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Abstract
The southeast Hazara forms a part of a fold and thrust

belt in the Lesser Himalayas of Pakistan. This paper
attempts to address the structural geology of a part of
southeastern Hazara and explains the geometry and
evolution of various structures present within the Hazara
Slates and overlying younger rocks. The study area is
covered by Pre-Cambrian and Mesozoic-Cenozoic age
rocks that have undergone severe deformation, as
illustrated by the development of southeast verging
thrust faults and associated folds. The structural
evolution of the study area is controlled by the
deformation associated with Hazara Thrust Zone which is
the major tectonic event and has resulted in thrusting of
Pre-Cambrian Hazara Slates overthe Mesozoic-Cenozoic
rocks. Two discrete phases of deformation have been
identified in the area, inferred from the cleavage study in
the Hazara Slates. Cleavages in the Hazara Slates include
a well developed bedding parallel slaty cleavage 51
which is the result of Pre-Cambrian deformation event.
Conjugate sets of cleavages 52 and 53 are also present
but are much less developed than the S1. These
conjugate sets of cleavages are the result of Himalayan
deformation events. It is inferred from the fact that joints
corresponding to these cleavage sets are present in the
overlying younger carbonates. The general trend of the
hinge lines of meso and macro-scale folds observed
within the Hazara Slates and overlying younger
sediments is northeast-southwest, which is indicative of
the fact that the area was mainly subjected to northwest-
southeast compressive stresses. Our study reveals that
Hazara Thrust Sheet plays a pivotal role in the structural
evolution of the study area. Dominant slaty cleavage (S1)
developed in Hazara Slates indicates Pre-Cambrian
deformation event whereas less prominent conjugate
cleavage sets (52 and S3) are associated with the
subsequent Cenozoic Himalayan deformation event. The
east west trending sequences with dominant southeast
directed faults depicts that stresses were directed from
north-northwest.

INTRODUCTION

The study area is situated in the southeast of Peshawar
Basin (Figure 1). The area is confined between latitude 33° 50'
30" N to 33° 55' 00" N and longitude 72° 59' 00" E to 73° 03' 00"
E. The Hazara Hill Ranges represent the passive margin
sediments of Mesozoic-Cenozoic age of Indian Plate that
have been shortened and uplifted along the Main Boundary
Thrust (MBT) (Izzat, 1993). An extensive area of the Hazara
District is covered by the Hazara Slates. These slates are
severely deformed and reveal structures like folds and small
scale faults. The Hazara slates have been correlated with
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Attock Slates, Dogra Slates and Shimla Slates and are
considered to be lateral equivalents (Izzat, 1993). The area
under discussion is deformed by two major tectonic events;
firstly in Pre-Cambrian time and later on during Cenozoic
times giving rise to thrusts which are generally high angle
reverse faults. Thus, Pre-Cambrian Hazara Slates is thrusted
over Mesozoic rocks. Likewise Mesozoic and Cenozoic rocks
are also verging to the south and southeast indicating south
directed stresses released during continent-continent
collision.

During the present study, mapping on 1:50,000 scale is
presented and description for the structural geometry is given
in order to enhance the understanding of hydrocarbon
explorationists about the geology of the region in general and
the area under discussion in particular.

Previous work

Geological investigation of Hazara area started during the
1860's. Wynne (1875), Middlemiss (1896) and Cotter (1993)
were among the first geologists who undertook geologic work
in this part of Khyber Pakhtunkhwa (formerly known as
NWFP). These workers spent a considerable time to establish
the stratigraphy of the area. Middlemiss (1896) conducted
detailed work on the geology of Hazara for the first time and
presented a preliminary geological map of a large part of
Hazara. He also described the rock units and gave a
generalized account of the stratigraphy and major structures
and broadly classified the rock units present in this section
into Trias Limestone, Spiti Shale, Grey Limestone, Giumal
Sandstone and Nummulitic Limestone. The name "Syntaxis"
was introduced by Wadia (1934) for the sharply curving
mountain structure in the western half of the area. A geologic
report relating to this area has been published by the Punjab
University (Shams, 1961). Latif (1970) gave a brief account of
the stratigraphy of southeastern Hazara, supported by a
detailed geologic map at a scale of one inch to one mile. He
classified the litho-stratigraphic units into seven groups
separated by unconformities and further subdivided them into
twenty one formations (Ghazanfar et aI., 1990). He
distinguished different formations within the Tertiary
"Nummulitic Series" of Middlemiss (1896). His nomenclature
was later on accepted by the Stratigraphic Committee of
Pakistan. Coward and Butler (1985) published a structural
section along the Murree Abbottabad road and viewed the
Hazara Hill Ranges as a series of imbricate thrust detaching
on the Main Boundry Thrust (MBT). Ghazanfar et al, (1990)
explained the geology and structure of Kuza Gali, Dunga Gali-
-Ayubia area with special reference to hydrocarbon prospects
of Attock Hazara Fold and Thrust Belt. Schenellmann and
Gnehm (1999) prepared a geologic map and cross section of
northwestern Himalayan Fold and Thrust Belt in Hazara.
These authors also proposed a kinematic and dynamic model
to assess the deformation present in the area. Izzat (1993)
explained the variation in thrust front geometry across the
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Figurl: 1- Generalized geological map of the NW Himalayan Foreland Fold and Thrust Belt (modified after
Kazr~lI an.d Rana, 1982). Inset shows the location of the study area. MMT: Main Mantle Thrust, PT: Panjal Thrust,
MBT. Mam Bou~dary Thrust, NPDZ: Northern Potwar Deformed Zone, JF: Jhelum Fault, KR: Khisor Range,
BB: Bannu Basin, KF: Kalabagh Fault, KRT: Kalabagh Reentrant, MR: Marwat Range, BH: Bhittani Range
SR: Surghar Range. '

Potwar Plateau and Hazara/Kalachitta Hill Ranges Chaudhry orscontorrnrues (Ghazanfar et ar., 1990). The Hazara Fold-
et al. (1998) described the sedimentology of Jurassic to Thrust Belt runs in the form of E-W elongated linear belt which
Eocene rocks of Hazara Basin. The present study is turns northwards in the east to merge into the Hazara-
undertaken to map a part of southeastern Hazara at a scale of Kashmir syntaxis. The exposed rocks within the study area
1:50,000 and to explain the structural geometry of the area. range In age from Jurassic to Eocene. Pre-Cambrian Hazara

Formation is exposed in the area along the Hazara Thrust
Zone. A comparison of nomenclature of rock un its exposed in
southeastern Hazara adopted by Latif (1970) and Shah
(1977) is given in Table 1. The nomenclature adopted in this
study is after Shah (1997). The stratigraphic column of the
study area is shown in Table 2.

R.egional Geology and Stratigrphy

.The Hazar~' r-old- Thrust Belt is located in the Lesser
Himalayas, bounded by Panjal Thrust in the north and MBT in
the south. The study area represents a small section through
part of a much larger tectonic feature of the southeastern
Hazara Fold-Thrust Belt. An extensive area of the
south~astern Ha~ara was mapped by Latif (1970) who
descnbed t~e stratigraphy of the area in the explanatory notes
accompanymg the geological map. Stratigraphically the area
of southeastern Hazara forms a part of the much larger Kohat-
P~twarsedimentary basin (Ghazanfaret aI., 1990). It shows a
fairly complete succession from Pre-Cambrian to Miocene
with the notable absence of Middle to Upper Paleozoic
sequence in addition to a number of other smaller

Main structural elements

The study area is located in a fold and thrust belt and has
undergone intense deformation and shortening as
manifested by a number of thrust faults and various large and
small scale folds (Figure 2). The overall trend of these
structures is northeast-southwest, indicating northwest-
southeast compressive stresses. Following is a brief
description of the major structural elements ofthe study area.
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Table 1 - Comparison of nomenclature of rock units exposed in southeastern Hazara
(after Latif, 1970 and Shah 1977).

Nomenclature or the rock
units in Hazm-a
by Ltttif (1970)

Nomenclature uf the n..cck
units in t tezere
by Shah (1977)

Age

Murree Formation
(Ruwn Ipindi Group)

.. ... Unconformity.

Murree Formation
(Rawnlpindi Group) Enrl;o.' Miocene

., ... Uncouformitv ....

K uldunn Formation
Lorn Fomuuion

Margnla Hill Limestone

Kuldnna Formuuon
Chorguli Formation

Margala Hill Limestone
Eocene

Kuzn Guli Shule
Mud Limestone
Not mentioned

Pntnla Formation
Lockhart Formation
Hnugu Formation

Pnh..'Uc,"'ne

... ..Unconformity ... ...Unconformity ..

Chenali Limestone
Giumal SAndstone Group

Spiti Shnle

Kawagurh Formation
Lumshiwal Formation

Chichnli Formation
Cj-etnceous

., ..Unconformity... ..... Unconl'onnity ..

ikhar Limestone
Muiru Limestone group

Not reported

Sarunne Suk Formation
Shinnwuri Formation

Dnun Formation
Jurusslc

....... Unconformity . ..Unconformity ....

I Iazira Formation
Galdunian Formation

Sirhan Formation
Kakul Formation

Haziru Formation
Abbottabad Formation

Cambs-Ian

... ..Unconformity .. .... .Unconformity ...

TU110t Formation
Hazara Group

Tanuwal Fonnution
Hnznra Formation

Pre-Cambrian

Table 2 - Composite lithostratigraphic column of the study area (after Shah, 1977).

AGE FORMATION THICKNESS DESCRIPTION

Eurty Margala Hill 100m Limestone with interbedded
Eocene Limestone lllad and s ha le layers

Late Patois 1801\1
Marly s ha tc with Few

Paleocene Formation limestone beds at places

Middle Lockhart ---~----- 242 III
Nodulnr limestone with

Paleocene Limestone occasional marl and shale
streaks

Late
Cretaceous

Kawugarh
Formation

Enrly
Cretaceous

Lumshiwal
Forruution

Middle
Jurassic

Sumana Suk
Fonnation

Pre-Cambrian Hazara
formation

200m

120m

Medium to thick bedded
limestone with shale in the
lower-part

Predominantly sandstone
with minor occurences of
shale

300 111

250111

Medium to thick bedded
oolitic limestone with minor
shale

Slate and phyllite with
gypsum and graphitic layers
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Figure 2 - Geological map of the study area.
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The area under study exhibits tight folding and in some
areas overturning of the fold limbs has been observed. Major
folds observed in the area include Theh Anticline, Tarimkan
Anticline and Maira Syncline (Figure 2).

Theh Anticline occurs in the middle part of the study area to
the east of the Kohala Lassan village. It contains Lumshiwal
Sandstone in its core. The northern flank of the mentioned
anticline is undisturbed as it is built by normal sequence of
Kawagarh Formation and younger sequences; however, the
southern flank is disturbed. Within Kawagarh overturning to
the north occurs. It indicates that the fold axis ofTheh Anticline

is inclined and fold is obviously south verging. Further in the
south the Kawagarh Formation is thrusted over Patala
Formation along Sarla Thrust. This arrangement shows that
the mentioned anticline and its southern flank is bounded by a
bundle of south verging thrusts (Figure 2). The trend of the
hinge line of this fold is 2550 and it plunges towards west.

Tarimkan Anticline occurs to the south of Theh Anticline.
The core of Tar imkan Anti cline contains Cretacous Kawagarh
Formation which is overlain by Lockhart Formation of
Paleocene age (Figure 2). Since this anticline hosts relatively
younger sequence in its core compared to Theh Anticline in
the north so the uplift rate of this anticline is less than that of
the Theh Anticline.
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Maira Syncline occurs in the southernmost part of the map.
The fold axis of this anticline is running in northeast southwest
direction nearly parallel to the axis of anticlines in the north
and south. Maira Syncline is flanked by Tarimkan Anticline in
the north and an unnamed anticline in the south. It is a tight
fold with steeply dipping limbs and trends approximately 75°.

Intraformational folding is also observed in Kawagarh and
Samana Suk Formation where they are thick and well
exposed near Sinjiala and Kohala Lassan villages,
respectively (Figure 2).

II. Faults

The study area is a part of a major fold and thrust belt and is
therefore characterized by various thrust faults. The major
faults observed in the area are Hazara, Sinjiala and Sarla
Thrust. Hazara Thrust is the major thrust fault encountered in
the northern part of the study area. Along this thrust
Precambrian rocks of Hazara Formation are thrust over
Samana Suk Formation of Jurassic age. The Hazara Thrust is
roughly east-west oriented with undulations and bends and its
dip ranges from 50° to 60°.

Sinjiala Thrust occurs to the south of Hazara Thrust and
brings Samana Suk Formation of Jurassic age in direct
contact with Margala. Hill Limestone of Eocene age. This
thrust is also roughly east-west oriented with a dip of 60°
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Sarla Thrust IS the southernmost fault in the study area
which, for most part of its length, marks the faulted contact
between Kawagarh Limestone and Patala Shale. Towards
west Cretaceous Kawagarh Formation is thrust over Middle
Paleocene Lockhart Formation along the Sarla Thrust. Sarla
Thrust strikes 80° with a dip of 50° NW.

Mesoscopic structures with-in the Hazara Slates.

Mesoscopic structures are the structures visible at the
scale of outcrop and hand specimen. Study of such structures
help in strain analysis, provides information that can help in
the interpretation of regional (macroscopic) structural
relations and provide clues about deformation conditions and
sense of movement during deformation. The deformation
within the Hazara Slates of the Hazara thrust zone is
represented by well developed cleavages and a variety of
folds.

The Hazara Slates show three sets of cleavages. The first
set of cleavages S1 is bedding parallel and is much well
developed as compared to the other two. The less developed
S2 and S3 cleavages occur as conjugate sets (Figure 3). The
deformation within the Hazara Slates appears to be the result
of two phases of deformation. The first being Pre-Cambrian
(primary deformation) and the second being Himalayan
(secondary deformation). The bedding parallel slaty cleavage

Figure 3 - Hazara Slates showing three sets of cleavages (Iat. 33°54'OO"N: long. 73°00'30"E). The most prominent
set of cleavages is the S1 (330°,80°). The other two sets, 52 (150°, 20°) and 53 (130°, 40°) occur as conjugate sets
and oblique to the bedding parallel cleavage set 51.
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S1 is the result of Pre-Cambrian deformation. The S2 and S3
which are less developed as compared to the S1 fabric are
most probably the result of Himalayan deformation. This is
inferred from the fact that joints corresponding to these less
pervasive cleavage sets are also present in the overlying
younger carbonates. The rose diagram of cleavage data
(Figure 4) is shown in (Figure 5) which is indicative of an
overall NE-SWorientation of the cleavages.

A variety of folds, both symmetric and asymmetric, are
present in the Hazara slates. Z-folds (Figure 6), W-folds
(Figure 7) and kink folds (Figure 8) are most commonly
observed in Hazara Slates. The general trend of these folds is
northeast-southwest (Figure 9). This overall northeast-
southwest orientation of the fold axes indicates that they are
the result of northwest-southeast compressive stress. This is
in conformity with the overall northwest-southeast shortening
accommodated by the Main Boundary Thrust (MBT) and the
Hazara Thrust.

..
/

I·I

+

Figure 4 -Orientation data of cleavage sets S1,
S2 and S3 within the Hazara Slates
. S1, the most prominent bedding planar cleavage
. S2 cleavages

S3 cleavaaes

Figure 5 - Rose diagram of the cleavages observed in the Hazara Slates
No. of cleavage measurements = 36
Class interval for compass bearing = 10°
Circular interval representing no of data = 1
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Figure 6 - Southwest looking view of an asymmetric Z fold in Hazara Slates (viewing down plunge);
The orientations of the limbs of the fold are;

1.310°,50°
2. 170°, 70°
3.310°,50°
The hinge line of this fold is oriented 248°, 29°

Figure 7 - Northwest looking view of an asymmetric W fold in Hazara Slates
The hinge line of this fold is oriented 280°, 20°
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Figure 8 - A kink fold in Hazara Slates. The orientations of the limbs of the fold are;
The hinge line ofthis fold is oriented 068°,13°

1.340°,80°
2.150°,60°
3.340°,80°

+
•

..
•

•

Figure 9 - Equal area plot of the hinge lines of the folds in the Hazara Slates.
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Structural transects

In order to explain the surface and subsurface geometries
of the exposed structural features, two geological cross
sections, one along lineAB and the other along line CD of the
map have been constructed (Figure 10 and 11). The salient

. structural features shown in these transects are as follows.

I. Transect along lineAB

The structural transect along the section line AB is
perpendicular to the trend of the major structures present in
the area and is north-northwest oriented. Most of the
formations are northwest dipping and the dips are, in general,
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steep. The northernmost part of the area is covered by the
severely deformed Hazara Slates. The Hazara Slates of Pre-
Cambrian age are thrust over the Jurassic Samana Suk
Formation along the Hazara Thrust. Folding is well developed
in the Samana Suk Formation indicating that it has also
undergone severe deformation. To the south of the Hazara
Thrust, the Jurassic Samana Suk Formation is thrust over the
Eocene Margala Hill Limestone along the Sinjiala Thrust
which is steeply north dipping. To the south of the Sinjiala
Thrust, a conformable sequence of Kawagarh, Lockhart and
Patala Formation is present. The Kawagarh Formation is
thrust over Patala Formation along the Sarla Thrust. To the
south of Sarla Thrust is the Tarimkan Anticline which is cored
by Kawagarh Formation.
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Figure 10 - Geological cross section along line AB of Figure 2.
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Figure 11 - Geological cross section along line CD of Figure 2.
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II. Transect along line CD

The cross section line CD is parallel to the section line AB
but covers the eastern part of the map. It thus shows the
eastern extension of the structures depicted in the section
along lineAB.The Hazara Thrust, Sinjiala Thrust and the Sarla
Thrust show the same sectional geometry as was depicted in
the section along line AB. The Hazara Thrust has brought the
Hazara Formation on top of the Samana Suk Formation.
Sinjiala Thrust is to the south of the Hazara Thrust and has
emplaced the Jurassic Samana Suk Formation on top of the
Margala Hill Limestone. Sarla Thrust has thrusted Kawagarh
Formation over Patala Formation. In between the Sinjiala
Thrust and the Sarla Thrust is the Theh Anticline which is not
present in the section along line AB. The Theh Anticline has
Lumshiwal Formation in its core while Kawagarh Formation
forms its limbs. The southern limb of the Theh Anticline is
overturned and thus Lumshiwal Formation occurs on the top
of the Kawagarh Formation. The ThehAnticiine is not visible in
the section AB because it runs in the west of the plunge. The
Kawagarh Formation is then thrust over the Patala Formation
along the Sarla Thrust. The Tarimkan Anticline is present in
the southernmost part of the cross section as it was in the
cross section along line AB. From both transects it is inferred
that in the subsurface a similar geometry is expected.

Conclusion

The southeast Hazara, being very close to the MBT (to the
north of MBT), has undergone intense deformation. In the
study area this deformation is marked by southeast verging
thrust faults, and northeast trending anticlines. This northeast
orientation of the major structures suggests that the area has
been under the influence of northwest-southeast oriented
stresses. The Hazara Slates present in the northern part of the
study area have recorded both Pre-Cambrian and Himalayan
deformation events. The Precambrian deformation event is
marked by the bedding parallel slaty cleavage (S1). The other
two sets of cleavages (i.e. S2 and S3) are the result of
Himalayan deformation events. This is inferred from the fact
that joints corresponding to these cleavage sets have been
observed in the overlying Cenozoic carbonates. The hinge
lines of most of the folds in the study area are found to be
northeast-southwest trending which also suggests that the
area is subjected to northwest-southeast compressive
stresses.
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