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Abstract

In the research area compressional stresses caused by the collision of Indian and Eurasian plates developed the
northwest- southeast trending faults which are Riasi Fault (RF), Palandri Fault (PF), Godri Badshah Fault (GBF) and
Chhechhan Fault (CF). The objective of research was to interpret the Fault activation based on Geo-hazard parameters
includes active faults, slope gradient and Geo-hazard zonation on the basis of Geographical Information System,
restrain with the previously known geological and structural information. Digital Elevation Model use to contemplate the
faults, slopes, topography, contours, watershed, hill shade, aspect, and stream network. Faults activation is also mark
based on geomorphological features, outcrops and linear landslides. It's required to creating a new high-resolution DEM
using GIS Software Arc GIS v10.2 with its 3D Analyst extension. The faults are reverse in nature and have Strike Slip
movement bearing Fault gouge and crushing. The folds in research area are open to gentle and northeast southwest
vergent. Mapping disclose the well exposure of Siwalik group of Early Miocene (Tm Formation) to Late Miocene (Tdp

Formation) rocks in the research area.
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Introduction

The research area lies in the Sub-Himalayas. The fold and thrust
procedure are the result of Indian and Eurasian collision in Himalayan
territory. The project area is bounded by Main Boundary Trust (MBT)
to the East, Jhelum Fault (JF) to the West, Salt Range Thrust (SRT) to
the South and it lies in the south of Bagh Basement Fault (BBF) (Figure
1). The area is the part of Sudhnoti and Kotli districts of Azad Kashmir,
Pakistan.
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Figure 1: Regional tectonic map of Pakistan on digital elevation model,

rectangle shows the location of study area.

The major folds in the area are Androt Syncline, Mangriot Anticline,
Namb Peprian Syncline, Palandri Anticline, Dhardarch Syncline,
Chhechhan Anticline and Holar Syncline. The northern part of study
area has been separated by northwest-southeast trending faults and folds
and are related to Himalayan compression. These faults are Riasi Fault
(RF), Palandari Fault (PF), Godri Badshah Fault (GBF) and Chhechhan
Fault (CF). The Riasi Fault is the major fault passing through the area.
The geo-morphological features proposed that Riasi Fault, Palandari
Fault, Godri Badshah Fault and Chhechhan Fault are active.

Stratigraphy

The research area lies in the sub-Himalayas. It is essentially
composed of Miocene to Pleistocene molassic sediments derived from
the erosion of Himalayas and these molasse deposits, known as the
Murree and Siwaliks Formations are internally folded and imbricated
[1]. Stratigraphic sequence of research area includes the Murree
Formation, Kamlial Formation, Chingi Formation, Nagri Formation
and Dhok Pathan Formation (Figure 2).

After successful surgical implant of the cfLVAD and a primarily
prophylactic intracutaneous defibrillator to prevent ventricular
arrhythmia, organ functions improved, and the general state of health
ameliorated appreciably. The right ventricular function represented
itself as satisfactory. Twenty days after cfLVAD implantation the patient
was discharged to a rehabilitation clinic.

Murree formation

The "Mart Group" of Wynne (1874), "Murree Beds" of Lydekker
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Figure 2: Structural and stratigraphic investigation of Namb Peprian,
Chhechhan, Holar and Sarsawah areas of Sudhnoti and Kotli, Azad Jammu
and Kashmir, Pakistan.

(1876) and "Murree Series" of Pilgrim (1910) have been formally named
Murree Formation by the Stratigraphic Committee of Pakistan. The
series of alternate beds of sandstone, siltstone and shale with subordinate
conglomerates [2-5].

In the area, the Murree Formation consists of light greenish
grey calcareous cyclic sequence of sandstone, clay and layers of
conglomerates (Figure 3). It has transitional contacts with overlying
Kamlial Formation and underlying Kuldana Formation. Early Miocene
is the age of Murree formation [6].

Kamlial formation

The “Kamlial beds” of Pinfold (1928) have been named as Kamlial
Formation by Startigraphic Committe of Pakistan [7,8]. The Middle to
Late Miocene Kamlial Formation that largely consists of sandstone and
interbedded clay/mudstone sequences is exposed in the southwestern
part of the Kohat plateau, which constitutes the westernmost extension
of the Himalayan Foreland Basin [9].

In the area, Kamlial Formation consist of dark brick-red sandstone
and intraformational conglomerats (Figure 4). Wood fossils and leaves
prints are also present near Tahlian (Figure 5). The lower gradational
contact of Kamlial Formation with Murree Formation and the upper
contact with the Chingi Formation. The age of Kamlial Formation is
Middle to Late Miocene [8].

Chingi formation

The name Chinji Formation was recognized by the Stratigraphic
Committe of Pakistan [8]. Lewis further work is on it [10]. In the study
area Chingi Formation is not well exposed but small beds of red clay and
brownish grey sandstone (Figure 6) are disclose near Panjera and Nandi
Chhanni. The upper contact with Nagri Formation and lower contact of
Chingi Formation with Kamlial Formation are gradational. Middle to
Late Miocene is the age of Chingi Formation [8].

Figure 3: Photograph shows the cyclic sequence of clays and sandstone in
Murree formaton near Palandri, Coordinates 73°41'04" E, 33°42'49" N.

Figure 4: Photograph shows intraformational conglomerates in Kamlial
formation near Namb Peprian, co-ordinates 73°41'00" E, 33°44'51" N.

Figure 5: Photograph shows wood fossil in Kamlial formation near Tahlian,
co-ordinates 73°43'28" E, 33°39'43" N.
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Figure 6: Photograph shows sandstone and clay of Chingi formation near
Panjera, Coordinates 73°46'51" E, 33°35'11" N.

Figure 7: Photograph shows massive sandstone in Nagri Formation near
Holar, coordinates 73°36'55" E, 33°35'20" N.

Figure 8: Photograph shows volcanic clast in Nagri Formation near Holar,
coordinates 73°38'35" E, 33°37'14" N.

Nagri formation

Lewis gives the name “Nagri formation” accepted by the
Stratigraphic Committe of Pakistan [10]. In the area, the Nagri
Formation consists of sandstone, clay and layers of conglomerates.
The sandstone is compacted massive and medium to coarse grained.
The color of sandstone is grey, light grey and greenish grey (Figure 7).
Chingi Formation exposed in Atkora and Holar. The volcanic clasts
are also present in Nagri Formation (Figure 8). The upper contact with
Dhok Pathan Formation and lower contact with Chingi Formation are
gradational. Early Paleocene is the age of Nagri Formation [8].

Dhok pattan formation

The Stratigraphy Committe of Pakistan accepted the name Dhok
Pathan Formation given by Lewis [10]. In research area, the Dhok
Pathan Formation exposed in Holar and consist of sandstone, clays
and compacted conglomerate level. The sandstone in Dhok Pathan
Formation is relativel soft with respect to Nagri Formation (Figure 9).
The sandstone is grey, light grey and reddish brown. Falser bedding are
characteristic features of Dhok Pathan Formation. The lower and upper
contact contact of Dhok Pathan Formation with Nagri Formation and
Soan Formation are gradational. The age of Dhok Pathan Formation is
Early to Middle Pliocene Pascoe [11].

Structure

Major Structures in the research area are folds and faults. The
northern part of study area has been separated by northwest-southeast
trending faults and folds and are related to Himalayan compression.
These folds are open to gentle and northeast southwest vergent (Figure
10 and Table 1).

Faults

The rocks in the research area are highly signifier due to the collision
of Indian Plate and Eurasian Plate in the Himalayan tertiary [12]. In the
study area compres-sional stresses caused by the collisional of Indian
and Eurasian plates developed the northwest- southeast trending
faults which are Riasi Fault, Palandri Fault, Ghodri Badshah Fault and
Chhechhan Fault.

Riasi fault: The >60 km-long Riasi fault system is the southeastern
most segment of a seismically active regional fault system that extends
more than 200 km stepwise to the southeast from the Balakot-Bagh fault
in Pakistan into northwestern India [13]. In study area Riasi Fault is
northwest-southeast trending fault and runs from the Manuta (Figure
11) and west of the Magnriot Anticline and to east of the Namb Peprian
Syncline. It is NE dipping fault and Kamlial Formation thrusted over
the Murree Formation in some areas (Figure 12). It runs from Murree
Formation near Kulkhala and Panjera.

The fault is mark based on dislocation, fault gouge, shearing,
crushing and bending of streams in the research area (Figure 11).
Bending of streams and dislocation suggested that the hanging wall
block moves upwards, and foot wall block moves downwards.

Figure 9: Photograph shows soft and friable sandstone of Dhok Pathan
formation near Holar, coordinates 73°37'40" E, 33°36'06" N.
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STRUCTURAL CROSS SECTION OF DARDARCHH, PALANDARLAXD % AMB FEFRIAN, AZAD
KASHMIR.

S
Baierch oo adsieh D Bl
W EETS AMitls  Fush

ATRUCTURAL CROSS SECTION OF HOLARCHHECHHAN DARDARCH PALANDARLNAMB
PEPRIAN MANGHROAT AND ANDROT AZAD KASHMIR.

[ ep—

— — o

Prdersth
= : e

"
I ekl Pilssdarn
1

.
it i
Vot s i

B w
Legend

LATE MK ENE DHOK FATTAN FORMATION

LATE MIOCENE NAGRI FORMATION

MIDDLE TOLATE MIOCEXE CHINGE FORMATION

EARLY TO MIBDLE TO MIBDLE MIOUENE RAMLIAL FORMATION

EARLY MITHENE MURREE FORMATION
FREFARED BY
EOCENE ROLTAN S FORMATION GROUR 01
PALEOCENE TO EOCENE
—— Uncmnfrmity —

FALEOUERE TO KOCENE RUCK  DEPARTMENT OF
GEOLOGY, UPR
CAMBHIAY SMUZAFARABAD FORMATION  AJK

PRECAMBRIAN THBRA FORMATION

BEN RO RND

BASEMENT ROCKS

Figure 10: Sub-surface cross-sections of research area.

Figure 11: Dislocation along Riasi Fault near Manuta area coordinates
73°44'51" E, 33°44'05" N.

Figure 12: Truncation of strata along Palandri fault near jail building ring
road Palandri, coordinates 73°41'51" E, 33°42'53" N.

Figure 13: Dislocation along Palandri fault on the Gora Road, coordinates
73°40'42" E, 33°43'55"N.

Figure 14: Linear landslide along Godri Badshah fault coordinates
73°40'42" E, 33°43'55"N.

J

Palandri fault: The Palandri Fault is a northwest-southeast
trending and northeast dipping reverse fault. It is an intraformational
fault that runs in the Murree Formation (Figure 2). It runs from west
of the Namb Peprian Syncline and east of the Palandri Anticline and
it passes from Sehr area. In some areas the attitude of fault plane is
N60°W/68°NE. The fault is mark based on Truncation of strata,
dislocation, gouge, tilting of trees, shearing and crushing in the
research area (Figures 12 and 13).

Godri Badshah fault: The Godri Badshah Fault is a major fault
passing through near Channi and Sarsawah areas. The Godri Badshah
Fault is northwest-southeast trending fault. In the northwestern part
Murree Formation is thrusted over the Kamlial Formation and in
southeastern part Kamlial Formation thrusted over Chinji Formation.
The folding, banding of streams, tilting of trees, crushing and linear
landslides are present along the fault plane (Figure 14).

Chhechhan fault: The Chhechhan Fault is a major fault passing
through the Chhechhan area. The Chhecchan Fault is northwest-
southeast trending fault. The Kamlial Formation is thrusted over the
Chingi Formation. The attitude of fault plane is N41°W/62°NW. The
crushing, dislocation and folding are present along the fault plane
(Figure 15).

Methodology

Digital Elevation Model (DEM) of Shuttle Radar Topography
Mission (SRTM) of 30 meter spatial resolution will be freely
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Figure 15: Dislocation along Chhechhan fault near Nandi Channi,
coordinates 73°40'42" E, 33°43'55"N
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Figure 16: Outline of methodology.

downloaded from United States Geological Survey (USGS) website
(http://earthexplorer.usgs.gov/). Physical parameters i.e., slope angle,
elevation, aspect, internal relief, slope length, drainage pattern, stream
density will be extracted from SRTM DEM in ArcGIS environment.

Fault activation is also marked on the basis of Gouge material,
crushing and shearing, tilting of trees, outcrops and geomorphological
features. This required creating a new high-resolution DEM using GIS
Software ArcGIS v10.2 with its 3D Analyst extension (Figure 16).

Discussion

Northwest Himalayan fold and thrust belt is baccilar due to
collision of Indian and Eurasian plate. The Indian plate is presently
poignant at the rate of 3.7 mm/year with respect of Eurasian plate. The
uninterrupted movement and collision of plates wrought the structural
geometry of the Himalayan orogenic belt. The major syntaxial crook
in the area is the Hazara Kashmir Syntaxis. The study area posture
along the southern part of Hazara Kashmir Syntaxis. This area is
the component of Kashmir foreland-fold-and-thrust belt, which is
an active belt. This foreland fold-and-thrust belt is highly distorted,
sheared and fractured. The Early Miocene to Late Miocene sedimentary
rock sequence is uncovered in the project area. This molasse sequence
comprise the Murree, Chingi, Nagri and Dhok Pathan Formation. This
molasse sequence is formed by the uplift and erosion of Himalayas and
deposition of these sediments in the southward migrations foreland
basin (Table 1).

The major folds of the area are Androt Syncline, Mangriot
Anticline, Namb Peprian Syncline, Palandari Anticline, Dhardarchh
Syncline, Chhchhan Anticline and Holar Syncline. Mostly folds in the
study are northwestern and southeastern trending, northeastern or
southwest plunging and open to gentle. The major faults of the area
are Riasi Fault, Palandri Fault, Godri Badshah Fault and Chhechhan
Fault. The Riasi Fault is the major fault of project area. It is between the
Murree Formation and Kamlial Formation. The rocks are fractured and
crushed along Riasi Fault. Tilting of trees along the Raisi Fault shows
that the fault is an active fault. The Palandri Fault is well exposed in
Palandri area. The imbricate style of thrusting is dominant in the area.

Attribute of Bedding Plunge and Trend of Fold Type of
Folds Axis Attitude of Axial Plane Intern Limb angle ‘g;ld
Northeastern Limb Southwestern Limb
Androt Syncline N450W/35°NE N480W/400SW 20/1330 N47°W/87°NE 1050 Open
Mangriat Anticline N450W/35°NE N310W/320SW 40/3220 N390W/88°SW 113.60 Open
Northwestern Part
N45OW/A5NE N46°W/300SW 10/1340 N46°W/82°NE 1350 Gentle
Namb Peprian Syncline | southwestern Part Gentle
N4OOW/26oNE N310W/3208W 20/3250 N36°W/87°NE 122.20
Northwestern Part
N420W/320NE N51°W/300SW 30/1340 N47°W/89°oSW 118.20 Open
Palandari Anticline South ¢ Part
outhwestern Pa
NAOOW/26oNE N510W/300SW 30/1340 N460W/88°NE 124.30 Gentle
Northwestern Part
. N24oW/25NE N26°W/15°SW 10/156° N250W/85°SW 1400 Gentle
Dardarchh Syncline South . Part
outhwestern Pa
N44oW /650NE N51°W/300SW 40/1340 N36°W/17°NE 94.80 Open
Chhechhan Anticline N440W/65°NE N580W/550SW 120/1300 N170E/12oNW 118.6° Open
Holar Syncline N51oW/20°NE N530W/18°SW 10/128° N380W/89oSW 1420 Gentle

Table 1: Folds in research area.
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Conclusion

In Conclusion, the purpose of our research is to interpret the Fault
activation based on Geo-hazard parameters includes active faults, slope
gradient and Geo-hazard zonation based on Geographical Information
System, restrain with the previously known geological and structural
information. Digital Elevation Model use to contemplate the faults,
slopes, topographic, contours, watershed, hill shade, aspect, and stream
maps. Fault activation is also marked on the basis of Gouge material,
crushing and shearing, Tilting of trees, outcrops and geomorphological
features. This required creating a new high-resolution DEM using GIS
Softwear ArcGIS v10.2 with its 3D Analyist extension. In the research
area compressional stresses caused by the collision of Indian and
Eurasian plates developed the northwest- southeast trending faults
which are Riasi Fault (RF), Palandri Fault (PF), Godri Badshah Fault
(GBF) and Chhechhan Fault (CF). The faults are reverse in nature
and have Strike Slip movement bearing Fault gouge and crushing.
The folds in research area are open to gentle and northeast southwest
vergent. Mapping disclose the well exposure of Siwalik group of Early
Miocene (Tm Formation) to Late Miocene (Tdp Formation) rocks in
the research area.
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