
bands.

3.1 Angular relationship in kink bands
The angles α, γ and β were measured in kink bands
of the study area. There is variation in α and β
angles. The value of β exceeds α in 53% of the measured kink bands indicating towards general tendency of dilation within individual kink bands and
volume increase inside individual kink bands due
to ﬁxed hinge kinking. The value of α exceeds β in
44% of the measured kink bands indicating towards
volume decrease inside individual kink bands. In
3% of the total measured kink bands α is equal to β
indicating no volume change within the kink bands.
The angular relationships in kink bands were analyzed with relationship between the angles α and
β. Besides analytical evaluation (in terms of kink
band showing α > β geometry and vice versa) of
the interrelationship between angles α and β, the
scatter plots of angular parameters were analyzed.
On the scatter plot of angles α and β, the correlation among these parameters were studied. The
angular parameters when analyzed in aggregate for
the whole study area, it did not show any consistent
relationship between α and β angles.

Figure 6. Plot of outer angle α (angle between unkinked
foliae and kink plane) vs. inner angle β (angle between kink
plane and kinked foliae) in the region near the NAT and
Sumari thrusts in Srinagar–Garhwal area.

Figure 7. Plot of outer angle α (angle between unkinked
foliae and kink plane) vs. inner angle β (angle between kink
plane and kinked foliae) in the region away from the NAT
and Sumari thrusts in Srinagar–Garhwal area.

3.2 Angular relationship in kink bands
adjacent to the thrusts

3.3 Angular relationship in kink bands
away from the thrusts

The areas near to the thrusts (Koteshwar, Sumari
and Dharkot Khola areas, ﬁgure 1b) have β angle
greater than α angle in nearly 70% of the kink band
measurements, whereas 30% of the measurements
showed β angle to be less than α angle. The angular relationship of kink bands in areas near to the
thrusts, when analyzed using scatter plot and correlation coeﬃcient approach showed good results
(ﬁgure 6). The correlation coeﬃcient for the plot
between α and β incorporating both sinistral and
dextral kink band data together is positive and the
plots showed nearly linear relationship between α
and β.

In areas located away from the thrusts, e.g.,
Devalgarh, Khola, Mari, Naithana, Fatehpur and
Kirtinagar area (ﬁgure 1b), about 60% of the kink
bands show α to be greater than β while 30–40%
measurements show α to be less than β. In some
isolated cases α is equal to β. In regions away from
the thrusts, the scatter plot of α versus β angles
does not show any correlation between α and β
angles (ﬁgure 7). The kink bands in areas away
from the thrust do not show any ideal geometry.
The probable reason for such variation in α and β
of the individual kink bands and the variation in
related geometry of the kink bands is the shearing
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along kink planes in the areas that are away from
the thrusts. Thus the angular relationship and
geometry of kink bands show a distinct variation
in areas adjacent to the thrusts and away from it.

3.4 The volumetric strain in the kinked folia
It was calculated using the formulae:
Volumetric strain = (sin α / sin β) − 1
(after Sharma and Bhola 2005) .
(1)
The value of volumetric strain in the kinked folia
ranges from –0.0012 to 0.6158.

4. Kinematics
Kinematic models for the formation of kink band
under diﬀerent set-up has been proposed by Patterson and Weiss (1962, 1966); Donath (1968a);
Cobbold et al (1971); Gay and Weiss (1974); Weiss
(1980); Stubley (1990); Stewart and Alvarez (1991);
Wadee et al (2004); Wadee and Edmunds (2005).
The two distinct mechanisms for the formation of
kink bands are:
• Nucleation of kink bands and their expansion by
lateral migration.
• Rotation of limbs along ﬁxed kink hinges, i.e.,
rotation of the foliation segment inside kink
bands with respect to the outside foliation
orientation.
The kink band formation mechanism model involving nucleation of kink bands and its expansion by
lateral migration has been inferred in deformed
phyllites (Patterson and Weiss 1966) and in experimentally deformed modelling materials (Weiss
1968; Honea and Johnson 1976) but the model is
rarely validated in natural kink bands (Cobbold
1976; Stewart et al 1984; Beutner and Diegel 1985).
In a material with a strong planar anisotropy,
the theoretical model of folding by nucleation
and growth was suggested by Weiss (1980) and
Cobbold et al (1984). Wadee et al (2004) modelled mechanism for kink band initiation, broadening and subsequent restabilization. Wadee and
Edmunds (2005) proposed kink band propagation
mechanism.
Hunt et al (2000) opined that the formation
of kink bands is a jump phenomenon, where previously stored energy is released from layer parallel stiﬀness. Many workers have attempted to
apply some of the models to natural rocks in the
ﬁeld (Anderson 1968; Cliﬀord 1968; Roberts 1971;
Garnett 1974; Verbeek 1978; Roussel 1980; Bhola
and Saberwal 1982).

The second mechanism emphasizes on ﬁxed
kink hinges to material plane and rotation of
limbs about the ﬁxed kink hinges along the kink
planes, were favoured by Anderson (1964, 1968);
Dewey (1965); Donath (1968a); Ramsay (1974) and
Verbeek (1978). The theoretical studies of folding
based on buckle (Biot 1964, 1965; Johnson and
Ellen 1974; Latham 1985a, 1985b) also favoured
ﬁxed hinge folding. Sharma and Bhola (2005) proposed rotation–dilation mechanism for the development of kink bands from Chamba region of western
Himalayas.
Jiang et al (2004) on the basis of numerical modelling proposed that there are two competing mechanisms of deformation, one is strain localization
which leads to development of kink bands and the
other is deformation of kink bands. They are of
the view that kink band migration and rotation
is limited and is not the primary mechanism for
development of kink folds.
The morphology of kink bands, angular relationship in the kink bands and microstructural
characteristics of kinks were studied to suggest a
probable mechanism of kink band formation. Morphologically some of the distinct features observed
in the kinked formations are like dilatant zone
along the kink plane ﬁlled with quartz veins and
parted lamellae. The kink bands mostly have planar limbs, subangular to sharp hinges and continuity of lamellae across the kink planes. In general,
the continuity of foliation across kink bands has
been observed. While some of the kink bands show
pressure solution eﬀects on quartz grains along
kink planes. In some micro-kinks, voids and dilatant zones along the kink planes were present. With
regards to angular relationship β>α geometry has
been observed in majority of kink bands adjacent
to the thrusts. These features suggest that rotation was a prominent mechanism in kink band
formation.
In contrast to this some of the kink bands show
rounded-to-subangular hinges and a few show angular relationship where α = β. Some micro kink
bands also reveal rounded-to-subangular hinges of
the kink bands, textural modiﬁcation and diﬀerential solution. These features point that during
rotation mechanism where kinks were not jammed,
some kink bands probably attained the geometry
as suggested for the formation of kink bands in
the migration model and simple shear zone model.
In areas away from thrusts majority of the kink
bands show α > β geometry. The α > β geometry
observed in kink bands suggest towards shearing
as a common phenomenon along the kink planes
(Anderson 1964). Since considerable study area is
away from thrusts showing α>β geometry in majority of kink bands, it becomes important to assess
the role of shearing along kink planes in kink bands.

Kink bands in thrust regime
The eﬀect of shearing along kink planes on the
angular parameters of kink bands and the related
strains was studied with help of a simple schematic
model (ﬁgure 8). The model assumes value of angle
α (the angle between unkinked foliae and kink
plane) as constant and the value of angle Φ (angle
between a line perpendicular to the foliation and
the kink plane) as constant with an objective to
make the model simple and easily understandable.
The new angular parameter Φ was considered to
facilitate quantiﬁcation of transverse strain using
formulae:
Transverse strain = 1 − cos (Φ)
(Wadee and Edmunds 2005) .

(2)

The angular shear for the kinked folia was calculated along an imaginary line perpendicular to

Figure 8. Schematic model showing shearing along kink
planes and its eﬀect on the angular parameters and the
related strain in a kinked formation.
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the unkinked folia. In a sinistral kink band model
shown in ﬁgure 8, the angular rotation is anticlockwise and is denoted by a negative sign preceding the value of angular shear. The angle γ (angle
through which kinked foliae are rotated) is a measure of angular shear along a line perpendicular to
the unkinked folia. The shear strain in the kinked
folia was calculated using the formulae:
Shear strain = tan (angular shear)
(taken from Davis and Reynolds 1996)
Shear strain = tan (γ) .
(3)
Depending on the nature of rotation, the angular
shear has positive or negative sign (positive sign for
clockwise rotation of dextral kink bands and negative sign for anticlockwise rotation of sinistral kink
bands (Davis and Reynolds 1996)). The positive
and negative signs of shear strain have only directional connotation, indicating direction of rotation
in the kinked folia.
The volumetric strain in the kinked folia was
calculated using the formulae (Sharma and Bhola
2005) given earlier as equation (1). The negative
and positive signs preceding the volumetric strain
have relationship with the magnitude, and as such
volumetric strain of −0.16 is less than the volumetric strain of −0.15. In the schematic model given
in ﬁgure 8, the value of angle α was assumed to
be constant. Thus the change in volumetric strain
is due to change in angle β. Since sin β is in
denominator of the equation (1), as the value of β
decreases, the value of volumetric strain increases
in the model. Keeping the assumption of model
(that is Φ and α angles are constant) in mind, it can
be said that shearing along kink planes progressed
with the magnitude of volumetric strain.
The model (ﬁgure 8) also shows that in normal
kink bands (β > α geometry), when shearing along
kink planes occur, the value of β angle decreases
gradually and reaches a stage where β < α. However, as shown in the model this phenomenon of
shearing along the kink planes only aﬀected the
angular parameters of the kink band and not the
attitude of kink planes, which was same before and
after shearing along the kink planes.
A combination of diﬀerent mechanism proposed
in the kinematic models of kink band formation
possibly operated to form kink bands in the study
area. The most prominent mechanism seems to
be rotation coupled with shearing along the kink
planes, which was active during the formation of a
majority of the kink bands. In fact, rotation was
the most prominent mechanism in kink band formation in areas near the thrust. In areas away from
the thrust the rotation coupled with shearing along
the kink planes was a prominent mechanism.
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5. Dynamics

The kink bands observed are singular sinistral, dextral and conjugate. The kink bands were used as
palaeostress indicators during the late stress system and their dynamic signiﬁcance was already
discussed by Patterson and Weiss (1966); Donath
(1968b); Anderson (1974); Gay and Weiss (1974).
The maximum compressive stress σ1 wherever lies
or is very near to S1 , the conjugate kink sets were
formed. When σ1 is greater than 25◦ with S1 ,
the conjugate kink bands were replaced by a simple set of kink bands (Patterson and Weiss 1966).
The conjugate kink bands are commonly used to
determine late stress orientation in orogenic belts
(Ramsay 1962; Anderson 1969; Gay and Weiss
1974; Verbeek 1978; Weiss 1980). It involves determination of angular bisectrix between the conjugate pairs of kink planes (Ramsay and Huber
1987). The bisectrix of obtuse angle between conjugate pair of kink bands is taken as direction of
maximum compressive stress (σ1 ), while σ2 , the
intermediate stress direction is taken as the line
of intersection of conjugate kink bands. The minimum compressive stress σ3 is normal to σ1 –σ2
plane bisecting acute angle between conjugate kinks.
It has been observed that inclination of kink planes
to σ1 varies between 67◦ and 60◦ (Patterson and
Weiss 1966; Donath 1968a). Srivastava et al (1998,
1999) suggested an alternative approach where triangular plot method was used for palaeostress analysis of orthorhombic kink bands together with a
fault slip method for palaeostress analysis. The
eﬀort in palaeostress analysis was also extended
to single sets of kink bands (Cliﬀord 1968).
Debacker et al (2008) cautioned using kink bands
to deduce regional palaeostress patterns and suggested that one should not extrapolate the inferred
palaeostress outside the region under study.
The conjugate kink bands of the area are asymmetric contractional kink bands. Near the Sumari
thrust, it has been established that the contractional kink bands show α ≤ β < 90◦ . This angular
relationship (α ≤ β < 90◦ ) is observed in totality
in the sinistral pair of Koteshwar conjugate kinks
near to NAT. In areas away from thrust, angle β <
90◦ and it is also less than angle α indicating shearing along kink planes. The kink bands analyzed
along or near to the thrusts show angular geometry
and angular parameters like β > α pointing that
the kink bands experienced volume increase. As
mentioned earlier, the kink band geometry in areas
away from the thrusts was inﬂuenced by shearing
along kink planes. Thus it was necessary to assess
whether shearing along kink plane aﬀected the attitude of principal stress direction (i.e., σ1, σ2 and
σ3 ). It was established in kink band model (ﬁgure 8) that shearing along kink planes did not aﬀect

attitude of kink planes. Since the attitude of principal stress directions depended on the attitude of
kink planes, it can be said that the phenomenon
of shearing along the kink planes did not apparently aﬀect the principal stress directions. Hence
kink planes of conjugate kink bands in areas away
from the thrust could be used for palaeostress analysis, even in cases where some kink bands might
have experienced shearing along kink planes. The
palaeostress analysis of conjugate kinks reveal that
the stress pattern along the thrust was such that
σ3 acquired near verticality and σ1 near horizontality (trending approximately E–W) along the trace
of thrusts in plan (ﬁgure 9). Even in areas away
from thrusts σ3 acquired near verticality and σ1
near horizontality (trending approximately N–S)
(ﬁgure 9). Therefore away from the thrust, the tendency of verticality of σ3 and horizontality of σ1
was maintained but the direction of σ1 was diﬀerent in areas near to the thrust and away from it
(ﬁgure 9). The verticality of σ3 and horizontality
of σ1 is similar to the stress system required for
the formation of thrusts or reverse faults, hence it
is suggested that development of kink band were
related to phenomenon of thrusting and the kink
bands were developed during the process of thrusting. Srivastava and Sahay (2003) while working on

Figure 9. Plot of paleostress directions as stereograms, corresponding to conjugate kink bands in Srinagar–Garhwal
area. The number underneath individual stereograms corresponds to locations of conjugate kink bands as indicated on ﬁgure 1(b). The stereograms shown as (c) (trend/
plunge: σ1 − 277◦ /9◦ , σ2 − 187◦ /5◦ and σ3 − 68◦ /80◦ )
and (d) (trend/plunge: σ1 − 72◦ /31◦ , σ2 − 339◦ /5◦ and
σ3 − 241◦ /62◦ ) correspond to conjugate kink band near
North Almora Thrust and Sumari Thrust respectively,
while other stereograms (a) (trend/plunge: σ1 – 23◦ /0◦ ,
σ2 − 113◦ /4◦ and σ3 − 285◦ /86◦ ), (b) (trend/plunge: σ1 –
352◦ /31◦ , σ2 − 260◦ /2◦ and σ3 − 166◦ /65◦ ) and (e) (trend/
plunge: σ1 −353◦ /27◦ , σ2 − 85◦ /3◦ and σ3 − 181◦ /65◦ ) represent conjugate kink bands away from the thrusts.

Kink bands in thrust regime
kink bands in Chittaurgarh area of northwestern
India had similar observations. The variation in
principal stress direction σ1 in regions near to the
thrust and those away from the thrust was helpful
to distinguish the conjugate kink bands near the
thrust from those, which are away from it.

6. Conclusions
The kink bands near thrusts in Srinagar Garhwal
area were formed by rotational mechanism. They
show an ideal geometry, where the angular parameters (α and β) of the kink bands correlate ideally
with each other. In contrast in regions away from
thrusts the kink bands were formed by rotation
coupled with shearing along the kink plane. There
the α and β angles do not show any correlation and
the kink band geometry is not ideal.
The palaeostress analysis suggested that kink
bands developed during process of thrusting. The
variation in σ1 direction inferred from palaeostress
analysis of kink bands is in conjunction to the
earlier-mentioned ﬁndings of the statistical analysis of mesoscopic fabric (Shekhar et al 2007) and
where it was established that the fold axes and
related foliation planes were rotated by about 90◦
during late stress period and the vertical folds were
produced by rotation of the recumbent folds of earlier generation by about 90◦ . Thus the work successfully related stress and strain aspects in the late
stress systems based on kink band development in
relationship to the thrust tectonics. It brought out
conclusive evidence of their relationship and the
thrust tectonics, which may be a model for other
Himalayan segments aﬀected by thrusting.
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