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Abstract

The Rois anticline is located in the Southern Kirthar Fold Belt, Pakistan, and it exhibits an ideal example
of fault-related folding. In this study we analyzed outcrop and lineaments data to understand geometry,
lineament distribution pattern and kinematics of the fault-propagation Rois anticline. The outcrop
observations were supported with geometrical parameters determined through stereographic projections to
understand geometry of the anticline. Outcrop observations indicated that the Rois anticline is about 6.5Km
along and 02Km across strike, N-S trending, culminated anticline having steep eastern and gentle western
limbs, exhibiting four-way dip enclosure. The anticline is bounded by emergent frontal thrust in the eastern
limb and by tear fault (lateral ramp) along the northern part. Geometrical parameters, i.e. fold axis, axial
plane, interlimb angle and fold vergence, indicated that the Rois anticline is an asymmetrical, doubly-
plunging, inclined to upright, gentle to open and ESE-vergent fold. The lineaments were extracted
automatically from Digital Elevation Models. The transverse and longitudinal lineaments are identified in the
Rois anticline. Transverse lineaments occur in the culmination, indicating anticline has experienced outer-arc
extension. The longitudinal lineaments are concentrated in hinge area of the Rois anticline, which indicate
fold-parallel stretching in its high-strain parts. The lineaments are interpreted as fold-related axial fractures or
minor faults associated with propagating fault. Emergent frontal thrust, fold asymmetry, steep eastern limb
and longitudinal axial lineaments supports the model of fault-propagation fold. It is developed due to east-
directed compressional stresses linked to the oblique collision of the Indian Plate and Afghan Block along the
Ornach-Nal and Chaman plate boundary. The Rois anticline has accommodated localized coaxial strain
partitioning, associated with regional pure shear.

Keywords: Geometry and kinematics; Fault-propagation fold; Four-way dip enclosure; Lineament analysis;
Rois Anticline; Southern Kirthar Fold Belt

1. Introduction Medwedeff, 1990; Erslev and Mayborn, 1997).
The fault-propagation folds are characterized
Fault-propagation folds are fundamental by steep to overturned fore-limb and gentle
structural elements in the fold belts across the  back-limb (Mosar and Suppe, 1992; Jabbour et
world (Tavani et al., 2006; Jabbour et al., 2012; al., 2012). The geometry and kinematics of the
Butler et al., 2018). Understanding their fault-propagation folds has widely been
geometry and kinematics is critical to studied, because they often form significant
reconstruct the regional tectonic history and  hydrocarbon traps and provide insights into the
evaluation of hydrocarbon traps (Mitra, 1990; regional structural evolution (Suppe and
Wu et al., 2023). They develop when Medwedeff, 1990; Mitra, 1990; Jadoon et al.,
displacement along a thrust fault is transformed 2015; Khattak et al., 2017; Jiang et al., 2020,
into folding of the hanging-wall strata, thereby =~ Halepoto etal.,2023a).
creating distinctive geometric patterns and
kinematic relationships (Suppe and Outcrop observations integrated with
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lineaments extracted from satellite imagery
may provide valuable insights regarding
geometry and kinematics of fault-propagation
folds. Lineaments are fractures developed
during folding and post-folding modifications
due to extension, tension or drag effects (Gupta,
2018; Wajid et al., 2021; Jadoon et al., 2024).
Lineaments parallel to fold axis are called
longitudinal or extensional lineaments. They
are perpendicular to maximum stress axis and
are developed due to extension or stretching in
high-strain parts of a fold, such as fore-limb,
hinges or growing tip of thrust fault.
Lineaments perpendicular to fold axis are
called transverse or tensional lineaments. They
are parallel to maximum stress axis and are
developed due to either outer-arc stretching or
differential compression (Watkins et al., 2015;
Watkins etal.,2019; Jadoon et al., 2024).

The lineament distribution pattern in the
fault-propagation folds, their geometrical and
kinematic significance, particularly in the
context of the Kirthar Fold Belt, is poorly
understood. The Rois anticline is located in the
Southern Kirthar Fold Belt and it has well-
preserved surface exposure and fold-fault
relationship. Hence, it is an excellent structure
to study the geometry and kinematics of the
fault-propagation folds through outcrop and
lineament analysis. Therefore, present study is
aimed to understand the structural geometry
and kinematics of the Rois anticline by using
outcrop data and lineament interpretation. This
study will not only contribute to the
understanding of geometry and kinematics of
the Rois anticline, but also provide broader
implications for lineament distribution in the
fault-propagation folds in the Southern Kirthar
Fold Belt, and similar tectonic settings
worldwide.

2. Regional Tectonic Background

The transpressional collision of the Indian
Plate with the Afghan Block formed the
Sulaiman Fold Belt (SFB) and Kirthar Fold
Belt (KFB) on the northwestern margin of the
Indian Plate (Bannertetal., 1992; Hinschetal.,
2019; Jadoon et al., 2020; Ghani et al., 2023)
(Figure 1). The SFB and KFB are separated by
the “Sibi Trough” (Sibi Foreland Basin). The
KFB is southwestern continuation of regional
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Himalayan fold-thrust belt, and is located along
the western boundary of the Southern Indus
Basin, Pakistan. The deformation in the KFB
was controlled by inversion of Mesozoic
normal faults, which acted as basement ramps
during folding and thrusting (Fowler et al.,
2004; Hinsch et al., 2019; Ghani et al., 2023).
Sedimentary sequences from Jurassic to Recent
are well developed and exposed in the KFB
(Hunting Survey Corporation, 1960; Thebo et
al., 2023; Halepoto et al., 2023c). The
Paleocene and younger rocks are exposed in the
foreland KFB, whereas Mesozoic sequences
are exposed in the hinterland of KFB (Hunting
Survey Corporation, 1960; Hedley et al., 2001;
Smewing et al., 2002b; Halepoto et al., 2023b).
The hinterland Mesozoic sequences are
overlain by Bela Ophiolites (Allemann, 1979;
De Jong and Subhani, 1979; Sarwar, 1992). The
hinterland of the KFB consists of “Kalat
Anticlinorium (KA)”, “Kalat Synclinorium
(KS)”, “Bela-Wazirstan Ophiolite Zone
(BWOZ)”, “Ornach-Nal-Chaman Fault Zone
(ONCFZ)”, “Khuzdar Knot”, “Bela
Ophiolites™, “Porali Trough (PT)” and “Pab
Range”. The foreland of the KFB consists of
“Mula-Bulan Range (MBR)”, “Kirthar Range
(KR)”, “Karachi Embayment (KE)”,
“Sumbakh Uplift (SU)” and “Lakhra Uplift
(LU)” (Figure 1) (Kazmi and Rana, 1982). The
deformation of the foreland KFB is
characterized by faster rates (~2.5 km/Ma) of
orogenic growth and exhumation during end of
the Miocene (between ~7 and 5Ma), which is
older than Salt Range deformation (~4Ma) and
younger than MBT development (~12Ma)
(Ghani et al., 2021; Ghani et al., 2023). The
post-Miocene (since ~5Ma) deformation of the
foreland KFB is characterized by slower
shortening rates (<1 km/Ma) (Ghani et al.,
2023). The KFB is divided into two distinct
zones, i.e. Northern Kirthar Fold Belt (NKFB)
and Southern Kirthar Fold Belt (SKFB), based
on along-strike variation in the structural style
and shortening magnitudes (Figure 1).
Northern Kirthar Fold Belt consists of passive-
roof duplexes, which accommodate horizontal
tectonic shortening of 30-40% (Banks and
Warburton, 1986; Hinsch et al., 2019).
Southern Kirthar Fold Belt consists of thin-
skinned, imbricate-fan structural style, which
accommodate horizontal tectonic shortening of
about 15% (Ahmed and Ali, 1991; Schelling,



1999; Smewing et al., 2002a; Fowler et al.,
2004; Halepoto etal., 2023b). The LU, SU, KE,
Pab Range and PT are prominent tectonic
elements of the SKFB (Figure 1). The anticlines
in the foreland SKFB depicting generally N-S
orientation of their fold axes. The internal
anticlines of foreland SKFB are relatively
broad and gentle, whereas, frontal anticlines
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have steep to overturned forelimbs, breached
by emergent thrusts (Figure 2) (Schelling,
1999; Halepoto et al., 2022; Halepoto et al.,
2023a). The Rois anticline (~6.5Km along and
~02Km across the strike) is located in the SU of
SKFB, bounded by Surjan anticline in the east
and gas-producing Hundi anticline in the west
(Figure 1-2).
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Fig. 1. Regional tectonic map, showing elements of the Southern Indus Basin, Kirthar and Sulaiman fold
belts (After Kazmi and Rana, 1982). The SKFB and NKFB are demarcated with dotted and dashed
rectangles respectively. The location of figure 2 is indicated with red square.
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Fig. 2. (a) Hillshade view showing elevation and spatial arrangement of the anticlines in study area,
(b) Geological map, showing exposed stratigraphy and structures in the study area. The location
of this figure is indicated with red square in figure 1. (TAK=Thano Ahmed
Khan town, TBK=Thano Bula Khan town).
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3. Materials and Methods

A systematic fieldwork of the Rois
anticline was carried out to observe outcrop
pattern, collect structural data, particularly
dip/strike, fault planes and axis orientation,
through brunton compass and the location of
each data point was determined using Global
Positioning System (GPS). The Frontal thrust
of the Rois anticline was identified on the basis
of sub-vertical beds of the Nari Formation in the
hanging-wall separated by its sub-horizontal
beds in the foot-wall in the eastern limb of
anticline. However, the Nari Formation in foot-
wall is generally covered with Holocene
deposits, and it is only identifiable in the
drainage channels. Tear fault, bounding frontal
thrust in north, was identified on the basis of
stratigraphic separation, offset in the fold axis
and presence of surface rupture (Figure 3-4).
The geological map of Hunting Survey
Corporation (1960) was up-scaled (to
1:10,000) and used as reference map to verify
stratigraphic contacts and plot structural data.
High-resolution field photographs of different
field features were captured to aid the collected
data. The structural data and faults were plotted
on the geological map, using ArcGIS software,
to visualize spatial structural pattern and fold-
fault relationship in the Rois anticline.
Dip/strike data from four different along-strike
parts of the anticline were plotted on the lower
hemisphere of Schmidt stereonet to construct
beta diagrams of each section (Halepoto et al.,
2022). The beta-diagrams are very important to
understand the geometries of the geological
structures and regional stress fields.

We extracted, processed and analyzed
lineaments of the Rois anticline, from Digital
Elevation Modal (DEM) of “Advanced Land
Observing Satellite Phased Array type L-band
Synthetic Aperture Radar (ALOS PALSAR)”
having spatial resolution of 12.5m. Fractures or
lineaments can be mapped either in the field or
using remote-sensing techniques. Field-based
fracture/lineament mapping could be easier and
viable, where fractures are mesoscopic and
effects of weathering and erosion are minimal.
The weathering and erosion may convert the
fractures into deep fissures and steep-walled
valleys, therefore field-based
fracture/lineament mapping is not a promising
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option and may lead to invalid conclusions. The
fractures of the Rois anticline are converted to
broader and steep-walled valleys by weathering
and erosion. Therefore, we employed remote-
sensing technique for lineaments analysis and
their tectonic interpretation. Hillshade images
from ALOS PALSAR DEM were prepared in
ArcMap at six different sun azimuths and
elevation angle without vertical exaggeration
(Table 1). These images were than imported
into PCI Geomatica software sequentially,
where lineaments were extracted automatically
using “Line algorithm” tool. The extracted
lineaments were than imported into ArcMap
interface, to analyze their spatial inter-
relationship, relationship with fold and
variation in lineaments from one hillshade
image to other. The extracted lineaments were
than combined in a single shapefile, where
duplicate lineaments were removed. Lineament
density map and lineament rose diagram were
prepared from combined shapefile through
ArcMap and Rockworks softwares,
respectively. The lineaments were than
classified and interpreted according to their
relationship with fold axis.

4. Results and Discussion
4.1. Fold Geometry

Outcrop observations indicate that the
Rois anticline is about 6.5Km along and 02Km
across strike, N-S trending, doubly-plunging,
culminated anticline, having steep eastern and
gentle western limbs (Figure 3-4). It is capped
by Early Eocene Laki Formation, whereas,
Oligocene Nari Formation is exposed at both
limbs of the anticline (Figure 3-4). The dip
values of eastern limb vary from 20° to 80° with
an average of 50°, striking towards 010 to 090
azimuths, as per right-hand rule (Figure 4). The
dip value of western limb ranges between 04° to
10° with an average of 07°, striking towards
150 to 240 azimuths (Figure 4). Besides east
and west dipping limbs, northern and southern
parts of the anticline have three-way dip
direction (Figure 3-4). The northern part
dipping towards N, NE and NW, whereas,
southern part dipping towards S, SE and SE
directions. Therefore, Rois anticline has four-
way dip enclosure, which make it an ideal
example of trapping structure. The dip of fore



-limb become steep to sub-vertical at the propagation fold. The frontal thrust fault is
mapped fault plane of frontal thrust (Figure 3-  bounded by emergent lateral ramp (tear fault) in
4). Fold-fault relationship indicates that, the  the north and become blind southward (Figure
Rois anticline is developed above propagating 4).

thrust fault, therefore it is interpreted as fault-

Table 1: Sun azimuth, elevation angle and vertical exaggeration parameters used to create respective
hillshade images.

Image No. Sun Azimuth Angle Sun Elevation Angle Vertlcal.
Exaggeration
1 045 45 1
2 090 45 1
3 315 15 1
4 315 30 1
5 315 45 1
6 315 60 1

Fig. 3. Field photographs of the Rois anticline, (a) Dip trend at northern part of the Rois anticline, (b-c)
Core and eastern limb, (d) View from the axis, showing tear fault and axis offset along it, (e-f) sub-vertical
dip of the eastern limb, (g) distant view of tear fault and frontal thrust, (h) View from the axis, showing
that mostly eastern limb is eroded. All field photographs are showing limestone of Laki Formation
(Early Eocene) except “f”, which shows limestone of Nari Formation (Oligocene).
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Table 2: Stereographic projection calculations of the Rois anticline, SKFB, Pakistan.

Structural Data Location 1 Location 2 Location 3 Location 4
Eastern limb (L1) 020/30 030/80 010/40 030/60
Fold limbs Western limb (L2) 230/8 220/08 200/06 200/08
Classification Asymmetrical | Asymmetrical | Asymmetrical | Asymmetrical
Plunge (Degrees) 3 1.5 1 1.5
Fold Axis Trend/360 025 030 011 209
Classification Horizontal Horizontal Horizontal Horizontal
Dip (Degrees) 79 54 73 64
Axial Plane | Strike/360 206 211 191 206
Classification Upright Inclined Upright Inclined
Interlimb Degrees/180 142 92 134 113
Angle Classification Gentle Open Gentle Open
Azimuth 116 120 102 120
Vergence/360
Classification ESE-vergent | ESE-vergent | ESE-vergent | ESE-vergent

Representative dip/strike values from the
opposite limbs, at four different along-strike
positions, were selected to prepare beta-
diagram to visualize fold geometry (Table 2;
Figure 4), where location 1 is the northern-most
and location 4 is southern-most, with location 3
and location 4 in between. At location 1, fold
axis of the anticline plunges at 03° towards 025
azimuths. Axial plane of the anticline is dipping
at 79° and striking to 206 azimuths, as per right-
hand rule. The anticline has an interlimb angle
of' 142° atlocation 1, measured along the profile
plane between opposite limbs. Fold vergence is
believed to be perpendicular to strike of the
axial plane and opposite to its dip direction. It is
plotted as pole to the axial plane on the
stereonet, therefore azimuth of fold vergence at
location 11s 116.

Fold axis plunges at 1.5° towards 030
azimuths at location 2. Axial plane of the
anticline is dipping at 54° and striking to 211
azimuths. The anticline has an interlimb angle
of 92° and azimuth of fold vergence is 120 at
location 2. Geometrical parameters of location
2 indicates that axial plane become gentler and
interlimb angle become tighter than location 1.
This is because more tightness in folding at
location 2 due to emergent frontal thrust,
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whereas location 1 is out of thrust-tear fault
boundary. At location 3, fold axis plunges 01°
towards 011 azimuths. Axial plane of the
anticline is dipping at 73° and striking to 191
azimuths. The anticline has an interlimb angle
of'134° and fold vergence towards 102.

Fold axis plunges at 1.5° towards 209
azimuths at location 4. Axial plane of the
anticline is dipping at 64° and striking to 206
azimuths. The anticline has an interlimb angle
of 113° and fold vergence is 120 at location 4.
Trend of fold axis plunges and strike of the axial
planes confirmed that, these are parallel in all
four selected locations of the anticline (Table 2;
Figure 4).

The fold geometrical parameters, i.e. fold
axis, axial plane, interlimb angle and fold
vergence, calculated through stereonet, are
used to classify the Rois anticline. The
calculated plunge of the fold axis ranges from
1° to 3° towards 011 to 209 azimuth, which
indicates that the Rois anticline is a doubly-
plunging anticline. The dip/strike of the axial
plane of the Rois anticline varies from 211/54°
to 206/79°, which indicates that the Rois
anticline is inclined to upright asymmetrical
anticline. The interlimb angle ranges between



92° to 142°, therefore, the Rois anticline can be Therefore, Rois anticline is classified as a
classified as gentle to open fold on the basis of ~ doubly-plunging, inclined to upright,
interlimb angle. The azimuth of fold vergence asymmetrical, gentle to open and ESE-vergent
ranges from 102 to 120, which indicate that the anticline.

Rois anticline is ESE vergent anticline.

67°48'E

67°46'E

25°18'N

25°16'N

Scale 1:10,000
0 1 2 4 Km

| Dip_Strike  —4— Anticline

= Tear Fault I Alluvium

—AReverse Fault [ Nari Formation (Oligocene)
[ Laki Formation (Eocene)

Fig. 4. Geological map, with Beta-diagrams depicting structural geometry of different segments of the
Rois anticline, as indicated by arrows. (L1=Limb 1, L2=Limb 2, P1=Pole to limb 1, P2=Pole to limb 2,
AP=Axial Plane, PP=Profile Plane, A=Plunge and trend of axis, V=Vergence).
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Doubly-plunging geometry of the Rois
anticline resulted in canoe-shaped structural
style. These types of structural style of the
anticlines are common in foreland fold belts,
where along-strike variations in fault-
propagation and associated lateral shortening
produce such three-dimensional fold
geometries (Tavani et al., 2015; Jadoon et al.,
2020; Rehman et al., 2022; Smeraglia et al.,
2024). The doubly-plunging geometry and
four-way dip enclosure indicates three-
dimensional strain accommodation, suggesting
that the deformation was not purely cylindrical.
The development of such structural styles could
be associated with spatial and temporal
variations in the mechanical properties,
thickness and rheology of sedimentary rock
layers, which controlled the fault-propagation
over geological time (Al-Mahmoud et al.,
2009; Plasienka et al., 2018; Ji and Li, 2020;
Bahramietal.,2024).

Inclined to upright and asymmetrical
attitude of the Rois anticline further confirms
the field observations of fault-related folding,
where eastern limb steepened in the hanging-
wall of propagating thrust fault. Steepening of
eastern limb in the hanging-wall of frontal

thrust suggests that the anticline has
experienced significant eastward tilting (Figure
5a) during its course of development (Al-
Kubaisi and Barno, 2015; Tavani et al., 2017;
Jadoonetal., 2020; Halepoto et al., 2023b).

Gentle to open fold nature with relatively
larger interlimb angle of the Rois anticline
suggest early stage of fold development and
low-degree of fold tightness. Gentle to open
fold geometry of the Rois anticline could be
associated with distribution of compressional
forces over a broader area of SKFB, which
leads to low-amplitude anticlines separated by
broad synclines. Furthermore, relatively larger
interlimb angle of the Rois anticline could be a
result of steep frontal thrust fault, where
anticline has experienced combined horizontal
and vertical shortening (Figure 5b) (Twiss,
1988; Welbon and Butler, 1992; Thorbjornsen
and Dunne, 1997; Li et al., 2018; Nabavi and
Fossen, 2021; Joudaki et al., 2024). Folds
developed above low-angle propagating thrust
faults generally experience dominant
horizontal shortening, therefore, tend to have
lower interlimb angles (Sengupta et al., 2005;
Jabbour et al., 2012; Nabavi and Fossen, 2021;
Zhouetal.,2024).
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Fig. 5. (a) Block diagrams showing interpreted model of the Rois anticline, (b) Interpreted fault planes of
emergent frontal thrust and northern tear fault, (c) Stress ellipsoid showing orientations of principle stress
axes during folding, (d) Stress-strain kinematics of the Rois anticline on the basis of outcrop observations.
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The ESE vergence of the Rois anticline
indicates the regional transport direction
towards the east-southeast. This vergence
direction of the anticline aligned well with
structural alignment of the Kirthar Fold Belt
and regional tectonic framework, where
compressional forces are generated by the
ongoing oblique collision of the Indian and
Eurasian plates in the west of the study area
(Figure 5¢) (Schelling, 1999; Bannert et al.,
2014; Hinsch et al., 2019; Ghani et al., 2023;
Muhammad et al., 2024; Salam et al., 2024;
Ahmedani et al., 2024). The consistency in the
trend and vergence of the Rois anticline with
regional structural trend and transport direction
suggest that it is the product of EW-aligned pure
shear and coaxial strain (Figure 5d).

4.2. Lineament Analysis

During the process of lineament
extraction, we identified 202 lineaments from
six hillshaded DEMs (Figure 6). The total
lineaments extracted from each hillshaded
DEM, their percentage to total lineaments
population, minimum, maximum and average
length of lineaments and their class per each
hillshaded DEM is given in Table 3 (Figure 7).

We extracted 44 lineaments from
hillshade image of 045/45, with an average
length of 645m. Generally, these lineaments are
transverse and shortest lineaments identified
during present study. Most of these lineaments
are identified in the back-limb of anticline
culmination, however, some lincaments also
occur in the hinge area and fore-limb (Figure 7).
The remaining five hillshade images yielded
generally longitudinal lineaments in the range
of 30-33, with average length range of 705-
767m. These lineaments are parallel to fold axis
and emergent frontal thrust, therefore they are
classified as longitudinal lineaments. The
hillshade image of 090/45 azimuth and
elevation angle yielded longest lineaments in
the Rois anticline during present study (Table
3). All extracted lineaments are merged in a
combined map and lineament density map is
prepared from them (Figure 8a-b). The
combined lineament map indicates
predominance of longitudinal lineaments
(Figure 8a-c). Mostly, longitudinal lineaments
are concentrated in the hinge zone of the Rois
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anticline and only few lineaments are identified
in its limbs (Figure 7-8).

The Rois anticline is presently interpreted
as doubly-plunging anticline having four-way
dip enclosure, therefore, it must have
experienced outer-arc extension during its
development. This outer-arc extension resulted
in the highest central part (culmination) of the
anticline. The dominant concentration of
transverse lineaments in the culmination of the
Rois anticline confirm its outer-arc extension.
The outer-arc extension of the anticline is
possible where maximum and intermediate
stress axes (o, and o,) are horizontal, and
intermediate stress axis (o,) is essentially
extensional in relation to compressional
maximum stress axis (o,) (Figure 5c-d and 8d).

The longitudinal lineaments are
developed due to fold-parallel stretching in
high-strain parts of the Rois anticline during its
development (Figure 8d). These lineaments
could be folding-related fracture planes or
minor faults, which accommodated the strain
along the axial plane of the anticline (Price and
Cosgrove, 1990; Price, 2016; Wajid et al.,
2021). The identified lineaments could also be
manifestation of fault-propagation folding,
where slip along the growing fault has been
transmitted upward along the anticlinal axial
plane, thereby producing fold and fold-related
fractures and minor faults (Casini et al., 2018;
Wajid et al., 2021; Joudaki et al., 2024). The
dominance of longitudinal lineaments (Figure
8c) indicates that compressional forces played a
predominant role in shaping the Rois anticline,
where folding resulted from fault-propagation
(Khan et al., 2007; Yaseen et al., 2021). The
fault-propagation folding is also supported by
the asymmetry of the anticline, where steep to
sub-vertical eastern limb is underlain by
emergent frontal thrust, which is responsible
for formation of the Rois anticline.
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Table 3: Total identified lineaments, their percentage to total population, length and class per each

hillshaded DEM.
Lineaments Total Percent to Length of Lineament (m) Dominant
Extracted | Lineaments Total Class of
from Detected Population | Minimum | Maximum | Average | Lineaments
Hillshade
045/45 44 22 392 1904 645 Transverse
Hillshade —
090/45 33 16 375 3089 767 Longitudinal
Hillshade —
315/15 33 16 392 1773 741 Longitudinal
Hillshade —
315/30 31 15 400 1494 705 Longitudinal
Hillshade —
315/45 31 15 392 1742 707 Longitudinal
Hillshade —
315/60 30 15 395 1864 720 Longitudinal
Total 202 100 375 3089 721 | Longitudinal
Population
]?uphcate 15 7 400 1490 704 Longitudinal
Lineaments
Total 187 93 375 3089 723 Longitudinal

4.3. Regional Tectonic and Kinematic
Significance

The outcrop observations and lineament
analysis provided significant insights into the
regional tectonic and kinematics of the study
area. The development of the Rois anticline is
ultimately linked to the oblique collision of the
Indian Plate and Afghan Block. The anticline
has accommodated tectonic shortening through
folding and underlying fault propagation, as
indicated by the fold-fault relationship. The
Rois anticline is a small-scale anticline,
therefore its development could be attributed to
localized strain partitioning in the study area.
The localized strain partition is accommodated
by the flexural slip and folding. Despite being
located adjacent to NS-trending, left-lateral
convergent wrenching regime of the Ornach-
Nal and Chaman plate boundary, no strike-slip
faulting parallel to plate boundary is observed
in study area. It indicates significant strain
partitioning along the Ornach-Nal and Chaman
plate boundary, where left-lateral deformation
has been accommodated and is not transmitted
to foreland (Schelling, 1999; Ghani et al. 2023).
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The strike-slip deformation is restricted within
the hinterland and is manifested by seismically
active faults, whereas, dip-slip compressional
deformation is transmitted to the foreland
(Khan et al., 2011; Szeliga et al., 2012; Hinsch
et al., 2019). Therefore, the Rois anticline is
interpreted to have developed as a result of
compressional pure shear associated with
oblique convergence (transpression) between
the Indian Plate and Afghan Block along the
Ornach-Nal and Chaman plate boundary. The
consistency of trend of the Rois anticline with
regional structural trend of the Southern Kirthar
Fold Belt and transport direction indicates that
itis product of the coaxial strain.
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Fig. 8. (a) all lineaments extracted from hillshaded images of different sun azimuth angle are combined
and plotted against fold axis, faults and drainage pattern of the Rois anticline, (b) Lineament density map
indicating number of lineaments per square kilometer, (c) Rose diagram showing orientation of
longitudinal lineaments (Green) and transverse lineament (Martian), (d) Schematic diagram
of the fault-propagation fold showing lineament distribution pattern in the Rois anticline.
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5. Conclusions

The Rois anticline is about 6.5Km along

and 02Km across strike, N-S trending , having
four-way dip enclosure. It is bounded by emerg
ent frontal thrust fault in the eastern limb and
lateral ramp (tear fault) along the northern
part. Geometrical parameters of the Rois
anticline suggest that it is a doubly-plunging,
culminated, inclined to upright, asymmetrical,
gentle to open and ESE-vergent, having
steep eastern and gentle western limbs.
The transverse and longitudinal lineaments are
identified in the Rois anticline. Transverse
lineaments occur in the culmination, indicating
anticline has experienced outer-arc extension.
The longitudinal lineaments are concentrated in
hinge area of the Rois anticline, which indicate
fold-parallel stretching in its high-strain parts.
The development of the Rois anticline is linked
to the oblique collision of the Indian Plate and
Afghan Block along the Ornach-Nal and
Chaman plate boundary. The Rois anticline has
accommodated localized coaxial strain
partitioning, associated with regional pure
shear.
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