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ABSTRACT

This study deséﬁbes the geology and structural set-up of a 168 km? area along the
Darra Adam Khel-Kotal pass tran;ect m the I.(Aouh.ét Hl]lRange The area comprises, from
bottom to tob, the Jurassic Samana suk, the Cretaceous Chichali, the Lumshiwal, the
Kawagarh, the Palaeocene Lockhart and Patala, (Palaeocene), the Eocene Kohat and the
Miocene Murree Formations. The area is deformed into complex structures. The principal
structure is a "pop-up”. It comprises a south verging thrust (Main Boundary Thrust) at the
southern flank against the Kohat plateau and a pair of north verging back thrusts at the
northern flank against the Peshawar plain. Between these divergent thrusts , there are large

scale fold structures (some with half-wave lenght > 7 kms) which have a fan shaped geometry,

conforming to the pap-up style of deformation exhibited by the thrusts.

Overall four phases of deformaticn are recognized in the studied part of the Kohat Hill
Range. D1 phase of deformation resulted in local duplex structure, just to the south of the
Kotal pass. At least two horses have been recognized each with a stratigraphic range between
the Samana suk and Kawagarh Formations, stacked below a roof thrust in the Kawagarh
Formation. D2 is the principal phase of defo‘rmation relatéd with the development of Main
Boundary Thrust (MBT), the back thrusts and fan-shaped foltj:ing and pop-up shape of the Hill
range thrust sheet. D3 is post folding and is represented by out-of-the-syncline thrusts in the
southern limb of the Wahabian valley syncline. D4 is marked by low angle normal faults,
which represent gravity cdllapse of the abnormally uplifted Hill range in the latest stages of
deformation. The deformation in the Kohat Hill Range started after the deposition of the

Miocene Murree Formation and probably continued until recently.
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looking from south. Note the major box shaped syncline, with its
southern overturned limb. The contact between the Palaeocene
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A view of the Kotal pass syncline. Note its southern limb which

has been overridden on the Kohat and Murree Formations.

View of the Akhur wal fan fold and Bazi Khel domal structure,

looking from west. Note the horizontal beds in the core of the fan

fold and the north south and west ward dipping beds of the dome.
p

Excellent south (left side) and north (right side) dipping beds of

the Barami valley anticline. A stream follows the core of the

nticline.

A view of the Kot mela syncline, looking west from the metaled
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A view of the southern overturned limb of the wahabion valley
syncline (looking east) in the core of which the Lockhart and

Patala Formations are repeated due to tight, cylindrical folding.

Tight isoclinal overturned folding with south west plunging folds
axes developed in the shear zone of the Patala Formation, between

the back thrust on the northern flank of the study area.
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a normal fault. Note that there is a repetition of the Samana Suk-
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Fig 3.15

Fig 3.16

Fig 3.17

Chichali-Lumshiwal and Kawagarh sequence more than once due

to imbrication, forming a local duplex structure.

A model for the development of local duplex structures during the
deformation phase D1. Thrust horses involve stratigraphy
comprising (from bottom to top) the Samana Suk, Chichali,
tumshiwal and Kawagarh Formations. At least three thrust slices
are recognized in this area. D2 phase of deformation has
overturned these thrust slices, which now occur in a large faﬁ—

shaped fold along the southern slope of the Kotal Pass ridge.

A schematic model showing the development of the D2 pop-up
fold and thrust (including MBT) structures in the Kohat Hill
Range thrust sheet. a) simplified stratigraphic succession prior to
deformation. b) development of south-verging detachment
anticlines and blind and emergent thrﬁst structures due to
displacement along the basal detachment at the base of the Jurassic
strata. c) inhibition of displacement along MBT, results in the
development of north-verging ractures. Further compression in
the transport irection results in the northward folding of the upper
limbs of D2a ‘anticlines along  north-verging  blind
fractures,resulting in the displacement of pop-up fan-shaped
anticlines. Some of the north-verging fractures become emergent
back thrusts, displacing the Mesozoic strata on top of the Tertiary
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check post. Late normal faults displace Ighe-shaped tectonic
blocks of the Palaeocen strata (T1) southward on top of the steeply
dipping Mesozoic succession (Samana Suk, Kawagarh), modified

after Ghauri, et al. (1983).

An allocthonous block of Palaeocene strata resting tectonically on
top of steeply.dipping Mesozoic succession along normal fault.
Within the tectonic block there is an imbricate thrust (Fig.3.19),

which brings the Lockhart Formation to lie on top of a normal

Lockhart-Patala succession.

A close view (A & B) of the imbricate thrust (Fig. 3.19, 3.20),
which brings the Lockhart Formation over a normal Lockhart-
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Fig 4.2

Pass area of the Kohat Hill Range (not to scale): a) development
of the southern overturned limb of the Wahabion valley syncline,
with positions of, tovbe, out-of-the-syncline thrust (D3), showing
by F3, b) southward displacement of the shallow dipping strata
from the core of the syncline on top of the steep limb of the
syncline. Also shown is the position of the fault (F4) which, in the
next stage, marked the gravity collapse (D4) of the abnormally
uplifted terrain in the Kotal Pass area, c¢) development of south-
verging normal fault, which (lispiaced abnormally uplifted
Palaeocene strata (out-of-the-syncline thrust in stage b), downward
on the southern steep limb of the syncline. Jss=Jurassic Samana
Suk Formation, K¢ = Cretaceous Chichali, Fm, Kl=Cretaceous
Lumshiwal Fm, Kkg=Cretaceous Kawagarh Fm, Tl=Tertiary

Lockhart Fm, Tpa=Tertiary Patala Fm.

A view (A & B ) of the fault breccia on the southern slope of the
Kotal pass area, associated with the normal fault p_l_anes.,This
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1.1 INTRODUCTION

The Kohat Hill Range is a part of the Himalayan mountain belt, located in the
N.W.F.P. province of North Pakistan. It is continuous with the Kalachitta Range in the east -
and the Samana Range in the west and is bounded by the Peshawar and Kohat plains on the
northern and southern sides respectively.

The Himalayan foreland fold and thrust belt of northern Pakistan is being underthrust
by crystalline basement along a single detachment surface (Seeber et al., 1981; Lilli et al,,
1987). The Main Boundary Thrust (MBT) is a regional fault that brings the MesozoicCenozoic
shelf sediments of the hill ranges (Margala, Kala chitta, Kohat, Samana and Safed Koh) to lie
tectonically over a pile of molasse sediment, deposited in the foreland basins of Potwar and
Kohat, (Yeats and Hﬁssain, 1984). Disruption along the MBT zone started probably around
early Miocene times as suggested by the involvement of the Miocene Murree Formation in
deformation (Burbank, 1983; Yeats and Hussain, 1987). Structures associated with this major
fault, include duplex systems, back thrusts (Gliauri et al, In press) and divergent folds (Khan
et al. 1990). These structures are spread over an approximately 22 km wide zone in the Kohat
Hill Range.

Earlier accounts of the MBT and its associated structures are gi&en by Cooter, (1933).
Various segments of the MBT zone have been subsequently mapped in relatively greater
details, resulting in the recognition of a large number of folds and thrust structures associated
with it (Gardezi, 1974; Gardezi et al., 1976; Ghauri et al., 1983; Akhter et al., 1‘984; [zat,
1990; Khan et al, 1990). | |

This project involves the remvestxgatlons of the structures in the hangmgwa][ of the
MBT along the Darra Adam Khel Kotal pass transect in the Kohat Hl” R'mge e

The Kohqt Hl]] Rang,e is mainly defmmed by popup style both by imbricate thrusts,

forming a local duplex zone and by folding including large divergent or fan shaped anticlines

and broad box shaped synclines. The youngest phase of the tectonic activity gassociated with




— QP

the MBT, has resulted in the development of outofthesyncline thrusts and normal faults, which

have not been previously, recognized.

!
:
]",
1.2 GEOGRAPHIC DESCRIPTION *I
Much of the Kohat Hill Range, including the study area is a tribal territory which is !
known for its gun manufacturing town of Darra Adam Khel. The tribal areas of N.W.F.P. are 1
not covered by the laws of the Government of Pakistan. However, the Government has a
liaison with the tribal administration through an Assistant Political Agent who sits in Kohat
F.R.‘ house. Within the area itself more than one tribal jurisdictions exist.
The Kotal pass connects the Peshawar and Kohat plains by an 8 km metaled road.
The study area encompasses 168 Km? of the Kohat Range. It lies in the Survey of
Pakistan topographic sheets no 38 O/6 and 38 O/10 between latitudes 33° 35' 20" and 33° 45°
0" N and longitudes 71° 25' 7" and 71° 30' 40" E. The base map was prepared by enlarging
* two times the quarter degree sheets (Fig. 1.3a). |
The study area is accessible by the metaled PeshawarKohat road which passes through
Kotal pass and Darra Adam Khel. This work was restricted to 6 km on the either side of the

road in east west direction. Several secondary unmetaled roads run eastwest in the area,

providing good access. However, most of the traverses in the interior parts of the study area

were made on foot.

= The study area consists of moderate to high relief, ranging from 527 meters above sea

level at valley floors to about 1647 meters above sea level at Mirwal Sar, the highest summit in

the study area.
1.3 PREVIOUS WORK
The Kohat region has received the attention of geologists for a long time probably

because of its salt deposits (Burnes, 1832 b; Oldham, 1886; Gee, 1935). Khan, M. A,

(1968) established the stratigraphic sequence on the southern slope of the Kotal pass, which is

a lithlogical description of different rocks.




Fatmi (1973) described the lithostratigraphy of the Kohat area. Meissner et al. (1973),
mapped the entire Kohat quadrangle on the scale of 1:2,50, 000, mostly with the help of air
photographs. Gardezi et al. (1976), ;arried out first detailed work in the study area.They
produced a map on the scale of 1:50,000, for the Darra Adam Khel area, Qutlined the
stratigtraphy and studied the facies changes. Rabbani and Mazhar, (1978) have}mappred and
discussed the geology of Orakzai Agency.Gilmour et al. (1981) have concentrated on the
carbonate petrography and microfacies of the Samana Suk Formation from the southern slope
of the Kotal pass.Ghauri et al. (1983) have mapped the southern slope. of the Kotal pass and:
divided the area into three structural dorpa_ins. The domingnt structure within the first domain
is a refolded recumbent fold with t‘he‘.Patala Formation in its core. Multiple repetition of the
Samana Suk and Chichali Formation are shown in second domain. The structure has been

explained by tight overturned folds.
1.4 Present work

The present work is restricted to the vicinity of the metaled PeshawarKohat road in
the Kohat Hill Range which was previously mapped by Gardezi et al. (1976) and Ghauri et al.

(1983).
1.4.1 Objectives of the investigation

This study was carried out with objectives of local and regional implication in the field

of structural geology. On a local scale the objectives are:

1).‘ to remap the study area at 1:25,000 scale with the help of aerial photographs and
surface toposheets.

2) to update the stratigraphy of the study area. Chapter 2 describes various startigraphic
units of the area in de,tail;

3) to recognize the style of deformation of the Kohat Hill range, i.e., whether the Kohat

Hill range has been deformed mainly by faulting or folding.

4} to clarify the repetition of the Samana Suk, Chibhali, Lumshiwal and Kawagarh

3
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Formations as well as that of the Lockhart and Patala Formations, i.e., whether these
repetitions are due to tight folding or imbrication. Chapter 3 describes various
structural pattern in detail.

5) to determine successive phases of deformnation, and position of various structures in
this sequence.
on regional scale the objectives are:

D to clarify the stratigraphic and structural relationship between the Kohat Hill R;ange and
adjoining Hill Ranges(Kalachitta and Attockcherat and Samana S@k).

2) to provide data that will further constrain mod_els of the tectonic development of the

Hill Ranges of north Pakistan.
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2.1 Stratigraphy of the Kohat Hill Range.

The rocks ranging in age from Jurassic to Miocene are exposed in the studied area. They

were divided into nine formations by Gardezi et al.(1976),i.e., the Samana Suk, Chichali, Zarghun

Khel, Lumshiwal, Kawagarh, Hangu, Lockhart, Patala and Murree Formations. No rocks younger

than Miocene in age are exposed in the studied area (Table. 2.1). However, the present

investigations, shows that the Zarghun Khel and the Hangu Formations are not exposed in the studied

area as described by Gardezi et al.(1976). The Lumshiwal Formation, 6 meters thick is restricted to
the southern part of the studied area. About 12 meters thick Kohat Formation was also found in the
southern part of the studied area which has a faulted contact with the Samana Suk Formation. In
addition to my own observations, the formation names and descriptions used here, are derived from

the work of Meissner et al. (1974), Gardezi et al. (1976), and Shah (1977).

2.2 Jurassic succession

2.2.1 Samana Suk Formation

Davies (1930) introduced the name "Samana suk” for the Jurassic limestone in the Samana
Range. The name is extended to include similar limestohe sequence in the Salt Range, Trans-Indus
Ranges and Hazara areas (Shah 1977).

In the studied area, it is thin to thick bedded, light to medium gray, well jointed limestone
and dolomite with pitted surfaces. In lower parts, the formation is éomposed of highly sheared
calcareous shale, followed by grayish fine grained sandy limestone and orange brown coarse

limestone in the upper parts (Fig. 2.1). Dark brown coloured dolomatic bands are interbedded with

yellowish to gray coloured limestone (Fig. 2.2). The butcher chop structure is the common

weathering phenomena of the dolomite beds. There are some beds which show well developed cross

bedding (Fig. 2.3)

In the studied area, thickness of the formation is difficult to measure due to intense folding

and faulting, however, 186 meters thickness is observed at the type locality. The lower contact is not




Table2.1  The stratigraphy of the Darra Adam Khel-Kotal pass transect

(Kohat Hill Range).
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Fig 2.1 Grayish fine grained sandy limestone (at the left side) and orange

brown coarse grained limestone (at the right side) of the Samana

Suk Formation. The Iength of the pen is 14 cm.







Fig 2.2

Dark brown coloured dolomitic bands interbedded with yellowish )

to gray coloured limestone of the Samana Suk formation.







Fig 2.3 Excellent cross bedding have dé@igﬁménf in the Samana Suk

Formation. The length of the pen is 14 cm, (bottom right of the 'r-

photograph).
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exposed. The upper contact is disconformable with the Chichali Formation (Shah, 1977).
The formation is oolitic at places and contains Foraminifera and megafossil fragments,

including, Belemnopsis grantana, Protocardia, Eomiodon indicus and Corbula lyruta (Shah, 1977).

2.3 Cretaceous succession

2.3.1 Chichali Formation

The Belemnite beds of Spath (1938), Gee (1945) and Spiti shale of Middlemess (1896),

Cotter (1933) were formally renamed the Chichali Formation by the Stratigraphic Committee of

Pakistan (Shah 1977).

In the studied area, the formation consists of glauconitic, sandy shale. It contains 7 cm thick
bands of dark unfossiliferous limestone (Fig. 2.4). It is 7 meters thick in the studied area.
The upper contact with the Lumshiwal Formation is sharp (Fig. 2.5), and the lower contact

with the Samana Suk Formation is disconformable.

It is fossiliferous, containing, Ammonoids, Crinoid spicules and abundant Belemnites.

2.3.2 Lumshiwal Formation

The name Lumshiwal Sandstone of Gee (1945) was formally amended by the Stratigraphic

- Committee of Pakistan. The name is extended to Hazara, Kalachitta and Kohat areas.

In the studied area, it is composed of dark glauconitic and calcaréous sandstone in the lower

part, with dark rusty brown weatllerihg c.diour, which is overlain "’by thin to thick bedded,

argillaceous, orange yellow limestone (Fig. 2.6).

In the studied area, it is 6 meters thick. The lower contact with the Chichali Formation is

_ sharp and the upper contact with the Kawagarh Formation is disconformable (Fig. 2.7). In the studied

area the formation is poor in megafossils.

- 2.3.3 Kawagarh Formation

The "Kawagarh marls" of Day (in unpublished Attock Oil Companys'report), for the upper

Cretaceous rocks, exposed in the Kawagarh hills, north of Kalachitta Range, was formally:renamed

10
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Fig 2.4

"Apart of the Chichali Formation containing glauconitic sandy.

shale with abundant Belemnites, interbedded with bands of 7 cm

thick dark’ unfossiliferous limestone. The length of the hammer is

22 cm.







the Kawagarh Formation by the Stratigraphic Committee of Pakistan (Shah 1977).

In the studied area, it is composed of light to médium gray, finely crystalline t_oy aphanitic
limestone which weathers to dirty gray and yellowish gray colour. It has got the interléalation of
shale. Upper and lower parts of the formation are thin to:medium bedded, whereas the middle part is
medium to thick bedded. It breaks with a conchoidal fractures and when struck with the hammer
breaks into splinters and sharp angular fragments with a metallic tone.

On account of intense folding in the studied area, the thickness is difficult to measure. At

type locality the thickness varies from 40 to 70 meters, In the studied area, the formation has

disconformable and conformable contacts with the underlying Lumshiwal and the Overlying

Lockhart Formations respectively.

No mega fossils are found, however, microfossils are abundant. Globotruncana and |

Gumbelina are the most abundant of all the micro-fossils (Khan 1968). . |

2.4 Palaeocene succession

2.4.1 Lockhart Limestone

The term "Lockhart Limestone" of Davies (1930‘a5,ha5 been extended to similar units in other |
parts of the Kohat-Potwar and Hazara areas by the Stratig‘raphic Committee of Pakistan (Shah 1977).

In the studied area, it is composed of light to dark gray limestone which is yellowish brown
to black on weathered surfaces. Medium to thick bedded, but generally iér_assive, forming steep cliffs. |
The limestone shows well developed nodularity and the nodules vary”in size. At places, the iron

nodules are also present. It is generally bituminous and gives off fetid odor on freshly broken

surfaces.

R In the studied area, due to severe folding and faulting, the measuring of its thickness is not

easy. However, at type locality it is 60 meters thick.
4 , : The formation disconformably and conformably overlies and underlies the Kawagarh and the
Patala Formations respectively.

It contains abundant fossils, including Foraminifera, Coral, Lockhartia, Molluscs, Echinoids
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Fig 2.5 Contact between the Lumshiwal (on the right) and the Chichali

Formation (on the left), looking west at the gorge. (scale 1 cm=1

meter).







ad

Fig 2.6 Interbedded dark rusty brown glauconitic sandstone (on the left)

and orangeyllow argillaceous limestone *of the Lumshiwal

Formation. The length of the hammer is 22 cm.
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Fig 2.7 Contact between the Kawagarh Formation (on the right) and the

orange yellow argillaceous limestone of the Lumshiwal formation. -

The scale is '4.5 cm.
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and Algae etc (Shah 1977).

B 2.4.2 Patala Formation

The "Patala Shale" of Davies and Pinfold (1937) was formalized the Patala Formaﬁon by the
| Stratigraphic Committee of Pakistan (Shas 1977). |

In the studied area, it consists of coarse grained mudstone, shale, marl, limestone, siltstone,

: sandstone and micro-conglomerate. the shale is greenish gray and khaki, at places having shgdes of
E’ purple, and splintery with subordinéte marl. The limestone is nodular, arenaceous and yellowish gray
¥ ©in colour and is intraformational, while the sandstone is reddish in colour (Tanoli et al.1989). Size
i‘ of conglomerate varies considerably. Big sized conglometates are observed near Kotal check post
% (Fig. 2.8).

Due to distinctive lithology represented by the Patala shale, in the studied area, it has been

named as "Kotal Member" of the Patala Formation.

In the studied area, intense folding and faulting make its thickness difficult to measure. At

Patala Nala it is 90 meters thick.

In the studied area, it conformably overlies the Lockhart Limestone.

2.5 Eocene Succession

B

2.5.1 Kohat Formation

&

L ha B T

The Kohat Shales of Eames (1952) and the Kohat Limestone of M‘éissner et al. (1974) was
formally renamed the Kohat Formation by the Stratigraphic Committee of Pakistan (Shah 1977).
It is composed mainly of interbedded dominant limestone and subordinate interbedded shale.

-~ The lower Kaladhand Member is compos‘ed predominantly of limestone which is light gray, hard,

- compact and thin bedded with shale intercalations, particularly in its the lower part. The Sadkal

Member, in the northern Kohat, Kalachita and northern Potwar area is composed of greenish gray

calcareous shale with subordinate light gray limestone. The limestone interbeds become dominant in

SRR

the other parts of the Kohat area where they are characterized by an abundance of Nummulites.

—

The formation is confined to the Kohat, northern Potwar and Kalachitta areas.Its maximum
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Fig 2.8

Big sized conglomerate of the Patala Formation near the XKotal

check post. The scale is 4.5 cm.
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L thickness is 170 meters at Chilli Bagh (fig. 2.9). The lower contact with the Kuldana Formation is
sharp and conformable. The upper contact in the Kohat area, with the Kirthar Formation is

conformable. Elsewhere, the formation is unconformably oi/erléin by the Murree Formation (Shah

1977). The formation has yielded abundant Foraminifers and various species of Nummulites.

2.6 Miocene succession

2.6.1 Murree Formation

The Mari Group of Wynne (1874), Murree Beds of Lede kher (1876) and Murree Series of
Pilgrim(1910) were formally named the Murree Formation by the Stratigraphic Committee of
Pakistan (Shah 1977).

: In the studied area, it is composed of dark grayish brown, greenish gray and occasionally
 purple, medium to coarse grained sandstone, purple or reddish brown siltstone and shale and subor-

dinate intraformational conglomerate.

. It is well exposed in the northern Potwar, Kohat and in the Hazara-Kashmir-Syntaxes where

an estimated thickness of 8 - 10 km has been reported by Bossart and Ottigar(1989). It is 120 meters

thick in the Shakardara area (fig. 1.2) (Abbassi, 1990), but only 9 meters thick at Bonda Daud Shah

(Fig. 2.9), (Shah 1977).

It is diachronous, estimated to be about 40 ma old and of shallow marinc?(tidal flat) origin in
the Hazara-Kashmir-Syntaxes (Bossart and Ottigar 1989), whereas, 28-18 ma oly\c}J’ and of fluvial origin
in the Kohat - Potwar Plateaux (Shah 1977)....

The formation is mainly unfossiliferous and only a few plant remains and vertebrate fossils
have been reported from the Kohat - Potwar Plateaux.

In the Kohat area, the upper and lower contacts, with the Kirthar and Kuldana Formation are

~ conformable. In the northern part, i.e., in the studied area, the upper contact with the Samana Suk -

Formation is tectonic. It is up to 3,030 meters thick in the northern Potwar, but thins out to only 9

- Meters in western Kohat (Shah, 1977).
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Regional tectonic setting and structural geology.

3.1 Regional tectonic setting

The Himalaya of Pakistan is a product of collision betweeh' Indian ang
Karakoram plates. This continenf—continent collisional event began in early Eocene op
possibly late Palaeocene times (Stoneley, 19‘74; Molnar and Tapponniér: 1975). In
India and Tibet, the indus—Tsangpo suture marks the closure zone between the two
plales (Ganssner, 1981), but this suture bifurcates into the Main Karakoram Ttht
(MKT) and Main Mantle Thrust (MMT) in North Pakistan (TahirKheli et al., 1979).
The rocks of the Kohistan Arc, a terrane non believed to have been formed as an
Island Arc (TahirKheli et al., 1979; Jan and Asif, 1981; Tahirkheli, 1982; occurs to
the north of the MMT, docked with the Karakoram plate along the MKT during late
Cretaceous (Jan and Asif, 1983; Windley,l i983). The collision between the Indian
plate and the Kohistan Arc occurred along thr MMT during Eocene (TahirKheli et al.,
1979; TahirKheli, 1982).

The Karakoram plate is composed of- gneisses, slates, marbles and quartzites
which are probably Paleozoi¢ ot oldét (TahirKheli, 1979). The Kohistan island arc i‘s a
mass of dominantly amphibolites followed by diorites, m'étanorites and associated
volcanic rocks (TahirKheli, 1979). The Indian comprises a Nl:v’recambrian basement of
gneisses overlain by slates, a cover of Paleozoic- Mesoioic carbonates, and a thick
molasse succession of Tertiary age. |

South of the MMT an éstimated 500 Km shortening of the Indian plate (Coward
and Butler, 1985; Coward et al., 1988) was either accommodated by under thrusting
beneath the Kohistan Island Arc and Karakoram plate ( Seeber et al., 1981: Ni and
Barazangi, 1984) or by the development of an extensive southward directed thrust
system and associated folding (crustal imbrication) over a broad zpne (Molnar and

kTapponier, 1975; Molnar and Qideng, 1984; Coward et él., 1982, 1988; Yeast and
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Lawrence, 1984; Coward and Butler, 1985; Bossart et al., 1988; Greco et al., 1989).
At about 30 ma; the deformation front had shifted southward to the hill ranges,
which were uplifted and deformed along the Panjal, Main Boundary Thrust (MBT) and
the Salt Range thrust faults (Yeats and Hussain, 1987). The Gandhgar, Attock Cherat
and Khyber Ranges were probably uplifted along the Panjal and Nathia Gali faults
respectively (Fig. 3.1). The Panjal and Nathia Gali faults mark the western limit of the
Hazara Kashmir Syntaxis. The MBT demarcates the southern limit of the Margala
kalachitta, Kohat, Samana and safed Koh Ranges. Over an estimated 100 Km
displacement has resulted in the development of the complex structures in the
hangingwall of the MBT (C. Izatt, pers. communica;tions). The MBT which strikes
east-west along most of the foreland basin, turns northwards, west of the Jhelum River,
forming a major bend known as Hazara Kashmir Syntaxis (3.1). The development of
the syntaxis has t;t‘l‘,(en place in three phases of deformation (Bossart et al., 1988), an
early nappe de'velop.ﬁ'ient by southwards overtl1ru$ting of Himalayan rocks, followed by
the formation of a large shear zone and then by .thc. transport of overthrust sheet from
north west to the south west." A single detachment surface which extends beneath the
entire Kohat-Potwar plateau, surfaces south of the Salt Range as Salt Range Thrust
(SRT), ( Seeber et al., 1981). ‘The Salt Range Thrust has brouéht the Precambrian Salt

Range Formation to lie t'ecton‘ically over its own alluvial and fan material (Yeat et al.,

1984).
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Fig 3.1 Regional geological map of the . N. Pakistan, showing major
tectonic features and tectonic 'pd'sifion of the Kohat hill Range.

(After Coward et al. 1988). The area in square is shown in Fig.

3.4a




3.2 STRUCTURAL GEOMETRY

The structural setting of the Kohat Hill Range in relation to the major tectonic features

of north Pakistan is shown in figure 3.2, 3.3. The Kohat Hill Range is characterized by a
complex set of structures. The MBT together with a major backthrust, delimits the Range at its
southern and northern ﬂénks, separating it, respectively, from the plains of Kohat and
Peshawar (fig. 3.3). These structures divergently thrust the Samana Suk Formation of the

Jurassic age over the Miocene Murree Formation on the southern flank and over the

Palacocene Patala Formation on the northern flank (Fig 3.4a). Within the Range, there is an
interesting structural disposition of the stratigrapﬁ)'/. Except for a small outcrop of the
Palaeocene Patala Formation on the northern flank, the Mesozoic strata including the Samana
Suk, Chichali, Lumshiwal and Kawagarh Formations, are mainly exposed along the southern
and the Samana Suk Formation along the northern flank of the Kohat Hill Range (i.e. in the
immediate hangingwall‘s of the two faults, mentioned above, Fig 3.4a). The Palaeocene
Lockhart and Patala Formations occupy the central part. The different structural features,

responsible for the deformation ofath;e_, study area are discussed here in detail.
3.2.1 FOLDS

The Kohat Hill Range is mainly deformed by folding. A great variety of fold structures

at different scales have been observed. As shown in the Figure 3.4b, fold structures in the

study area can be classified into several types on the basis of their geometrical style. These
include box or fan folds, domes, open folds, tight cylindrical, S and Z shaped folds and south-

west plunging minor folds.
a) FAN FOLDS
The fan shaped folding style is very common in the Kohat Hill Range and is

consistently repeated. The two limbs of these fan folds are mostly oppositely verging

recumbent folds with intervening flat hinge zones. Various shape characteristics of fan folds
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Fig 3.2

Landsat image showing major structural provinces and
geomorphic features of the northern pakistan fold and thrust belt,
scale is approximately 1:4,000,000. Outlined area is the Kohat

Hill Range and a part of it is shown in figure 3.4a (after Leather,

1988).
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Fig 3.3

Tectonic map of N. Pakistan, showing major structural
boundaries. P=Peshawar; PB=Peshawar Basin; AB=Abbottabad;
M=Murree; I=Islamabad; H=Haripur; HA=Hasanabdal,
CB=Campbellpur Basin; K=Khanpur; ACR=Attock-cherat

Range; KCR=Kalachitta Range; KH=Khanpur Hills; CF=Chera

fault; GR=Gandghar Rang; MH=Margala Hills; SR==Samana

Range; SKR=Safed Koh Rangn; BB=Banu Basin, SRT=Surghar

Range Thrust; NB=Nizampur Basin. The area A in square is

shown in figure 3.4a. Modified after Hylland, 1988.
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Fig 3.4b  Geological cross-section of the Figure 3.4a
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from the studied area are scﬁematically shown in ﬁgﬁre (3.5). Paired anticlines and synclines
through a pair of recumbent folds in the intervening limb (Fig. 3.5 a,b). This style’of folding‘
is exhibited by the structures from Qasim Khel to MET (Fig. 3.4 b). Locally the Iiﬁii)s of the
principal fan folds are attenuated to form tight anticlines and synclines. Sometimes’ Eﬁese tight
anticlines and synclines at the opposite limbs of the proncipal folds are so much attenuated that
they are breached by oppositely verging reverse faults (Fig. 3.5 c,d). Tight sunclines
associated with Akhurwall anticlines are and example of this style of folding.

The most important of the fan folds is a broad, box-shaped syncline, which‘ has both of
its southern and northern limbs tightly overturned, .n‘amed as Wahabion valley syncline (Fig.
3.4b). Its southern overturned limb iies in the Kotal pass. area near the southern flank of the
study area. A traverse along a foot track at the eastern side of the valley leading to Kohat plain
from the Kotal pass, gives an excellent view of the southern overturned limb of this syncline
(Fig. 3.6). Toward the southeast of the Kotal check post the entire stratigraphic pile of the
Kohat Hill Range 1s overturned; southwards. dipping beds of the Patala Formation are
successively overlain by older formations to the south, i.e., the Lockhart, Kawagarh,
Lumshiwal, Chichali and Samana Suk Formations (Fig. 3.4b, 3.6). The northern overturned
limb of the Wahabion valley syncline lies at the Shahida Talab, just at the southern side of the
Qasim Khel anticline:(Fig. 3.4b): This limb; however, ddesnot expos'é formations older than
Palaeocene. This large fold structure (with a 7 Km half wave length) involves the entire
stratigraphy exposed in the Kohat Hill ‘Range from the Samana Suk to the palaeocene Patala
Formations.

The second important fan fold is another broad box-shaped syncline which has only its
northern limb tightly overturned (Fig. 3.4b, 3.7). It lies in the immediate hanging wall of the
MBT at the southern flarik of the study area. It involves the Samana Suk Formation only. The
southern limb of this large fold structure ( with a 2.5 km half wave length) is overridden on

the Miocene Murree and Kohat Formations along the MBT (Fig. 3.8).

In between the above mentioned synclines, there is an intervening large fan shaped




Fig. 3.5

A Schomatic representation of various shapes characterictic of fan
folds from the studied area. Paired anticlines and synclines with
flat hinge zones may be mutally associated through a pair of
recumbent folds in the tervening limb (a, b). Locally the limbs of
the principal-fan folds are attenuated to form tight anticlines and

synclines and sometimes these are breached by oppositely verging

reverse faults (c,d).
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Fig 3.6 A panoramic view of the Kotal pass area, (Kohat Hill Range),
looking from south. Noté the major box shaped syncline, with its

southern overturned limb. The contact between the Palaeocene

Lockhart and Patala Formations and underlying Cretaceous
Kawagarh Formation is an out-of-the-syncline fault. Two allock

thonous blocks, comprising Palaeocene Lockhart and Palala

Formation tectonically overlying the near  vertical Mesozoic
succession (right lower parts'o.f the photogra[ﬁh) along shallowly

south dipping late normal faults.
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Fig 3.6

A panoramic view of the Kotal pass area, (Kohat Hill Range),
looking from south. Note the major box shapbd synclirie, with its
southern overturned limb. The contact bei;vet;n the Palaeocene
Lockhart and Patala Formations and underlying Cretaceous
Kawagarh Formation is an out-of-thé-syncline fault. Two allock |
thonous blocks, comprising Palaeocene Lockhart and Patala
Formation tectonically overlying the near vertical Mesozoic

succession (right lower parts of the photograph) along shallowly

south dipping late normal faults.
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Fig 3.7

Another excellent view of the Kotal pass area, looking from west.
Note the southern and northern overturned.limbs of the Wahabion

valley and Kotal pass synclines,respectively. In between the two

synclines the Kotal anticline exists, formed by pop-up geometry.
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Fig 3.8 A view of the Kotal pasé syncline. Note its southern limb which

has been overridden on the Kohat and Murree Formations.
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anticline (with a 1.75 Km half wave length), the Kotal anticline (Fig. 3.4b, 3.7). The southern
and northern overturned limbs of the Wahabion and Kotal synclines, respectively, turn back to
form this anticline in a pop-up style (Fig. 3.4, 3.7). It involves entire stratigraphy from the
Samana suk to the Patal:la Formations. From the metaled road on the southern slope of the
Kotal pass, it can be excellently viewed, while looking east.

The Qasim Khel anticline is another large fan shaped, overturned north verging fold,
which has been developed in the Samana Suk Formation of the Jurassic age (Fig. 3.4b). Infact
it is a very large anticlinorium structure (with a 3 km half wave length), the core of which is
represented by a large number of small scale anticlines and synclines.

The Akhur Wal fan shaped anticline (with a 0.75 Km half wave length) lies between

the Barami anticline and Bazi Khel Dome, on the northern and southern sides, respectively.

Both of its limbs are strongly attenuated and sheared (Fig. 3.4b, 3.9). Its core exhibits

excellent horizontal beds with two hinge zones.
b) DOMAL FOLDS

The Bazi khel dome is a very large domal structure which has been named after the
village Bazi khel. It is bounded by a ti.ght' syncline on its southern side, while its northern side
is strongly sheared (Fig. 3.4b, 3.9). The north, south and west ward dipping beds of the dome
are clearly visible. The domal shape of the structure is due to superimposition .of a second
phase of folding with a north-south trend‘, more or less at right angle to the east-wést trending

folds at southern and northern limbs of the structure.’
c) OPEN FOLDS

Several open folds can be observed in the study areé, which are named ‘aﬂer their
reSp_ective‘ vﬂlages, e. g, the Sunny khel anticline, (Fig. 3.4b), (which is coaxial with its host
syncllyivn‘e, i. e, Wahabion valley syncline), the Barami valley anticline (Fig. 3.10) and the Kot
Mela syncline (Fig. 3.11). |

The cores of both anticlines have been cut by'streams and unmetaled roads run towards
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Fig 3.9 View of the Akhur wal fan fold and Bazi .Khel domal structure,”
looking from west. Note the liorizontal beds in the core of the fan

fold and the north south and west ward dipping beds of the dome. '
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Fig3.10  Excellent south (left side) and north (right side) dipping beds of

the Barami valley anticline. A stream follows. the core of the

nticline.
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Fig 3.11 A view of the Kot mela syncline, looking west from the metaled

road. at higher altitude the folds is an open one, while at the

surface level, its hinge becomes sharp and overturned.
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the western extreme of the study area through these streams.
The Kot Mela syncline looks an open symmetric fold at the higher altitude, but at the

lower level, i.e., near the valley surface, its hinge becomes sharp and tightly overturned,

b

verging south (Fig. 3.11).
d) TIGHT CYLINDRICAL FOLDS

The repetition of the Lockhart and Patala Formations in the core of the Wahabion
valley syncline is due to tight, cylindrical folding, some of which are cut by local thrust faults
(Fig. 3.4b, 3.12). Several overturned north and south verging tight synclines are observed on
the limbs of the large Fan folds. The cores of some of these synclines are taken by the
Lockhart Formation (Fig. 3.4b).

The Mufrpe, Patala and the Kohat Formations have experienced severe tight, isoclinal
and overturned folding in the broad shear zones which have developed in the footwalls of the
fore and back thru:sts (Fig. 3.13). Due to these folding the Samana Suk Formation of the fore

thrust, therefore, is in direct contact with the Kohat Formation also at some places.
e) S and Z SHAPED FOLDS

In the study area, numerous minor folds are observed in the steeply dipping beds of
different formations, which are asymmetrical, S and Z shaped. These folds range in size from
ten to thirty centimeter in extent. It appears that the movements along the bedding have been
compensated by these minor folds. Apart from the above mentioned folds, a second phase of
folding with south and southwest plunging fold axes are observed in the Samana Suk

Formation. This phase of folding is the result of east-west compression.
FAULTS

Besides the folding, the Kohat Hill Range has been deformed by imbricate thrusts and
normal faulting. At least four sets of faults, i. e., F1, F2, F3,and F4 can be recognized in the

study area. All of the faults strike east- west and verging north and south.
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Fig3.12 A view of the southern overturned limb of the Wahabion valley

syncline (looking east) in the core of which the Lockhart and

Patala Formations are repeated due to tight, cylindrical folding.
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Fig 3.13  Tight isoclinal overturned folding with south west plu:r]ging folds

axes developed in the shear zone of the Patala Formation, between

the back thrust on the northern flank of the study area.
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a) FAULTS F1.

These faults represent the repetition in the Samana Suk Formation of the Jurassic age
and the Chichali-Lumshiwal and Kawagarh Formations of the Cretaceous age in the southern
flank of the study area. This repetition, is probably due to imbrication below a roof thrust
which was apparently located in the Kawagarh Formation. Probably due to back turning these
thrusts dip towards south, while in fact these are north dipping and indicate a duplex structure
(Fig. 3.4b, 3.14, 3.15). The strata (from bottom to top), the Samana Suk, Chichali, Lumshiwal
and kawagarh Formations, in this duplex zone is repeated, at one place , more than two times
in the form of south-verging horses. Some parts of the . duplex system are exp_dséd in the
eastern valley (Fig. 3.14) and along the western wall of the western valley of the K_:otal Pass

area, near water tank on the road. But mostly it is coveféd.
b) FAULTS F2

Faults F2, aré , north and south verging blind ‘thrusts, ramped from the main
detachment surface (3.16) as well as the faults at the limbs ofb'the fan shaped folds (Fig. 3.4b).
One of the south verging and some of the north verging blind thrusts become emergent as fore
and back thrusts. The fore thrust (MBT) is the moslt' prominent regior:al structural feature in
the study area which clelimits'the s.o’uthern ﬂank of the studied area (Fig. 3.4b). The MBT is a
regional fault in the external zone of the Himalayan thrust fold belt in north Pakistan. It brings
the Samana Suk Formation of Jurassic age of the Kohat Hill Range to lie tectonically over the
Eocene Kohat and the Miocene Murree Formations. My structural interpretation suggests that
it ramps from the main decollement which runs below the Mesozoic strata.

The back thrust is another mOSt' prominant regional structural feature in the Kohat Hill
Range. It delimits the northern flank of the study area. It has got the Samana Suk Formation of
Jurassic age to lie tectonically over the Patala Formation of the Palaeocene age. A broad shear
zone in the Patala Formation can be clearly seen (Fig. 3.17). The competent beds in the Patala

formation have developed into rounded houlders of different sizes, indicating a strong shearing
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Fig3.14 A view of the western lobe-shaped tectonic block of Palaeocene

strata, resting on top of steeply dipping'Mesozoic succession along
a normal fault. Note that there is a repetition of the Samana Suk-

Chichali-Lumshiwal and Kawagarh sequence more than once due

to imbrication, forming a local duplex structure.
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Fig 3.15 A model for the development of local duplex structures during the

deformation phase DI1. Thrust horses involve stratigraphy

comprising (from bottom to top) the Samana Suk, Chichali,

lumshiwal and Kawagarh Formations. At least three thrust slices | ﬂ

are recogni-zed in this area. D2 phése of deformation has | | ;

. overturned these thrust slices, whicﬁ now occur in a large fan- ‘ i

shap‘ed fold along the southern slope.of the Koial Pass ridgé. . _
¢
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Fig 3.16

‘A schematic model showing the developiment of the D2 pop-up

fold and thrust (inctuding MB'f) structures in the Kohat Hill
Range thrust sheet. a) simplified stratigraphic succession prior to
deformation. b) development of south—verging detachment
anticlines and blind and emergent thrust structures due to
displacement along the basal detachment at the base of the Jurassic
strata. ¢) inhibition of displacement allong MBT, results in the
development of north-verging ractures. Further comp;ession in
the transport irection results in the northward folding of the upper
limbs of D2a anticlines along north-verging  blind
fractures,resulting in the displacement of pop-up fan-shaped
anticlines. Slome of the north-verging fractures become emergent

back thrusts, displacing the Mesozoic strata on top of the Tertiary

molasse in the hinterland.
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Fig 3.17  Shear zone with rounded boulders, developed in the Patala

Formation in the footwall of back thrust, looking towards south.

The length of the hammer is 22 cm.
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effect (Fig. 3.17). Numerous minor folds have also been developed in the Patala Formation.
Another splay of the backthrust (northern most) brings the Patala Formation to lie over the

Murree Formation (Fig. 3.4b).
) FAULTS F3

The faults F3 represent local ‘Vout-of-the-syncline thrusts which are post folding.
Towards the southeast of the Kotal checkpost, there are southward dippig beds of the Patala
Formation exposed in the southern overturned limb of the major box shaped syncline, which
are successively overlain by older formations to the south (fig. 3.6). Generally there_' is a close
correspondence in the attitudes of the various rock units involved in this overturned limb, but
there is a strong discrepancy found at the contact between the Lockhart and Kawagarh -
Formations. Although, theré: is no tectonic missing of the stratigraphy at this contact, the
attitudes of the bedding in tﬂe two formations is cleﬁrly 611t of correspondence (Fig. 3.18),
suggesting presence of a fault structure at this contact.

A follow up m the ridges to the west (fig. >3.6) shows that the contact between the
Lockhart and the Kawagarh formations IS faulted for almost its entire length of exposure. The
beds in the Lockhart and oyerlying Patala Formations are either horizontal or only shallowly
dipping to the north, bkut they dip. isteeply . 70°)>towards north in thc;, underlying Kawagarh
Formation (Fig. 3.18). The author considers the fault to be a south verging out-of-the-

syncline thrust fault, which brings near horizontal strata of the Lockhart Formation from the

core of the flat-hinged syncline displaced on top of the steep beds of the Kawagarh Formation

in the southern overturned limb of the Wahabian valley syncline. A further evidence of south
verging thrust faulting is met in the imbrication of the Palaeocene sequence on the lobe shaped
ridge to the south of the Kotal Pass. Here a tectonic slice of the Lockhart Formation occurs on
top of the Palaeocene Patala Formation, which is a part of a normal Lockhart-Patala succession
(fig. 3.19, 3.20, 3.21). This fault which brings the Lockhart Formation on top of the Patala

Formation has the southward sense of vergence and tectonic position in the southern
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Fig3.18 A shallowly north dipping strata of the Lockhart Formation
resting tectonically on steep beds of the Kawagarh Formation. The
intervening fault (F) is an out-of-the-syncline thrust (D3),which

displaces shallow . younger strata in the core of the syncline

southward on top of the steeply dipping older strata in the limb.
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overturned limb of the wahabian valley syncline, which is almost identical to the fault

described above.

d) FAULTS F4

These faults represent the normal faults in the study area. An indirect conséquence of
the south verging out-of—the—syncline thrusting in ‘the Ssouthern overturned Iil_nb of the
Wahabian valley syncline has been an allocthonous displacement of near horizontal. Palaeocene
strata on top of near vertical Mesozoic succession. thauri et.lal. (1983) mapped j'ust to the
south of Kotal pass, two lobe-shaped southward directed projections of the Palaeocene
Lockhart and Patala Formations discordanily overlying the rest of the stratigraphy in this [;art
of the Kohat Range (fig. 3.14, 3.19, 3.20). There‘is a marked difference in the attitude of
bedding in these tectonic lobate projections of the Palaeocene strata and the underlying
Mesozoic Succession. In the former, the bedding is either horizontal or dips only shallowly
towards north (rarely exceeding 35°), while in the und‘el"ljring Mesozoic succession, the dips
are rarely less steeper than 60°. This type of relatioﬁship, in the author opinion, is nowhere
near to the normal stratigraphic type as shown by Ghauri et al. (1983).

The tectonic relationship of the fault-bounded allocthonous blocks of the Palaeocene
strata on top of the Mesozoic succession is illuétrated in Figures (3.14, 3.19, 3.20). Commonly
they are located over a shallowly south dipping fault plane at th:a base of the Palaeocene
succession. The strata in the hangingwall® of these faults is either horizontal or dips shallowly
towards north, suggesting that the basal fault cuts downward in the stratigraphy as it
propagated southward. There appears to be little effect of this fault structure on the attitude of
the underlying Mesozoic succession, which is vertical to steep, and is remarkably continuous
in its east-west strike.

An aspect which is probably worth mentioning is the existence of "window" type = |
structure in between and on the either side of the southward projections of the tectonic blocks
of the Palaeocene strata(Fig. 3.19). Apparently this "window" is a result of topographic effect, 3
as they coincide and are roughly parallel to the north-south running valleys onv;-he sides of the = ©

two ridges which are occupied by the tectonic bl,qéks of the Palaeocene strata (an 3.19).
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Fig 3.19

Geological map of the southern slope of the ridge near Kotal F.C.
check post. Late normal faults displace lobe-shaped tectonic
blocks of the Palaeocen strata (T1) southward on top of the steeply -

dipping Mesozoic succession (Samana Suk, Kawagarh), modified "

after Ghauri, et al. (1983).
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Fig 3.20

An allocthonous block of Palaeocene strata resting tectonically on
top of steeply dipping Mesozoic succession along normal fault.
Within the tectonic block there is an imbricate thrust (Fig.3.18),

which brings the Lockhart Formation to lie on top of a normal

Lockhart-Patala succession.
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Fig 3.21

A close view (A & B) of the imbricate thrust (Fig. 3.19), which
brings the Lockhart Formation over a normal Lockhart-Patala

succession. The length of the hammer is 22 cm.
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There is a considerable difference in the altitude of the two tectonic blocks, the eastern
one lies almost near to the valley floor, while the western one being approximately 200- 300
meters high near to the top of the ridge. Since the two tectonic blocks occupying the adjacent
ridges, are similar in all respects, e.g, stratigraphy, attitude of their basal fault planes and that
of the bedding planes within these blocks, it is probable that originally the two bl'ocks were
continuous and were displaced along a common basal fault plane. The present difference in the
altitude of the fault planes at the base of the two tectonic blocks may be due to an-originally
curvilinear nature of the basal fault plane, with an éast-ward tilt which resulted in t'he much

lower position of the eastern block relative to the western one.
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4.1 Synthesis of structural geometry.

The study area is located in the foreland fold and thrust belt of southwestern Himalaya

(Fig. 1.2). The data gathered {rom the present work and the data from the previous literature
is all put together to model the systematic development of the structure in the Kohat Hill
Range.

The general strike in the study area is northwest-southeast with a few deviations. The

forward and hindward verging thrusts bounding the range in the south and north, trend

northwest-southeast and dip towards north and south respectively. The orientation of fold axes
of the major folds are parallel to the regional strike of the study area.

As the deformation proceeded south of the Main Mantle Thrust, a basal shear plane
developed along a crystalline basement (Seeber et al., 1981; Lilli et al., 1987). The major fore
and back thrusts probably sole onto this basal detachment below the Mesozoic strata. The
southwest directed tectonic transport along the MBT and northeast directed transport along the
back thrusts suggest a pop-up style of deformation. The fan shaped folding style closely
matches the pop-up style displayed by the thrust faults. It is interpreted that they may be cored
by blined thrusts at their diverging limbs (Fig. 3.16).

The repetition in the Palaeocene strata, i. e., the Lockhart and Patala Formations is due
to tight cylindrical folding, locally cut by thrust faults (Fig.3.4b, 3.12)

A later strong phase of folding has developed complex interference patterns, which has
further contributed to the uplift of the range. The structures, which post dates all these
structures, include, 1) out-of-the-syncline thrust faults which record the culmination of shorting
and uplift the Kohat range and 2) a set of normal faults which mark the ravitational adjustments

following abnormal uplift associated with the MBT and its associated structures.

s

Although the recognition of faults in the study area has been a relatively simple matter

of observation, owing mainly to dramatically good exposures and well established stratigraphy

(Gardezi et al., 1976; Ghauri et al., 1983), the assessment about their nature is not that
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straightforward. The shallowly north- dipping fault (Fig. 3.18) at the contact between the
Lockhart and the Kawagarh formations was apparently reverse in its sense of movement, as it
brought near-horizontal strata of the Lockhart Formation probably from the core of the box-
shaped syncline to lie on top of the steeply northward dipping strata of the Kawagarh
Formation in the southern overturned limb of the Wahabian valley syncline. This fault owes
its initiation probably to the tight folding in the area which resulted in south-verging out-of- the
syncline thrusting. Late stage movement along this fault transported the Palaeocene strata
southward to lie over the Mesozoic succession in the form of tectonic blocks. My interpretation
about the initiation and subsequent movement on these south-verging fault structures have been
portrayed in (Fig. 4.1 a,b) , together with their relationship to their host fold structures.

The author, however, does not believe that the fault planes at the bases of the southward
projecting tectonic blocks comprising Palaeocene strata are entirely reverse in their Sense of
movement. The shallow, southward dip of these faults, together with a considerable
displacement (approximately | km) of the younger strata on top of the steeply dipping
Mesozoic succession would favor a normal sense of movement on these fault structures. As
shown in the (Fig. 4.1, c¢), the author interprets that southward, up-dip movement of the
Palaeocene strata out from the core of the synclinal fold structure resulte}d in an abnormal uplift
of the Kotal Pass area. This led to initiation of southward dipping norn;)al faults, along which
there was a gravitational collapse of the uplifted Palasocene strata. An abundance of fault
breccia (Fig. 4.2), associated with the fault planes suggests a near- surface level of these late

stage normal faults.
4.2  Deformational history

At least four phases of deformation, i.e, D1, D2, D3and D4 are recognized in the

Kohat Hill Range strata.
a) Step 1;

The D1 phase of deformation is documented by the presence of local duplex structures

. b1




Fig 4.1 A schematic representation of the successive stages involved in the -
development of post-folding fault structures (D3,D4) in the‘ Kotal
Pass area of the Kohat ‘Hill Range (not to scale): a) development
of the southern overturned limb of the Wahabion valley syncline;
with positions of, to be, out-of-the-syncline thrust (D3), showing

by F3, b) southward dispiacement of the shallow dipping strata

from the core of the syncline on top of the steep limb.of the
syncline. Also shown is the position of the fault (F4) which, in the
next stage, marked the gravity collapsé (D4) of ﬂlé-v‘éﬁﬁdrmaﬂy-“
uplifted terrain in the Kotal Pass area, ¢) development of south-
‘verging normal fault, which displacedf; abnormally uplifted
APalaeocene strata (out-of-the-syncline thrust in stage _b), downward
on the southern steep limb of the syncline. Jss=Jurassic Samana
Suk Formation, Kc = Cretaceous Chichali, Fm, Kl=Cretaceous

Lumshiwal Fm, Kkg=Cretaceous Kawagarh Fm, TIl=Tertiary

Lockhart Fm, Tpa=Tertiary Patala Fm.
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'Fig 42 A view (A &B ) of the fault breccia on the southern slope of the

Kotal pass area, associated with the normal fault planes. This

suggest a near surface origion of the late stage normal faults.
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in the Mesozoic sequence (Fig. 3.4b, 3.14, 3.15). The thrust horses involve stratigraphy,
comprising (from bottom to top) the Samana Suk, Chichali, Lumshiwal and Kawagarh
Formations. The duplex occurs between a basal detachment at the base of the samana Suk
) | Formation and a roof thrust at the base of the Palaeocene Lockhart Formation. The faults

involved in this duplex structure are referred to as F1
b) Step 2;

The D2 is the principal phase of deformation in the Kohat Hill Range. At least two

stages of fault and fold development are recognized in this phase of deformation.
Step 2a;

D2a In this phase of deformation a displacement occurred along a detachment at the
base of the Samana Suk Formation which results in south-verging detachment folds, probably
cored by blind thrusts (e.g, Kotal fan shaped anticline, Akhur wal fan shaped anticline). One of
the these blind thrusts , i. e., the Kotal member of the MBT becomes emergent and displaces

the thrust south wards on top of the Murree Formation (3.4b, Fig. 3.18).

Step 2b;

D2b In this phase of deformation the displacement on the MBT is inhibited for some
reason. The ongoing compression along the basal decollement from ﬁorth. This results in the
initiation of north verging fractures. Further movement along the basal detachment causes
displacement along these fractures rather than those v..erging to the south, resulting in refolding
of the upper limbs of the d2a anticlines and development of large "pop-up" fan shaped folds
(Fig. 3.4b, 3.16). Some of the north verging fractures in the northern part of the thrust sheet
became emergent as back thrusts and displaced Mesozoic- Cenozoic shelf carbonates northward

on the Tertiary molasse (Fig. 3.16).
¢  Step3;

The D3 phase of deformation is post folding. Ongoing compression in the thrust sheet
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results in local out-of-the-syncline thrust faults (Khan et al, 1990), (Fig. 3.6, 3.18, 4.1). Some

of these structures in southern slopes of the Kotal Pass are studied and considered responsible

for further uplift of the mountain front.

d) Step 4

The D4 which is the last phase of deformation in the Kohat Hill Range and is marked
by gravity collapse of the tectonic blocks anomalously uplifted during D2 and D3 phases of
deformation. Figures (3.14, 3.19. 3.20) show two such normal faults recognized at the
southern slopes of the Kotal Pass ridge, which displace the Palaeocene strata down south ward‘
on top of the steeply north dipping Mesozoic strata in the southern overturned limb of the
Wahabion valley syncline. An abundance of fault breccia (Fig. 4.2), associated with the fault

planes suggest a near surface origin of these late-stage normal faults.
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CONCLUSIONS !

As a result of the present work, the following conclusions are drawn regarding the

geology and structural setting of Darra Adam Khel-Kotal pass trasect, Kohat Hill Range.

1) Eight distinct lithostratigraphic units are recognized in the study area (Table. 2.1),
Zurghun Khel Jurassi¢ and Hangu Formation (Palaeocene) previously mapped by

Gardezi et al. (1976) are not present.

2) The Samana Suk Formation thrusts over the Kohat Formation also in some places,

because the footwall sequences below MBT are tightly folded and includes both the

Kohat and the Murree Formation.

3) The study area is deformed by pop-up style both by large fan shaped folds and fore and

back thrusts,

4) The repetition of the Samana Suk-Chichali-Lumshiwal and Kawagarh Formations is
due to imbricate thrust faults, ramped from main decollement, while thr roof thrust

is located some where in the Kawagarh Formation to form a local duplex zone.

5) The repetition of the Lockhart and Patala Formations is due to tight, cylindrical
folding.
6) An out-of-the-syncline thrust is recognised at the contact of the Lockhart and Kawagarh'

Formations in the Kotal pass area for the first time.

the study area.

i 7 Two normal faults are recognized in the Kotal pass area, which were’ previously
|

, unmapped.

; . . :
;_ 8) Six major thrusts, four of which are fore thrusts and two back thrusts are mapped in

9) The major structures of the study area suggest that the rocks have undergone four

a6
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phases of deformation, i.e., D1, D2, D3 and D4. The D1 phase of deformation
represents the development of local duplex structure. The principal phase of

deformation D2 is responsible for the development of MBT, the back thrusts and the

l large scale fan shaped folding. The phase of deformation D3 is post folding which

gives rise to out-of-the-syncline thrust faults. D4 is marked by low angle normal faults

and is the latest stage of deformation.




REFERENCES

Akhtar, M.; Bajwa, M. S.; Kausar, A. R;Bhatti, M. A. ‘and Khan,A.A., (1985), Geol. map of
Fateh Jang. Geol. Surv Pak.Quetta. ‘

Burnes, Sir. A., 1832 b. Some account of the salt mines of the Punjab: Asiatic Soc. Bengal*
Jour., C 1, P. 145-148.

Burbank, ID. W., 1983, The chronology of intermountane-basin development in the'
northwestern Himalaya and the evolution of the northwest syntaxis. EPSL, V64, P 77-

92.

Bossart, P. J.; Dietrich, D.; Greco, A.; Ottiger, R. and Ramsay, J. G., 1988, The tectonic%
structure of the Hazara Kashmir Syntexas, southern Himalaya, Pakistan. Tel 7, 273-

297.

Cotter, G. P. 1933, The geology of the part fo the Attock dis trict west of long. 72° 45,

Geol.Soc. India Mem., V 55, P.63-156

Coward, M. P.; Jan, M. Q.; Rex, D. C.; Tarney, J.;Thirwall, M.;and Windley, B. F., 1982, “

Geotectonic framework of the Himnalaya of NW Pakistan. Jour. Geol. Soc. London.

V139, P.299-308.

.......................... ; Butler, R. W. H., 1985, Thrust tectonic and the deep structures of the

Pakistan Himalaya. Geology, V 13 ,P. 417-420.

.......................... ; Butler, R. W. H.; Chamber, A.F.; Graham,R.H.; Jzzat, C. N.; Khan,

M. A. Kmpe R. J.; Prior, D. 1. ; Treloar, P. J. and Williams, M P., 1988. Folding

and imbrication of the Indian thrust during Himalayan collision. Phil. Trans. R. Soc.
London. A 326, p. 89-116. :

Davies, L. M., 1930a, The fossil fauna of the Samana Range and some neighbouring areas;
Part 1, An Introductory note:India Geol sury; Men., Palaeont. Indica, New Series
v.15 15 P.

-------------- , 1930b, The fossil fauna of the Samana Range and some neighboring areas: Part
6, The Palacocene Formation. Ibid., Men., Palaeont. Indica, New Series, v, 15, 13 p.

Emes, F. E., 1952a, A contribution to the study of Eocene inwestern Pakistan and western
India, Part A., The geologyot standard sections in the Western Punjab and in the Kohat
District: Geol. Soc. London, Quart. Jour., v. 107, pt. 2, pp. 159----172.

Fatmi, A. N., 1973, Lithostratigraphic units of the Kohat-PotwarProvince, Indus Basin,
Pakistan: Pakistan Geol. Surv; Men;v. 10, 80 p.

Gee, E. R., 1935, Recent observations on the Cambrian sequence of the Punjab Salt Range:
India Geol. Surv., Recs., v. 68, pt. 1, pp. 115---120.

i




-—--—---1945, The age of the saline series of the Punjab and of Kohat: India Natl. Sci., Proc.,
Sec, B.v. l4pt. 6, pp.269---310. ’

Gardezi, A. H,. 1974, Preliminary tectonic study of the Kalachitta Rang, Punjab, Pakistan
Geol.Bull. Punjab, Univ. v. 11 p, 103---104.

Gardezi, A. H., Ghuzanfer, M., & Shakoor, A., (1976), Geology of Dara Adam Khel area,
Kohat Division, NWFP, with observations on the facies changes and their tectonic
implications., Geol. Bull. Punjab University., 12, 97-102.

Gilmour, F. H., Rehman, O. U., Mughal, M. A. & Sarhan, A. G., 1981, Carbonate
petrography and microfacies of a portion of the Samana Suk Formation, Kohat Range,
Pakistan. Geol. Bull. Univ. Peshawar, 14, 73-84.

Gansser, A., 1981, The geodynamic history of the Himalaya: in H.K. Gupta and F. Delany,
eds., Zagros-Hindu Kush-Himalaya Geodynamic Evolution, American Geophisical
Union, Series 3, P.111-112.

Ghauri, A. A. K., Rehman, O. & Rehman, S., (1983), A new struc  tural model of the
southern slopes of Kotal Pass, Kohat division, NWFP, Pakistan, the problem of north-
vergingfolds., Geol. Bull. Univ. of Peshawar., 16, 97-104.

Greco, A. Martinoti, G., Papritz, k., Ramsay, J. G., 1989, The crystalline rocks of the
Kaghan valley (NE Pakistan). Eclo gae., 82/2, 629-653.

Hylland, M. D., Riaz, M., Sajjad, A., 1988, Statigraphy and structure of the southern
Gandghar Range, Pakistan, Geol. Bull. Univ. of Peshawar, V. 21, pp. 1-14.

 Izzat, C. N. 1990, Variations in thrust front geometry across the Potwar plateau and
hazara/kala chitta Ranges, Northern Pakistan. Un publ. Ph. D. thesis, Univ. of london.

Jan, M. Q. and Khan, M. A. 1981, A specutative tectonic model for the evolution of N W
Himalaya and Karakoram. Geol. Bull. Univ. of Peshawar v. 14, p. 199---201.

Khan, M. A., 1968. The stratigraphic section on the southernslopes of Handy Side Fort,
Kohat, West Pakistan. Geol. bull. Univ. Peshawar, 3, 15-18.

Khan, M. A., Rehman, I., 1990 (in press), The stratigraphy and tectonic setting of the
Kalachitta Range. :

Khan, M. A., Turi, K. A., Abbassi, I. A. 1990, The structures in the hangingwall of the Main
Boundary Thrust(MBT), late post folding thrusts and normal faults from the Kohat Hill
Range,N. Pakistan.Geol. Bull. Univ. of Peshawar, V.23, (in press).

Lydekher, R., 1878, Notes on the geology of Kashmir, Kishtwar and Pangi: India Geol. Surv.,
Recs., V. 11, pp.30-63

Lilli, R. J., Johnson, G. D., Yousaf, M., Zamin, A. S. H.,and Yeats, R. S., 1987, Structural
development within the Himalayan foreland fold-and-thrust belt of Pakistan, in

59




Beaumont, C. and Tankard, A. J., eds., Basins of eastern Canada and worldwide,
arallogs: Canadian Society of Petroleum Geologists special volume.

Leather, M., 1988, Balanced structural cross-section of western Salt Range and Potwar:
deformation near the strike slip terminus of and overthrust sheet, M. S. thesis, O. S.
U. Corvallis, Oregan.

Middlemiss, C. S., 1896, The geology of Hazara and the Black Mountain: India. Geol. Surv.,
mem., V. 26, 302P.

Meissner, C. R., Master, J. M., Rashid, M. A., & Hussain, M., 1974, Stratigraphy of Kohat
quadrangle, Pa Geol. Survey, Prof. Paper, 716-D, 89. Rabbani, M. A., 1978. Geology
of Orakzai Agency, Pakistan, Records of FATA Development Corporation, Peshawar,
11.

Molnar, P., Tapponier, P., 1975, Cenozoic tectonics of Asia, effects of a continantal collision,
science, V. 189, P, 419- 426.

-------- Qidong, D., 1984, Largee earthquakes and the average rate of deformation in Asia,
Jour. Geolph. Res., V. 89, P. 6203-6228.

'Ni, J., Barazangi, 1984, seismic tectonics of the Himalaya, Jour. Geoph. Res., V. 89, P.
1147-1163.

Oldham, R. D., 1886, A note on the olive group of the Salt Range: India. Geol. Surv.,Recs.,
V. 19, pt. 2, pp 127-137.

Shah, S. M. L., 1977, The stratigraphy of Pakistan: Pakistan Geological Survey, Memoir, 12,

Spath, L. F., 1938, The Cephalopoda of the Neocomian belemnite Beds ofvSalt Range: Ibid.
Mem.,palaeont. Indica. New Series, V. 25. 1, 154 P.

Seeber, L., Armbruster, J. G., and Quittemeyer, R. C. 1981 ,Seismocity and continental
subduction in the Himalayan arc, in Gupta, H., and Delany, F., ads., Zagros-Hindu
Kush Himalaya geodynamic evolution: American Geophysical Union Geody  namics
Series3, P. 215-242,

Stoneley, R., 1974, Evolution of the continental margin bounding, a former Tethys: in C. L.
Drake and C. A. Burke, eds., TheGeology of continantal margins, New yark,
Springer-Verlag P. 889-903.

Tahirkheli, R. A. K., 1979, Geology of Kohistan and adjoining Eurasian and indo-Pakistan
continent, pakistan, Geol. Bull. Univ. Peshawar. spec. Issue. V. 13, P, 1-30.

= 1982, Geology of the Himalaya, Karakuram and Hindu kush in Pakistan:
Special issue of the Geologic Bulletin of the Univ. Pashawar, V. 15, P. 1-51.

""""""""""" ; Naeser, C. W.; Johnson, N. M.; Lyons, L. B., 1982, Unrooping history of a
Suture zone in the himalayaof Pakistan by means of fission-track annealing ages:

GO




Earthand Planatary Science Letters, V. 57, p. 227.

Tanoli, S. K., Rashid, M., Qamer, B., Ali, A., 1989, Paleoenvironments and provenance
studies of the Patala Formation,
Kohat Range and Samana Range, Geol. Bull. Univ. of Peshawar, V. 22.

Windley, B. F., 1983, Metamorphism and tectonics of the Himalaya: Jour. Geol. Soc. Lon.,
V. 140, P. 849-865.

Wynne, A. B., 1874, On the geology of the Salt Range in the Punjab: Geological Survey of
India, Memoir, V. 14, 312P.

Yeats, R. S., and Lawrence, R. D., 1984, Tectonics of the Himalayan thrust belt in northern
Pakistan,in Haq, B. U., and Mittiman, J. D., eds., Marine Geology and Oceanography
of Arabian Sea and coastal Pakistan, P. 177-198.

Yeats, R. S., Hussain, A. in press, Timing of structural events in the Himalayan foot hills of
northern Pakistan.

Zeitler, P. K.; Tarirkheli, R. A. K., Naeser, C. W., Johnson, N. M., Lyons, L. B., 1980,
Tectonic interpretation and fissiontrack ages from the lesser Himalayas, N. Pakistan:
EOS, V. 61, P. 359.

61

e




