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Abstract 

The Indian Subcontinent contained a wide shallow marine continental shelf during most 

of the Paleocene and Eocene epochs before its collision with Eurasia. The Indus Basin 

formed the Pakistani portion of the subcontinent where carbonate deposition was 

prominent. The Lockhart Limestone is among the carbonate-dominated lithologic units 

developed in the Indus Basin. The latter has been divided into sub-basins due to the 

tectonic disturbance related to the Indian-Eurasian collision. In the northern part of the 

Indus Basin, the sub-basins Kohat, Potwar and Hazara constitute the upper Indus Basin. 

The study area is located in the Potwar and Hazara sub-basins. The Lockhart Limestone 

overlies early Paleocene Hangu Formation and is overlain by latest Paleocene to early 

Eocene Patala Formation, both with confirmable contacts. The Lockhart Limestone is 50 

meters thick in the Potwar Sub-basin and 85 meters thick in the Hazara Sub-basin. Seven 

sections, three from Hazara area and four from Potwar area were studied for lithofacies 

characteristics, depositional environment, biostratigraphy, cyclicity and sequence 

stratigraphy of the Lockhart Limestone. The different lithofacies occur in different 

stratigraphic horizons that constitute the formation; they include fossiliferous calcareous 

shale (Lf1), planktonic-bearing mudstone (Lf2), Discocyclina-Ranikothalia wackestone 

(Lf3), mixed benthic foraminiferal wackestone-packstone (Lf4), Lockhartia-Miscellanea 

wackestone-packstone (Lf5) algal-foraminiferal wackestone-packstone (Lf6) and 

milliolid-bearing mudstone (Lf7). These lithofacies accumulated in subtidal conditions as 

suggested by their lithologic properties, fossil content and absence of intertidal and 

supratidal signatures. However, the vertical arrangement of these facies make cyclicity, 

as each cycle contains different lithofacies that change from deeper to shallower facies 
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(A, B, C& D). The depositional setting is a ramp-type platform in which Lf1, Lf2 and Lf3 

represent the deepest facies (outer ramp) followed by Lf3, Lf4 and Lf5 accumulated in 

the middle ramp, and finally by Lf6 and Lf7 of the inner ramp setting. Some of the larger 

benthic foraminifera are good index fossils that are useful for biostratigraphic age 

determination. These index fossils include Lockhartia conditi, L. haimei, Miscellanea 

miscella, Ranikothalia sindensis, and Discocyclina sp, which indicate Thanatian SBZ 3 & 

4 (58 -56.5 Ma) age for the formation. Nine meter-scale shallowing-upward 

(Milankovitch) cycles were recognized from the Lockhart Limestone. In conjunction with 

the underline Hangu Formation and overlying Patala Formation, two transgressive-

regressive cycles (TR-1 and TR-2) divide the HLP cycle in two parts. The Lockhart 

Limestone with the upper part of underlying Hangu Formation and the lower to middle 

part of overlying Patala Formation were deposited in a single 3
rd

 order cycle (the HLP 

cycle).  
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Chapter 1 

Introduction 

1.1 Preface 

In Pakistan, the rocks of Paleogene age stretch from the Lesser Himalaya to the 

Arabian Sea occur in three depositional provinces that are Upper Indus Basin, Lower 

Indus Basin and Balochistan Basin (Figure. 1.1). Paleogene rocks are characterized by 

limestone and marl with numerous amounts of shale, sandstone, and conglomerate in 

different areas.  The sedimentary rocks of Paleocene Epoch are more or less marine, apart 

from Early Paleocene fluviatile Bara Formation and the basal laterite beds of Lower 

Indus Basin (Shah, 1977a).  

The Upper Indus Basin is further subdivided into different sub-basins (Kohat, 

Potwar, and Hazara). The Paleocene rocks in Kohat and Potwar sub-basins, belong to 

Makarwal Group which, comprise three formations. The lower unit is the lower 

Paleocene Hangu Formation; the lithology of which is sandstone, siltstone, shale, 

claystone, and limestone. The second unit is the Lockhart Limestone lies above the 

Hangu Formation. The Lockhart Limestone is mainly represented by nodular limestone 

with shale/marl interbeds. The topmost geologic unit is Patala Formation which spans 

from late Paleocene to early Eocene in age (Hanif et al., 2012). The Patala Formation is 

predominantly composed of shale with thinly-bedded sandstone and limestone interbeds 

(Shah, 2009). 

The Paleocene to early Eocene rocks of the Hazara Sub-basin also contains the 

three formations of Hangu, Lockhart and Patala (Shah, 1977b). The Paleocene rocks of 

Lower Indus Basin are exposed in the Kirthar and Sulaiman ranges. The Kirthar range 
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consists of Ranikot Group. The formations of this group are Khadro Formation, Bara 

Formation, and Lakhra Formation, while the Sulaiman range contains only Dunghan 

Formation. The lithologies of these formations are limestone, sandstone, and shale (Shah, 

2009). 

The rocks of Paleocene age in the Baluchistan Basin are restricted to Rakhshani 

Formation and Ispikan Conglomerate. The Rakhshani Formation is composed of medium 

to coarse-grained sandstone, fine-grained limestone, conglomerates and pillow lava of 

basaltic and andesitic composition. The Ispikan Conglomerate consists of unbedded and 

unsorted boulders of limestone, igneous rocks and quartz pebbles (Shah, 2009). 

The carbonate rocks of Paleocene age in the study area are economically 

important, in terms of oil and gas occurrence. Other uses of these carbonates, besides the 

petroleum Industry, include: cement, production and construction materials, such as 

decorative stones, slabs, tiles, counter tops, aggregate production for roads and buildings. 

In most parts of the Indus Basin, the Paleocene rocks constitute good reservoirs, with 

well-known oil and gas fields of Chak Naurang, Dhulian, Dhurnal, Toot and Meyal of 

Upper Indus Basin and Dhodak and Rodho, Pirkoh, Sari Singh, Hundi, and Kothar in 

Lower Indus Basin (Kadri, 1995). 

Paleocene rocks indicate depositional setting with an overall low energy and 

anoxic setting which favors the abundance and conservation of organic matter, apart from 

some high energy sandstones and limestone lithologies. The late Paleocene to early 

Eocene Patala Formation of the Upper Indus Basin is considered to be a main 

hydrocarbon source rock. The total organic carbon (TOC) content of the formation ranges 

from 0.5% to 3.5% (Kadri, 1995). In Surghar Range, the Hangu Formation has coal 
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seams at the base. Lockhart Limestone also has a reasonable quantity of organic matter 

content (Kadri, 1995). 

 

Figure 1.1: Map of Pakistan, with several geologic features and the location of the study area (Modified 

from Shah, 1977a). 
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1.2 Purpose of Study  

  The Paleocene strata of the study area and in the other coeval successions in the 

other neighboring regions have a great economic importance for the country. However, 

regardless of its great economic significance, the successions of Paleocene epoch are not 

well studied in the Hazara Sub-basin (Northern Pakistan). The Paleocene rocks are 

barely-investigated in the study area due to thick vegetation cover, complex structural 

geology and limited accessibility. The work carried out by the previous researchers  was 

restricted to general and sporadic mapping, generalized explanation of the lithofacies and 

paleontologic investigation (Latif, 1970a; Shah, 1977b; Akhter and Butt, 1999; Sameeni 

et al, 2009). In Hazara area, (Sameeni et al.,2009) who studied the Lockart Limestone but 

this study gave a partial description of the formation due to the fact that the area is highly 

tectonized highly tectonized and the formation‟s upper contact was not recorded. The 

purpose of this thesis is to examine the latest Paleocene Lockhart Limestone both in the 

Potwar and Hazara areas (Figure 1.2). The current study encompasses a comprehensive 

field work together with petrography, to understand the lithological content and 

biostratigraphic characteristics for the age determination and correlation, both locally and 

regionally. The outcomes of this thesis are anticipated to offer a better understanding of 

the sedimentologic, biostratigraphic and sequence stratigraphic properties of the 

formation. 

 

1.3 Objectives 

The objectives of the present study include the following points. 

 To record the petrographic properties of the Lockhart Limestone in the study area. 

 To interpret sedimentologic data and construct depositional model for the 
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formation. 

 To identify the fossil, study lithology of the formation and document its age, 

based on biostratigraphy of useful larger benthic foraminifera that occur in the formation. 

 Infer any cyclostratigraphic pattern and analyze it within the context of regional 

tectonic-eustatic perturbations and correlated with coeval units occurring in selected 

regions along the circum-Neo-Tethys Ocean. 

 

1.4 Methodology of study 

The study area contains well exposed outcrops, road cuts and one quarry that are 

easily accessible. This research is based on field and laboratory work. The field work has 

been conducted in two different seasons with detailed logging of exposed sections. The 

first two-week long field trip was made in May, 2016 and the second field work was done 

in July, 2017. The field work covered three different regions of Hazara, Kalachitta and 

western Salt Range (Figure 1.2). Seven stratigraphic sections were studied with great 

details and they include: Thandiani, Khairagali, Darkot, Kahi, Askari cement factory, 

Nammal and Kalabagh sections (Figure 1.2, Table 1.1). Purpose of the fieldwork 

includes:  

1) To find and log sections that expose complete thickness of the formation to describe 

the full stratigraphic interval of the formation and document the nature of its upper and 

lower boundaries.  

2) To collect samples for petrographic and biostratigraphic studies. 

3) To identify different flooding surfaces and cyclostratigraphic aspects of the formation  

4) To describe field properties of the formation, such as sedimentary structure and nature 

of the contacts between the different lithofacies units. 
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5) To photograph and generate sketches, useful for rock description in terms of lateral 

and vertical lithologic changes.   

 

1.4.1 Thandiani section (Locality 1) 

This section is exposed on the Thandiani-Abbottabad Road, seven (7) km from 

the main Abbottabad city (Figure 1.2, Table 1.1). The Paleogene age units exposed, from 

bottom towards top, in this section are; 1) Hangu Formation 2) Lockhart Limestone 3) 

Patala Formation and 4) Margala Hill Limestone. Lithologically these units mainly 

consist of limestone except Paleocene Hangu Formation and Patala Formation. The 

Hangu Formation is dominated by sandstone and the Patala Formation consists of shales. 

The studied Lockhart Limestone has conformable, visible contacts with lower Hangu and 

upper Patala formations. The Limestone is 85 m thick at this location. The formation was 

thoroughly examined in this section. Total of 67 samples have been collected from this 

section for petrographic and paleontologic analyses. 
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Figure 1.2: Map showing studied stratigraphic sections in the Upper Indus Basin and locations of the 

sections measured during this study (after Kazmi & Rana, 1982). The first three sections (1, 2 and 3) are 

located in the lesser Himalayas, in Hazara area, the fourth and fifth section (4 and 5) lie in the Kala Chitta, 

northern part of Potwar Basin and the sixth and seven sections (6 and 7) lie in the western salt range of 

Potwar Basin, Map is redrawn and modified from Kazmi & Rana, 1982). 
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Table 1.1: Summary of stratigraphic sections, with geographic coordinates of the studied area. 

Locality 

Number 

Description (Name of section) Coordinates 

Latitude N Longitude E 

1 Thandiani section 34°10′ 07′′ 73° 16′ 33′′ 

2 Khairagali section 33° 59′01′′ 73° 23′ 59′′ 

3 Darkot section 33° 52′15′′ 73° 09′ 15′′ 

4 Kahi section 33°48′ 42′′ 72° 40′ 92′′ 

5 Askari cement factory section 33°48′10′′ 72° 56′ 05′′ 

6 Nammal section 32° 39΄ 58.3′′ 71° 47΄ 49.9′′ 

7 Kalabagh section 32° 57΄ 10.0′′ 71° 34΄ 30.9′′ 

  

 

1.4.2 Khairagali section (Locality 2) 

Khairagali section is exposed near the Khairagali bazar on the main Murree road 

(Figure1.2, Table 1.1). This section contains a number of Paleogene formations which 

are; Hangu Formation, Lockhart Limestone, Patala Formation and Early Eocene Margala 

Hill Limestone. The Lockhart Limestone has both upper and lower confirmable contacts 

with Patala and Hangu formations respectively. Thus, this section offers a complete 

section of the formation with total thickness of 65 m. 

 

1.4.3 Darkot section (Locality 3) 

The Darkot section is located near Darkot Village (Table 1.1). This section 

exposes Hangu Formation, Lockhart limestone, and Late Paleocene-early Eocene Patala 

Formation. In this section, the Lockhart Limestone also preserves the lower conformable 

contact with the Hangu Formation and the upper conformable, contact with the Patala 
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Formation. Thus, this section also exposes continues stratigraphic section of the 

formation, with a thickness of about 60 m. 

 

1.4.4 Kahi section (Locality 4) 

Kahi section is located on the Nizampur Road close to Kahi town, with 

coordinates given in Table 1.1and its location is shown in Figure 1.2. This section 

contains Paleocene formations which are; Hangu Formation, Lockhart Limestone and 

Patala Formation. The Lockhart Limestone has both upper and lower confirmable 

contacts with Patala Formation and Hangu formation respectively. The total thickness of 

Lockhart Limestone at this locality is around 60 m. 

 

1.4.5 Askari cement factory (Locality 5) 

This section is located near Askari cement factory in a quarry (Figure 1.2, Table 

1.1) near Taxila city. This quarry section exposes; Hangu Formation, Lockhart Limestone 

and Patala Formation. The Lockhart Limestone has both upper and lower confirmable 

contacts with Patala Formation and Hangu Formation, respectively. A total thickness of 

55 m for the Lockhart Limestone is preserved at this locality.  

 

1.4.6 Nammal section (Locality 6) 

The Nammal Gorge Section (Figure 1.2, Table 1.1) is located 28 km northeast of 

Mianwali city near Musa Khel village. The rocks of Paleocene age are well preserved in 

this section; they include, from bottom to top, the Hangu Formation, Lockhart Limestone, 

and Patala Formation. The lower and upper contacts of Lockhart limestone are both 
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exposed and confirmable with the Hangu and Patala formations. This section preserved 

total thickness of about 55 m. 

 

1.4.7 Kalabagh section (Locality 7) 

Kalabagh Section is located about 45 km north of the Mianwali city near 

Kalabagh in the locality of Mari Indus village (Figure 1.2., Table 1.1). The units of 

Paleocene age are well exposed in this section. The Lockhart limestone has lower 

confirmable contact with Hangu Formation while the upper contact with Patala 

Formation is covered. The total exposed thickness of the Lockhart Limestone at this 

locality is 45 m. Debris material from the Patala shale covers the upper part of Lockhart 

Limestone; the covered part is estimated to be about 10 m thick.  

 

1.5 Laboratary work 

The laboratory work includes petrographic and paleontologic studies of the 

samples collected from the logged sections. One hundred and sixty three (163) samples 

were selected for thin sections to study microfacies and biostratigraphy, by using 

petrographic polarizing microscope. Other laboratory work includes generation of logs 

for the seven sections described in this study by using CorelDraw software. Data 

integration, correlation of logged sections and production of maps and interpretive 

sketches (such as construction of the depositional environments and biostratigraphic age 

dating) are also an integral part of the laboratory work incurred during this study.  
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1.6 Previous Study 

The rocks deposited in different basins of Pakistan (Upper Indus Basin, Lower 

Indus Basin & Baluchistan Basin), during Paleocene Epoch are mostly limestone, marl, 

shale, sandstone and conglomerate.  These sediments are totally marine excluding the 

fluviatile Bara Formation of Lower Indus Basin (Shah, 1977c). The rocks of Paleocene 

Epoch are well developed in the Upper Indus Basin (Kohat, Potwar and Hazara sub-

basins). The Paleocene rocks of Upper Indus Basin consist of Hangu Formation, Lockhart 

Limestone and Patala Formation (Kadri, 1995). Paleocene rocks have been 

comprehensively studied by a number of researchers (Sameeni et. al 2009; Ahmad, 2010 

and Afzal, 2010). The Lockhart Limestone has been given different names by various 

authors. One of the earliest studies of the succession is the work done by Wynne (1873) 

which termed the strata as the lower part of the "Hill Limestone". This was followed by 

the Middlemiss (1896) applied the name of "Nummulitic series" but the term has been 

changed to "Khairabad Limestone" by Gee (1934), Eames (1952) was also among the 

researchers interested in the strata and proposed the term "Tarkhobi Limestone" for the 

unit. The more recent work of Latif (1970a) employed with the new name of "Mari 

Limestone". This succession of names for the same stratigraphic unit created a confusion 

and inconsistency with the definitions of the strata. In order to eliminate this 

inconsistency among the different authors of the work related to the Paleocene strata of 

the study area, the Stratigraphic Committee of Pakistan (GSP) has officially proposed the 

term as "Lockhart Limestone" for the strata lying between the Hangu and Patala 

formations of the Hazara sub-basin and other adjacent regions. The type section of the 

formation has been taken from Fort Lockhart, with geological coordinates as: 33° 26' N 

and 70° 30' E (Shah, 1977b). The Lockhart Limestone is well-developed in the Upper 
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Indus Basin (Hazara, Potwar and Kohat sub basins). Lockhart Limestone is gray to light 

gray in color, massive to thick bedded and is brecciated in the Kohat area. In Potwar area, 

the formation is light gray in color, with nodular texture and is interbedded with dark 

calcareous shale in the base of the formation. The Lockhart Limestone in Hazara and 

Kala Chitta areas is light to dark gray in color and comprises of shale interbeds (Shah, 

2009). Lockhart Limestone is well devolved in the Upper Indus Basin (Kohat, Potwar 

and Hazara sub-basins). Average thickness of Lockhart Limestone is 60 m in the Kohat 

and Potwar Basins, but it gets thicker towards the northern part of the Upper Indus Basin 

(Hazara sub-Basin). In the latter region, the thickness of the formation varies from 80 to 

242 meters (Latif, 1970a and Shah, 2009). The formation has confirmable and transitional 

contacts with the underlying Hangu Formation and overlying Patala Formation (Shah, 

1977b).  

 Lockhart Limestone has good hydrocarbon potential, to be considered as 

reservoir and source rock. It attracted many local and International companies for 

hydrocarbon exploration activities in the Upper Indus Basin. The work carried out by the 

previous researchers was restricted to general mapping, general explanation of the 

numerous lithofacies and paleontologic investigation (Latif, 1970c; Shah, 1977a; Akhter 

and Butt, 1999; Sameeni et al., 2009). Lockhart Limestone is richly fossiliferous with, 

foraminifera, mollusks, echinoids, algae and minor corals. Various species of 

foraminifera that include the genera; Miscellanea, Alveolina, Lockhartia, Discocyclina, 

Rotalia, and Ranikothalia have been identified from the formation (Cheema, 1968; Latif, 

1976). Lockhart Limestone has been assigned Paleocene age based on their age 

diagnostic fossils (Sameeni et al, 2009; Ahmad, 2010; Afzal et al., 2009).  
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The work of (Sameeni et al., 2009) has addressed the biostratigraphy of the 

Paleogene succession. This included the Lockart Limestone of the Kohat area but the 

studied sections did not include the total thickness of the formation, particularly the upper 

part of the formation and its upper contact were not well-documented. The highly 

tectonized conditions of the region and fault disruptions can be attributed to the lack of 

complete section of the formation in their study area. 

Overall a general work has been done in the studied area. Previous authors didn‟t 

attempt to accomplish the cyclostratigraphy of the formation. Hence, the present study is 

intended to re-investigate the formation lithologically and biostratigrapically to construct 

a depositional model for the better understanding of the cyclostratigraphy of the Lockhart 

Limestone.  
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Chapter 2 

Regional Geology 

 

2.1 Introduction 

The early Mesozoic disintegration of Pangea has splited the supercontinent into 

Eurasia Continent towards north and Gondwana Continent towards south. Such rifting 

created a new ocean called “Tethys” between Eurasia and Gondwana Continents (Smith 

et al., 1981). The Eurasia continent kept most of the Asia and Northern Europe, where as 

Gondwana consisted of (Africa, Arabia, Australia and Antarctica). Throughout the Late 

Palaeozoic to Mesozoic Era the area between Gondwana and Laurasia was occupied by 

two Tethyan Oceans (Paleo-Tethys and Neo-Tethys). The former was formed during late 

Paleozoic Era, when all the continents converged to form Pangea. The Paleo-Tethys was 

closed out during early Jurassic time, once the Cimmerian continent separated from the 

northern Gondwana and finally collides with the southern edge of Laurasia. The younger 

Neo-Tethys started developing in the Mesozoic Era, when the Pangea divided into 

Laurasia to the north and Gondwana to the south (Smith et al., 1981). Himalayas and the 

Indian Ocean confine the Indian plate from the north and south respectively. The 

collision of Indian plate with Eurasian plate resulted in creation of Kohistan island arc, 

was responsible for the closure of Neo-Tethys Ocean and the orogenic uplifting of the 

Himalayas (Johnson et al., 1976, Coward et al., 1986). The Indian Plate still moving 

beneath the Eurasian plate (Seeber et al., 1981). The resultant mountain chain is 3500 Km 

long which is extending in East-West direction, from Nepal to Afghanistan (Bender and 

Raza, 1995). This range is known as NW-Himalayas Fold-Thrust Belt in Pakistan (Shah, 

1977a). A wide range of Igneous, Sedimentary, and Metamorphic rocks obducted to the 
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surface in the form of higher mountain peaks. The rocks that resulted from the collision 

are highly folded and faulted. The amount of distortion increases from the south towards 

north in the Himalayas. Rocks developed in this area are from Precambrian to Recent in 

age (Shah, 1977c; Bender and Raza, 1995). 

The Himalayas mountain ranges are divided into three portions (sub-Himalayas, 

lesser-Himalayas and higher-Himalayas) by different thrust faults, associated with each 

other in NW-Himalayas Fold-thrust belt zone. These bounding thrust faults are Salt 

Ranges Thrust (SRT), Main Boundary Thrust (MBT), Main Mantle Thrust (MMT) and 

Main Karakorum Thrust (MKT) as depicted in (Figure 2.1). The sub-Himalayas zone is 

the lowest portion of Himalayas. Most of the sub-Himalayas area is covered by the Kohat 

Plateau and Potwar Plateau. The Potwar Plateau is categorized by less deformation which 

is 150 kilometers wide in the north-south direction (Kazmi and Rana, 1982). This part of 

the Himalayas contains sedimentary rocks that range from Precambrian to Recent. The 

Salt Range thrust (SRT) and Kala Chitta -Margalla Hill ranges bounded the Potwar 

plateau to the south and north respectively. Farther to the north of the sub-Himalayas is 

the lesser-Himalayas zone, which is confined by Main boundary thrust (MBT) to the 

south and Main Central thrust (MCT) to the north. This portion of Himalayas constitutes 

of sedimentary and metamorphic rocks, ranging from Cambrian to Miocene. Moreover, 

the northern most part of the Upper Indus Basin is the higher-Himalayas, which is 

bounded by Main mantle thrust in the north and Main central thrust (MCT) in the south. 

Precambrian – Cambrian igneous rocks and Cambrian metasedimentary rocks are present 

in this portion of Himalayas (Shah, 1977b; Bender and Raza, 1995). Additionally, due to 

the collision between Indian and Eurasian Plates, the Kohistan Island arc was squeezed 
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in-between the two plates and lies above the higher Himalayas.  The (MKT) separates the 

Kohistan Island Arc (KIA) from the Karakoram Block in the north (Shah, 1977a). 

 

 

Figure 2.1: Tectonic map of Northern Pakistan, with several tectonic slices (Modified after Shah, 1977a).  

 

2.2 Structural geology of the study area 

The northernmost part of Upper Indus Basin is highly tectonized and 

distinguishing among the lower Cenozoic carbonate-dominated units is highly 

challenging. Several thrust faults have slanted the older rocks above the younger rocks 

and have jumbled the sedimentary succession of the area.  

The study area lies in the Sub-Himalayas and Lesser-Himalayas tectonic slice of 

upper Indus Basin; Hazara folds thrust belt, Kala Chitta ranges, and Western Salt Range. 

The rocks of Cambrian - Miocene are exposed along the axial belt in Hazara area (Shah, 
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1977a). The Mansehra Precambrian crystalline zone occurs at the north of the Hazara 

Fold-thrust Belt whereas the Potwar Basin lies to the south.  Also, the Kashmir Basin lies 

at the eastern side of the Hazara Fold -Thrust belt, while Peshawar Basin lies to the west 

(Figure 2.2). The Potwar Plateau is less deformed relative to the Hazara Basin; the 

Potwar plateau is 150 kilometers wide in the north-south direction (Kazmi and Rana, 

1982). In the south the Potwar plateau is confined by Salt Range thrust (SRT) while Kala 

Chitta -Margalla Hill Ranges bounded to the north. Moreover, Indus River and Jhelum 

River occur west and east of the Potwar plateau respectively. The northern part of this 

Plateau is highly deformed, which is termed as the Northern Potwar Deformed Zone 

(NPDZ) (Baker et al., 1988; Abbasi and McElroy, 1991). The NPDZ is a thin area, which 

is sandwich among the Soan Syncline and Main Boundary Thrust (Figure 2.2). 

Additionally, this zone is characterized by tight folds in east-west direction, triangle 

zones, overturned to the south, sheared by steep angle faults, and pop-up style structures 

(Kazmi and Rana, 1982; Bannert, 1986).  
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Figure: 2.2 Tectonics framework of northern part the upper Indus Basin (Modified from Kazmi and Rana 

1982). Main boundary thrust divides the Hazara Basin from Potwar Basin in the north; Salt Range thrust 

divides the Hazara Basin from Central Indus Basin in the south; The Potwar Basin is bounded by Peshawar 

Basin and Kashmir Basin in the west and east respectively. The arrow shows the geographic north. The red 

boxes show the studied areas in Hazara and Potwar Basins.  

 

2.3 Paleogene geology of the study area 

 In Pakistan, the Cenozoic was mountains building era and closure of Tethys 

Ocean, at the same time due to the retreating of the sea, the overall system of accreting of 

carbonates deposits shifted to the terrestrial mollasse deposits (Shah, 1977b). The 

regression of the Mesozoic sea in Pakistan is marked by emergence, due to which the 

Tertiary rocks assumes variable lower contacts with older rocks. The contact between 
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Cretaceous and Paleocene rocks in Sulaiman Province and the axial belt shows angular 

unconformity, disconformity in Kohat-Potwar region and transitional contact in 

Balochistan Basin (Cheema et al., 1977).  

The late Cretaceous regression, was still, sustained during early Paleogene time. 

Overall, the rocks of Cenozoic era of the Indian subcontinent were deposited in an 

extensive shelf and with the passage of time these rocks progressively became narrower 

and withdrew until it reached its current point as the Arabian Sea (Shah, 1977c; Bender 

and Raza, 1995). Due to the high tectonic activities the Cenozoic rocks have variations in 

thickness and lithology, at different localities. In Paleogene time a depression was formed 

due to the collision between Indian Plate and southeastern edge of the Afghan 

Microplate. This depression was filled by the deposition of thick carbonate succession 

and calcareous shale (Warwick and Wardlaw, 1992).  These rocks can be seen in 

different localities of the Potwar and Hazara basins. 

 

2.4 Paleogene stratigraphy of the study area 

During Paleogene time both clastic and non clastic (carbonates unit) were 

deposited in the Upper Indus Basin (Shah, 2009). In the Hazara Basin these units, from 

bottom to top, are consist of Hangu, Lockhart, Patala, Margalla Hill Limestone, Chorgali, 

and Kuldana formations (Figure 2.3). Lithologically the Hangu Formation consists of 

sandstone, shales, minor limestone and localized coals seams. The Lockhart limestone 

has both lower and upper conformable contacts with the Hangu and Patala formations 

respectively. The Lockhart Formation comprises of various bioclastic limestone and 

fossiliferous calcareous shales interbeds. The thickness of the Lockhart Limestone 

fluctuates within the basin (Shah, 1977b). Lithologically, the Patala Formation consists of 
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shales, marl, and limestone. The Margalla Hill Limestone was deposited in Early Eocene 

(Ypresian Stage) as the carbonate depositional factory regains its position after the 

deposition of the siliciclastic-rich Patala Formation. The conditions were still better for 

the accumulation of carbonates and the Chorgali Formation was deposited above the 

Margalla Hill Limestone. The lithologies of Chorgali Formation is lagoonal shales, 

limestone, evaporates and dolomites. On top of Chorgali Formation are the Kuldana 

Formation and Murree Formation. The contact between Chorgali and Kuldana formation 

is disconformable. In Hazara Basin, the carbonate factory of Eocene time is closed by the 

deposition of Kuldana Formation; this is followed by the closure of Tethys Ocean, the 

rise of Himalayas and deposition of the mollasse siliciclastic of the Murree Formation. A 

comprehensive stratigraphic column of the Paleogene stratigraphy in Hazara Basin is 

presented in (Table 2.1). 

In the Kohat-Potwar Basin the sedimentary succession is little different from that 

of Hazara Basin (Table 2.2). The sedimentary succession of Kohat and Potwar Basins 

starts from Hangu in the base dominated by sandstone and shales. The Lockhart 

Limestone has lower confirmable contact with Hangu Formation; the former is composed 

of Limestone and Shale. The upper contact of Lockhart Limestone is with Patala 

Formation which is also conformable one. The Patala Formation is dominated by Shale, 

sandstone and limestone beds. The Patala Formation has confirmable upper contact with 

Nammal Formation. The later is conformably followed by Sakesar Limestone. The Strata 

of the Sakesar Limestone have a dominant lithology of limestone and correlated with the 

Margala Hills Limestone of the Hazara Basin. The Sakesar Limestone has an upper 
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conformable contact with upper Chorgali Formation. The lithology of Sakesar Formation 

is Limestone with subordinate marl (Shah, 1977a).  

 

Table 2.1: Paleogene stratigraphic column of the study area, Hazara Basin (Modified from Shah, 1977a). 
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Table 2.2: Summary of Paleogene stratigraphy of the study area, in Potwar Basin (Modified from Shah, 

1977a). 
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Chapter 3 

Lithostratigraphy, Microfacies Characteristics and 

Depositional Setting of the Lockhart Limestone 

3.1 Introduction 

Paleocene age rocks are well exposed in the Upper Indus Basin, Pakistan. Best 

exposures of these strata occur in the sub-basins of Hazara, Potwar, and Kohat. In the 

current study, both new and previously studied stratigraphic sections are logged in 

different localities of the Potwar and Hazara basins (Figure 1.2). Paleocene strata exposed 

in the studied sections include Hangu, Lockhart, and Patala formations.  

A number of the researchers have studied the Lockhart Limestone in the past, 

such as, Afzal et al., (2005), Sameeni et al., (2009), Baig and Munir, (2007), Afzal et al., 

(2009, 2010, 2011), Ahmad (2010) and Hanif et al., (2012), see Chapter 2 for further 

details. Previous published work cover regional mapping and biostratigraphic dating of 

the Tertiary succession in this tectonically-disturbed area of the Sub-Himalayan region. 

The objective of this chapter is to present the Lithostratigraphic attributes, detailed 

microfacies properties and the depositional setting of the sediments of the Lockhart 

Limestone. 

 

3.2 Lithostratigraphy 

The term Lithostratigraphic (stratified lithology) used for the bulk rocks, bedded 

or unbedded that are defined and categorized due to their lithologic properties and their 
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stratigraphic association. Specifically, it is the study and description of the physical 

characteristics of rocks, particularly in hand specimens and outcrops (Salvador, 1994). 

The Lockhart limestone is well developed in Upper Indus Basin. The Formation 

exists in all the seven studied sections, which is composed of nodular limestone with 

minor shale interbeds. The formation has confirmable lower and upper contacts with the 

Hangu and Patala formations respectively (Figure 3.1a, b & c). The average thickness of 

the formation is 70 m in the study area. The thickness of the Lockhart Limestone is 

variable in each section, with fairly uniform lithology.  The limestone is fine to medium 

grain, nodular and greenish gray in color. The formation is divided into three units (from 

bottom to top as, Unit A, Unit B and Unit C) on the basis of their lithologic character, 

fossil content and stratigraphic association.  

Unit A: The Unit A constitutes the base of the formation. The total thickness of 

this unit ranges from 10 to 15 meters. This unit is comprised of dark brown to blackish in 

color, thin bedded, fossiliferous calcareous shale interbedded with limestone. The 

limestone is light gray in color, fine to medium grained, medium to thick bedded, faintly 

nodular. Both the lithologies of shale and limestone were recorded with frequent 

planktonic foraminifera. Unit A represents the bottommost unit and has a transitional 

contact with the lower Hangu Formation. The lithofacies of this unit is common in each 

studied section which can be used as a marker facies of for all the sections (Figure 3.2 A, 

D and E).  

Unit B: The Unit B occupies the middle part and makes the bulk of the formation. 

This Unit consist of light gray, thick to massive bedded, medium to coarse grain, is 

slightly nodular, bioclastic limestone. A variety of larger benthic foraminifera were 
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identified from this unit, which shows a depositional texture of wackestone-packstone. 

The thickness of this unit is variable in different studied sections. The total thickness of 

this unit ranges from 35 to 40 m (Figure 3.2 A, F and G). 

Unit C: This unit comprise of light gray, thick bedded, fine to medium grain, 

highly nodular, bioclastic limestone interbedded with the light gray, thick bedded, 

fossiliferous calcareous shale. This unit is present in the topmost part of the formation. 

The thickness of this unit is also variable from section to section. The average thickness 

of this unit is around 25 meters. Limestone of this unit has mudstone-wackestone 

depositional texture and contains abundant benthic and planktonic foraminifera. This unit 

has a transitional upper contact with the Patala Formation (Figure 3.2 C and H). 

 

 

. 
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Figure: 3.1: Overturned strata of Lockhart Limestone, with its relationship to the upper and lower 

formations in Kahi section, Nizampur area.  A) The Lockhart Limestone has confirmable lower and upper 

contacts with the Hangu and Patala formations respectively; B) close-up picture of the lower transitional 

contact between Hangu and Lockhart Limestone and C) Upper transitional contact with the Patala 

Formation. 
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Figure: 3.2 Field photographs of different units (A, B & C) constituting the Lockhart Limestone in the 

study area; Unit A is the bottom unit of the Lockhart Limestone consist of different deeper facies as shown 

in (D & E); Unit B hold the middle of the formation and consist of relatively shallower facies is shown in 

(F & G); and Unit C made the top of the formation (C) and consist of deeper facies which grades 

transitionally upward into the base of Patala formation (B & C). For details of Lithostratigraphic facies see 

table 3.1. 
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3.3 Microfacies characteristics  

 A thorough field was conducted along Thandiani Road side in Abbottabad, 

Darkot village near Haripur city, Nizampur area in Attock and Mianwali in western Salt 

Range (Figure 1.2). Beneficial data such as textures, sedimentary structure, fossil‟s types 

and contacts of various lithofacies were recorded during the field work in the form of 

field notes, outcrop‟s pictures and rock samples. Collected samples were used for fossils 

identification, petrography for lithology, color, grain size/ shape, texture and micro 

structure study in laboratory. Field and laboratory study make the essential part of this 

research. Microfacies classification is based on Flügal (2004). Dunham‟s (1962) 

classification system is used for the current study. The Dunham‟s classification and its 

modified version of Embry and Klovan (1971) both are applicable in the field and 

laboratory study. Field and laboratory work permitted recognition, of seven lithofacies 

units (Lf1 - Lf7) for the Lockhart Limestone (Table3.1). 
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3.3.1 Fossiliferous calcareous shale: (LF1) 

This microfacies consist of dark brown to blackish, thin bedded to thick, 

fossiliferous calcareous shale. This microfacies is present in lower and upper part of the 

formation. Thickness of this microfacies varies ranges from few centimeters to one meter 

in the formation. This lithofacies (Figure 3.3) is accompanying with the planktonic-

bearing mudstone microfacies (Lf2) and Discocyclina- Ranikothalia Wackestone 

microfacies (Lf3). No sedimentary feature visible in this lithofacies. Shale of this 

microfacies is fissile at places, with non-swelling properties and is calcitic in nature, 

reacts with dilute acids. 
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Figure 3.3: Field photographs showing relationship of different lithofacies in Lockhart Limestone. a) 

Fossiliferous calcareous shale (Lf1) lithofacies has upper contact with Ranikothalia-Discocyclina (Lf3) at 

the base of the formation, while in b) Fossiliferous calcareous shale (Lf1) lithofacies has upper contact with 

the planktonic-bearing mudstone (Lf2) at the top of the formation.  The red arrow indicates the 

stratigraphic top of the formation. 
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Figure 3.4: Photomicrograph of lithofacies (Lf1), with different allochems as Pc, Cs and Ss, Where; Pc - 

Planorotalite chapmani (plate c & d); Cs – Calcisphere (plate a) and Ss – Sponges spicules (plate b). 

 

3.3.2 Planktonic bearing Mudstone (LF2) 

In field, the planktonic-bearing mudstone microfacies is comprised of medium -

thick bedded, light grey to yellowish, slightly nodular limestone. This microfacies, with 

variable thickness, is common at the base and top of the formation. Uneven layers of 

shale similar to (Lf1) separate the nodules (Figure 3.5a). A variety of bioturbation is 

identified; abolish the texture of this lithofacies (Figure 3.5b). Various sets of calcite 

fillings/ stylolites have been observed in the samples and in the field. Some of these veins 

cut the fossils, show multiple episodes of tectonic activities in the area, after deposition. 

A poor to moderately preserved and sorted grains‟ framework is seen, containing larger 

benthic and planktonic foraminifera. 
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Figure 3.5: Field photograph of Lf2 lithofacies. a) Lf2 is interbedded between highly nodular limestone 

(LF3) & fossileferrous calcareous shale (Lf1) and b) bioturbation is prensent in this lithofacies.  

Red arrow shows stratigraphic top of the formation. 
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The abundance of the allochems ranges from 5 –10 %, with an average of 7 %. These 

allochems consist of planktonic foraminifera include genera of Pseudophragmina Sp, 

Cibicides, and Lockhartia conditi of lager benthic foraminifera. Bivalve, ostracods are 

also present (Figure 3.6). The micritic matrix dominates in abundance and ranges from 90 

- 95 %. Other diagenetic features like stylolite, pyrite crystal, and calcite veins also occur 

in this lithofacies. This lithofacies is characterized by mudstone depositional texture. 

 

Figure 3.6: Photomicrographs of mudstone showing depositional texture of Lf2 microfacies, with different 

bioclasts allochems as Pl, Pc, ma and Lo. (a) Pl - planktonic bioclasts, (b) Pc - Planorotalite chapmani), (c) 

ma - Morozovella angulata,(d) Lo – Lockhartia (c & d), Py - pyrite crystal (a) and St – Stylolite (b)

 . 
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3.3.3 Discocyclina-Ranikothalia wackestone:  (LF3) 

This facies is slightly nodular, dark grey on fresh surface and grey to yellowish on 

weathered surfaces, fine to medium grain, thin to medium bedded limestone. Thickness 

of this microfacies ranges from 2 to 5 meters and occur mostly in the base and top of the 

formation. Infrequently thin beds of shale are interbedded with this facies (Figure 3.7a). 

A sedimentary feature, Nereites deep water ichnofacies trace fossils are identified in this 

facies, i.e., Chondrites trace fossil (Figure 3.7b). This microfacies has a moderately to 

well preserved biogenic content, containing larger benthic foraminifera and planktonic 

foraminifera (Figure 3.8). The abundance of the total allochems ranges from 25 – 50 %, 

with an average of 35 %. The percentage of the lager benthic foraminifera, such as, 

Discocyclina ranikotensis, Ranikothalia sindensis, and Miscellanea miscella in the total 

allochems (35%), range from 60 – 80 % with an average of 70 %, while planktonic 

foraminifera present at a percentage ranges from 20 -4 0 % with an average of 30 %. The 

micritic matrix dominates and ranges in abundance from 50 - 75 % with an average of 65 

%. Calcite veins and stylolites observed in samples and in field point to multiple episodes 

of tectonic activities in the past. 
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Figure 3.7: Field photographs show the Lf1 and Lf3 lithofacies relationship (a). ch - chondrites in 3.7b 

represent Nereites deep water ichnofacies. The red arrow shows the stratigraphic top. 

 

 



37 
 

 

Figure 3.8: Photomicrographs of Lf3 lithofacies, with wackestone depositional texture. Allochems of Lf3 

lithofacies include:  Ds, R & Lo.  

 

3.3.4 Mixed benthic foraminifera wackestone-packstone (LF4) 

In the outcrops, this lithofacies consist of non-nodular, medium to coarse grain, 

light to dark grey, medium to thickly bedded limestone (Figure 3.9a). Thickness of this 

microfacies ranges from 4 to 6 meters and is present in the middle part of the formation. 

The contacts of this microfacies are transitional with the above and below microfacies. 

The foraminifera are visible and can be seen with naked eyes, such as Miscellanea 

miscella (Figure 3.9b). The petrographic analysis of the samples from this lithofacies 

show that the carbonate mud matrix ranges from 35 % to 55 % with an average of 45 %, 

while the framework grains are dominated by bioclasts which include Miscellanea 
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miscella, Lockhartia conditi, Discocyclina ranikotensis, and Ranikothalia sindensis and 

ranges from 45 % - 65 % with an average of 55 % (Figure 3.10). The framework grains 

show either loose packing in which they float within the matrix or grain-supported nature. 

Thus, this lithofacies is characterized by bioclastic wackestone to packstone texture and 

the bioclasts of this lithofacies is thin-thick walled.  
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Figure 3.9: Field photograph of Lf4 lithofacies in relationship with Lf5, in non-nodular, thickly bedded 

limestone. Lf4 lithofacies underlies by Lf5 lithofacies. Ms - Miscellanea miscella, a well preserved 

bioclast, in Figure 3.9b. Red arrow points to the stratigraphic top of the formation. 
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Figure 3.10: Photomicrographs of Lf4 lithofacies with wackestone depositional texture.  In plates “a” to 

“d” Ms, Lo, R, Dys, As, Op and Mi represent bioclasts of Lf4 (For abbreviation details see table 3.2). 

      

3.3.5 Lockhartia-Miscellanea Wackestone-Packstone (LF5) 

The facies is consisting of fewer nodules, dark grey on the fresh surface and 

yellowish on weathered surfaces, is thick to massive bedded, medium to coarse grained 

(Figure 3.11a). This lithofacies is discreetly bioturbated and borrows of a vertical shape 

such as ophiomorpha are identified (Figure 3.11b). The beds of this lithofacies are 

categorized by erosional surfaces (Es) and normal grading from packstone to wackestone 

lithofacies (Figure 3.11c). This lithofacies reoccurs in the middle of the formation. 

Erosional surfaces (Es) in Lf5 represent unconformity. 
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This microfacies has depositional textures of Wackestone-Packstone. A 

moderately to well preserved biogenic content is present, containing larger benthic 

foraminifera and dasycladacean green algae. The abundance of the allochems ranges 

from 40-70%, with an average of 55 %. Species of the larger benthic foraminifera include 

Miscellanea miscella, Lockhartia haimei, Assilina subspinosa, Discocyclina ranikotensis 

and Ranikothalia sindensis, having an abundance range of 60 – 90 % with an average of 

70 % of the total allochems, while dasycladaean green algae are present at a percentage 

ranges from 15-30% with an average of 20 %. Other bivalve and ostracods are 10 %.  

The micritic matrix dominates and ranges in abundance from 30 – 60 % with an average 

of 45 % (Figure 3.12a, b, c, and d). The bioclasts of this facies are thick-walled as 

compare to the (Lf4) lithofacies.  
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Figure 3.11: Outcrop photographs, showing Lf5 and Lf4 lithofacies relationship (a). Op in the tempestite 

bed (b), Es and Cb in Tempestite bed (c). Red arrow points towards stratigraphic top. For abbreviation see 

table 3.2. 

 

 

 

 

 



43 
 

 

Figure3.12: Photomicrographs of Lf5 lithofacies with Wackestone-packstone depositional texture and 

bioclasts of Lo, Ms, dys in plates a, b, d and Lo, As in plate c. For abbreviation see table 3.2. 
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3.3.6 Algal-foraminifera wackestone-packstone (LF6)  

The Algal-foraminifera facies consist of nodular limestone, medium to coarse 

grain, thick bedded and light yellowish grey on weathered and light grey on the fresh 

surface (Figure 3.13a). Sedimentary feature identified in this lithofacies, is ophiomorpha 

(Figure 3.13 b, c). This microfacies is most common and make the bulk of the formation. 

This microfacies has sharp contact with the overlying (Lf1) microfacies (Figure 3.13a). 

The LF6 microfacies has depositional textures of wackestone-packstone, based on 

petrographic analysis. A moderately to well preserved biogenic content is seen, 

containing Algae and larger benthic foraminifera. The abundance of the allochems ranges 

from 50 -75%, with an average of 65 %. Species of the larger benthic foraminifera 

include Miscellanea miscella, Discocyclina ranikotensis and Lockhartia conditi, having 

an abundance range of 40-50% with an average of 45% of the total allochems. While has 

the same percentage, ranges from 40-50 with an average of 45%, Ostracods, bivalves, 

and miliolids having a percentage of 5-15% with an average of 10%. The micritic matrix 

dominates and ranges in abundance from 25-50%, with an average of 35% (Figure 3.14a, 

b, c &d). 
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Figure 3.13: Photographs of Lf6 lithofacies, underlain by Lf1.  Op - the identified sedimentary structure in 

lithofacies Lf6. For abbreviation see table 3.2. The red arrow points to the stratigraphic top. 
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Figure 3.14: Photomicrographs of Lf6 with a wackestone-packstone depositional texture.  Al, Bi, Dys, Lo 

and Ms are the identified bioclasts in pictures. For abbreviation see table 3.2. 

 

3.3.7 Milliolid Mudstone Lithofacies (LF7) 

In the outcrops, this lithofacies is comprised of medium to thick bedded, 

yellowish grey on weathered and light grey to dark grey on fresh surfaces, sparsely 

nodular mudstone. This lithofacies is mostly present in the middle & upper part of the 

formation. The recognizable trace fossils are Thalassinoids (Figure 3.15 a, b). Mudstone 

depositional textures categorize the petrographic study of this lithofacies (Lf7). The 

framework grains of this lithofacies are mostly milliolid, which are poorly sorted and 

moderately preserved. The abundance of the allochems ranges from 5 –10 %, with an 



47 
 

average of 8%.  The micritic matrix dominates and ranges in abundance from 90-95 %, 

with an average of 92% (Figure 3.16). 

 

Figure 3.15: Photographs of Lf7 and Lf6 Lithofacies, with traces of Th plate b (for details see table 3.2). 

Red arrow points towards stratigraphic formation top. 
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Figure 3.16: Photomicrograph of LF7 with mudstone texture and Mi allochems (for abbreviation details 

see table 3.2).  
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Table 3.2 List of bioclasts and other abbreviations, used in the text. 
 

Abbre- 

viation 

Bioclasts name  Abbre- 

 viation 

Description 

Al Algae FWWB Fair Weather Wave Base 

As Assilina KB Karakoram Block 

Bi Bivalve KIA Kohistan Island Arch 

Cb Coarse grain bioclast FSST Falling Stage Systems Tract 

  HH  Higher Himalayas 

ch Chondrites HLP Hangu-Lockhart-Patala 

Cs Calcisphere   HST Highstand Systems Tract 

Ds Discocyclina ranikotensis LH Lesser Himalayas 

dys Discocyclina ranikotensis Lf Lithofacies 

Es erosive surface LFA Lithofacies Association 

LBF larger benthic foraminifera   

Lo Lockhartia family include:  

Lockhartia conditi, Lockhartia  

haimei and Lockhartia tippri  

LST Lowstand Systems Tract 

MBT Main Boundary Thrust 

MCT Main Central Thrust 

ma Morozovella angulata MKT Main Karakoram Thrust 

Mi Miliolids MMT Main Mantle Thrust 

Mj Miscellanea juliettae Py Pyrite crystal 

  RST Regressive System Tract 

Ms Miscellanea miscella SBZ Shallow Benthic Zones 

Op Ophiomorpha SH Sub-Himalayas 

Pc Planorotalite chapmani SWB Storm Wave Base 

Pl   Planktonic bioclasts   

Ss Sponges spicules TST Transgressive systems tract 

R Ranikothalia sindensis St Stylolite 

Th Thalassinoids   
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3.4 Interpretation of the microfacies  

A significant volume of biota, together with sedimentary structures, is normally 

used for understanding a depositional environment of carbonate rocks. Nevertheless, it is 

difficult to interpret the carbonate rocks in the absence of sedimentary structures (Tucker 

and Wright, 1990). The fossils content is the only dependable standards to interpret the 

environment if there is lack of sedimentary structure and other field evidence (Flügel, 

2004). Different researchers (Willems et al., 1996; Ahsan, 2008; Frank, 2010 used the 

fossils and their paleoecology to interpret the depositional setting of the facies. 

In the current study, the Lockhart Limestone is built by accumulation of the above 

microfacies (table 3.1), from 1 to 7. These microfacies, from deeper to shallower contain: 

Shallower Milliolid-bearing mudstone (Lf7), 

Algal foraminifera wackestone-packstone (Lf6) 

Lockhartia-Miscellanea wackstone-pakstone (Lf5), 

Mixed benthic foraminifera wackestone (Lf4), 

Discocyclina-Ranikothalia wackestone (Lf3),  

Planktonic-bearing mudstone (Lf2), and  

Fossiliferous calcareous shale (Lf1), 

 

 

  Deeper 

The Lf1 microfacies, in the field, is dark brown to blackish in color; consist of 

thin bedded, fossiliferous calcareous shale. The facies has bioclast of planktonic 

foraminifera, sponge‟s spicule and calcisphere. The existence of planktonic foraminifera 

alongside with calcisphere suggest a deep marine setting (Bertle and Suttner, 2005). 

Calcisphere specify low energy settings (Koch et al., 1989; Frank, 2010). The existence 
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of calcisphere with planktonic foraminifera suggests outer ramp environments (Frank, 

2010). Calcisphere is stated from distal outer ramp deposits of NW Lesser Himalayas 

(Ahsan, 2008).  

Moreover, the Lf2 microfacies is light grey to yellowish in color, consist of 

medium-thick bedded, is slightly nodular limestone. This microfacies contains bioclasts 

of planktonic and larger benthic foraminifera. The existence of larger benthic 

foraminifera has been the main components of shallow marine shelf carbonates formed in 

warm waters since the late Paleozoic time (Flügal, 2004). Planktonic foraminifera are the 

inhabitants of an upper 400 m column of open ocean waters, and in modern marine 

settings they become more abundant seaward (Tucker and Wright, 1990) and their 

appearance increases at depths more than 200 m. Through normal conditions planktonic 

to benthic ratio rises as the water depth increases (Murray, 1987). The productivity of 

planktonic foraminifera is higher in open pelagic waters, and that of benthic foraminifera 

is higher in the shallow neritic environment (Zwann, 1990). A quite energy depositional 

setting is responsible for mudstone deposition (Tucker and Wright, 1990; James and 

Dalrymple, 2010). 

Additionally, in Lf3 microfacies, the Nereites ichnofacies shows deep-water 

environments, including ocean floors and deep marine basins (Benton & Harper, 1997). 

The larger benthic foraminifera including Ranikothalia and Discocyclina with long and 

thin tests along with planktonic foraminifera also shows deep water environment (Todd, 

1964; Flügal, 1982). The Discocyclina species is documented from the outer ramp 

sediments of Oman (Racey, 1994).  
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The Lf4 microfacie is also dominated by the larger benthic foraminifera. 

Miscellanea miscella is an indicator of warm shallow water environment (Levin, 1957). 

The Discocyclina signifies normal marine conditions and govern a planktonic style of 

life. The presence of Operculina in the Eocene French Alps rocks, signifying lower mid 

ramp setting between fair weather wave base (FWWB) and storm wave base (SWB) 

(Sinclair et al., 1998).The complete plane and discoidal tests of the larger benthic 

foraminifera are unable to live in the high-energy depositional settings but somewhat 

choose to alive in a low energy environment (Anketell and Miriheel, 2000; Racey, 1994). 

The presence of diverse foraminiferal assemblages indicates open conditions of normal 

marine salinity. The presence of lime mud as a matrix indicates low energy condition 

(James and Dalrymple, 2010).  

Similarly, the Lockhartia-Miscellanea packstone (Lf5) microfacie contains the 

sedimentary structures of ophiomorpha trace fossils which are indicative of high energy 

level of waves or current energy and developed in the clean, well sorted, loose or shifting 

substrate (James and Dalrymple, 2010). This ichnofacies may appear in slightly deeper 

water deposits where energy level, food supply, and substrate characteristics are suitable 

(Tucker and Wright, 1990). The erosive surface and normal grading suggest a deposition 

site dominated by storm activities, in which tempestite layers are interpreted (Flügel, 

1982). 

Likewise, the Lf6 microfacies consist of algae and shallow benthic foraminifera. 

Dasycladale green algae normally persist in warm, back reef lagoons and shallow bays 

(Berger and Kaever, 1992), however the ecological inclination has not altered 

significantly throughout the extended past of the group (Flügel, 1991). The dasycladale 
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green algae ranges from lagoonal to the shallow, moderate energy open shelf marine 

settings at a depth of about 40-60 meters (Rey et al., 1993). Sedimentary structure of 

such ophiomorpha shows moderate energy condition (James and Dalrymple, 2010). 

Presence of algae along with shallow benthic foraminifera, indicate deposition in a 

shallow marine. Wackestone-packstone texture of this lithofacies suggests moderate 

energy environment (Flügal, 1982; Tucker and Wright, 1990; James and Dalrymple, 

2010).  

Finally, in the Lf7 milliolid bearing mudstone microfacies, the milliolids is the 

main component, which is the indication of a soft substrate, nutrient-rich, low turbulence 

and semi-restricted depositional setting (Geel, 2000). Furthermore, the presence of 

Thalassinoids traces fossils and mudstone depositional texture highlight the deposition in 

low energy, nutrient-rich and semi-restricted environments (Tucker and Wright, 1990; 

James and Dalrymple, 2010).  

 

3.5 Lithofacies Association (LFA) of Lockhart Limestone 

Seven lithofacies, constituting the Lockart Limestone, can be grouped in to four 

lithofacies associations (Figure 3.17). The lithofacies association (LFA1) comprise of the 

deeper facies including Lf1, Lf2 and Lf3 (Figure 3.17). The fossiliferous calcareous shale 

(Lf1) form base of the LFA1, which grades upward into planktonic mudstone (Lf2) and 

mark the top by Discocyclina-Ranikothalia wackestone (Lf3). Planktonic foraminifera 

and mudstone depositional textures are common in the outer part of the ramp (Frank, 

2010). These facies are deposited in shallowing upward sequence (Figure 5.6). These 

facies are fine grain and contains abundant planktonic foraminifera which show 
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deposition in deep, calm outer ramp settings. Furthermore, the (LFA2) facies association 

includes mixed benthic foraminifera (Lf4) & Lockhartia-Miscellanea (Lf5) lithofacies. 

The (Lf4) lithofacies consists of Operculina, Assilina and discocyclina larger benthic 

foraminifera and have a wackestone-packstone depositional texture. While the (Lf5) 

lithofacies consists of storm dominated deposits and has wackestone-packstone 

depositional texture. These two lithofacies occur in association with each other in the 

middle part of the formation. Thus (LFA2) represent the mid ramp environment. The 

presence of both Planktonic and larger benthic fossils along with the wackestone 

depositional texture of (Lf3) indicate both distal portions of the middle ramp and 

proximal part of the outer ramp. Additionally, the facies association (LFA3) consists of 

algal-foraminifera packstone (Lf6) which consist of dasycladale green algae, lager 

benthic foraminifera, some moderate to high energy sedimentary features and 

wackestone-packstone texture suggest deposition setting of subtidal carbonate shoal of 

inner ramp. Finally, the (LFA4) lithofacies consists of milliolid bearing mudstone facies 

which has depositional texture of mudstone and Thalassinoids trace fossils which 

indicate lagoonal inner ramp settings.  

 

3.6 Depositional setting of the Lockhart limestone 

The detail outcrop and microscopic investigation and identification of the 

lithologic attributes, facies association and fossil content of the Lockhart Limestone 

indicate deposition in a shallow marine carbonate platform. The carbonate platforms can 

be divided into two broad categories, (open unrimmed shelves or ramp type) and a 

rimmed one (Read, 1985). A gentle slope towards the basin characterizes the ramp. The 

depositional sites adjacent to near-shore are considered by comparatively higher energy 
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settings that grade into a variety of low energy environments towards the basin. The 

shallower portion of the platform is composite and has continuous to the isolated barrier. 

Furthermore, the barrier creates minor scale protected environments (lagoon/ponds) 

towards the land of the basin. The rimmed platforms are categorized by a pronounced 

reef, sand shoals and an island along their seaward margin that obstructs the high-energy 

waves and makes a lower energy depositional environment landwards. Facies established 

is mostly controlled by water depth. The shoal/barrier has a steep-to gentle slope 

Seawards, which is mainly characterized by debris flow, fans, and other gravity-driven 

deposits (Tucker and Wright, 1990; James and Dalrymple, 2010).  

 Due to the comprehensive investigation of lithofacies attributes, fossil content and 

lithofacies associations of the Lockhart Limestone, it is anticipated that the formation 

deposited in a homoclinal ramp system (Figure 3.17). Previous researcher divided the 

carbonate ramp on the basis of fair-weather wavebase (FWWB) and storm wavebase 

(SWB) (Burchette and Wright, 1992). The inner ramp is above the fair-weather wave 

base, zone between the fair-weather wave base and storm wave base is a middle ramp, 

and the outer ramp is the area below the storm wave base towards the deep basin floor. 

Furthermore, from both field and microscopic studies, there is no evidence of supratidal 

and inter-tidal features throughout the formation. This highlights that the formation was 

deposited mostly under subtidal settings.  
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3.6.1 Inner ramp  

The inner ramp is the zone above the fair weather wave base (FWWB) and is the 

lightest part of the ramp. This part of ramp comprised of two sub-depositional settings 

(lagoonal environment and the bioclastic sand shoal) (Burchette and Wright, 1992).  

In the current study, the formation has miliolid bearing mudstone lithofacies (Lf7) which 

represents the lagoonal sub-environment. The Lf7 is highly bioturbated and has a 

mudstone depositional texture which is mainly composed of miliolids. The identifiable 

trace fossils in this facies are Thalassinoids. The presence of miliolid contents and high 

bioturbation with Thalassinoids support the lagoonal interpretation (Racey, 1994; James 

and Dalrymple, 2010). Furthermore, the barrier divides the inner ramp from the middle 

ramp, which is formed due to the accumulation of Algal-foraminifera wackestone-

packstone (Lf6) seawards to the Lf7 lithofacies. Shallow benthic foraminifera, 

dasycladale green algae normally persist in warm, back reef lagoons and shallow bays, 

also the dasycladale green algae ranges from lagoonal to the shallow, high energy open 

shelf marine settings (Berger and Kaever, 1992). The depositional texture along with 

biogenic sedimentary feature such as Ophiomorpha suggests moderate to high energy of 

Lf6 lithofacies (Burchette and Wright, 1992).  

 

3.6.2 Mid ramp 

The mid ramp (Figure. 3.17) is the zone in-between the fair weather wave-base 

(FWWB) and storm wave-base (SWB). This zone is characterized by mostly reworking 

sediments (Burchette and Wright, 1992).  
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In the current study, the formation consists of Lockhartia-Miscellanea wackestone 

lithofacies (Lf5), which shows proximal part of mid-ramp. The existence of tempestite 

bed in this lithofacies is the indication of storm episode ((Flügel, 1982). Due to the 

presence of larger benthic foraminifera, depositional texture along with the sedimentary 

structures, i.e., Tempestite bed & ophiomorpha suggests that the (Lf5) lithofacies was 

deposited in proximal mid ramp (Racey, 1994; Tucker and Wright, 1990; James and 

Dalrymple, 2010).  

Furthermore seawards of Lf5 lies, Lf4 which is characterized by thin-walled, flat, 

discoidal or small in size larger benthic foraminifera, including Miscellanea, Lockhartia, 

Ranikothalia and Discocyclina, indicate accumulation in a low energy setting, leeward of 

the LF5 in the distal ramp. Miscellanea miscella is an indicator of warm shallow water 

environment (Levin, 1957). The Discocyclina indicates normal marine conditions and 

live a planktonic style of life. The presence of Operculina signifying lower mid ramp 

setting between fair weather wave base (FWWB) and storm wave base (SWB) (Sinclair 

et al., 1998). Thus, the occurrence of wackestone-packstone depositional texture and 

presence of deep water fossils indicate distal middle ramp setting. The lithofacies 

Ranikothalia and Discocyclina (Lf3) with the (Lf4 & Lf5) shows the calm inter storm 

condition (Burchette and Wright, 1992).  

 

3.6.3 Outer Ramp 

 The outer ramp is the zone stretches from the base of the storm wave base to the 

open ocean basin; storm-generated currents can deposit graded beds and also some 

rework of pre-existing sediments. In some settings, it can be characterized by limited 
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circulation due to which the bottom water may be suboxic or anoxic (Tucker and Wright, 

1990; James and Dalrymple, 2010).  The possible accumulation of sediments in these 

settings may be pelagic sediments, planktonic foraminifera and thin-walled bioclast 

(Tucker and Wright, 1990; James and Dalrymple, 2010).  

 In the current study of Lockhart Limestone, the outer ramp is comprised of 

planktonic-bearing foraminifera (Lf2) and fossiliferous calcareous shale (Lf1) lithofacies. 

The planktonic-bearing mudstone (Lf2) has moderately to well preserve planktonic 

foraminifera‟s bioclasts which shows the very low depositional settings of the outer 

ramp. Likewise, the fossiliferous calcareous shale (Lf1) lithofacies contains bioclasts of 

planktonic foraminifera, sponge‟s spicule and calcisphere. The existence of planktonic 

foraminifera together with calcisphere suggest a deep marine setting (Bertle and Suttner, 

2005). Calcisphere specify low energy settings (Koch et al., 1989; Frank, 2010). The 

existence of calcisphere with planktonic foraminifera suggests outer ramp environments 

(Frank, 2010 and Todd, 1964). In Figure 3.7, the light green elongated diamond shape 

shows the depositional energy. Barrier of the inner ramp has moderate energy (M). The 

energy gets slower (L) towards the proximal part of the inner ramp and proximal/ distal 

part of the outer ramp. 
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3.7 Lithostratigraphic correlation  

Lockhart Limestone is well established in the study area. The Formation occurs in all the 

seven (1 to 7) studied sections, which is mainly composed of nodular limestone with 

minor shale interbeds. The formation has confirmable lower and upper contacts with the 

Hangu and Patala formations respectively (Figure 3.1 A, B & C). The average thickness 

of the formation is 70 m in the study area. The thickness of the Lockhart Limestone is 

variable in each section but has fairly uniform lithology.  The limestone is greenish gray 

in color, fine to medium grain and nodular. The formation is divided into three units (A, 

B and C) on the basis of their lithologic character, fossils‟ content and stratigraphic 

association. 

In the present study, the Lockhart Limestone has been correlated in all the studied 

sections. Both the upper and lower contacts of all the sections are confirmable. The 

correlation of all the sections is based on the same lithofacies present in the studied 

sections (Figure. 3.18). In the start of Paleocene the transgression was towards the south 

and the northern part of the Upper Indus Basin was deeper as compare to the southern 

part, therefore the variation in thickness of the formation occurs (Shah, 1977c). The 

overall thickness of the formation decreases from northern part of the basin towards the 

southern part in the studied sections. 

The (Unit A), which is mostly, consist of deeper facies present in all sections of the 

formation. The thickness of this unit is more in northern part of the basin while it is 

tapering out towards south of the basin. The facies of Unit A is mostly fine grained, thin 

to thick bedded and consists of planktonic foraminifera, shales and limestone. These 

facies are supposed to be deposited in transgression phase of the sea level during 

Paleocene time. This transgression is followed by a transition phase and regression which 

deposited the shallower facies of Unit B.  

Unit B forms the bulk of the formation and present in the middle part of the formation. 

The thickness of this unit is more or less similar throughout the study sections.  The top 

of this unit is confined by the shallower facies milliolid mudstone which marks the 

Transgressive surface (Figure 5.6).  

The (Unit C) is mostly comprise of light gray, thick bedded, fine to medium grain, highly 

nodular, bioclastic limestone interbedded with the light gray, thick bedded, fossiliferous 
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calcareous shale. This unit holds the top of the formation and consists of relatively deeper 

facies. The thickness of this unit is variable in all the studied sections. This unit signifies 

the second transgression phase of the Lockhart Limestone which grades upward into the 

deeper pelagic sediments of the Patala Formation.  

Narrow image of the depositional environment of Lockhart Limestone in the 

studied sections along north-south intersection in the Upper Indus Basin is depicted in 

Figure. 3.18. During deposition of Lockhart Limestone the carbonate platform was 

uneven. Due to tectonic activities and change in sea level configuration of the basin was 

changing, offering low and high depositional sites resulted in the thickness variation of 

different facies (units A, B and C) within the basin, as recorded in different regions of 

Hazara, Kala Chitta and Salt Range. Thickness of the deeper facies is more towards the 

north of the basin and it is thinning toward the south. Stratigraphic columns 1, 2 and 3 

represent different sections recorded in Hazara region. Columns 4 and 5 are the studied 

sections in Kala Chitta region, whereas Stratigraphic columns of 6 and 7 are the studied 

sections from Salt Range area. The upper and lower contacts of Lockhart formation with 

overlaying Patala formation (P F) and underlying Hangu formation (H F) are 

conformable. 
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Figure 3.19: Lithofacies correlations of Lockhart limestone in the studied seven sections. 
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Chapter 4 

Biostratigraphy of the Lockhart Limestone 

 
4.1 Preface 

 

Like most of the Tertiary strata of the Indus Basin, the Lockhart Limestone 

contains different types of benthic and planktonic organisms; they include mollusks, 

algae, foraminifera, corals, ostracodes, Miscellanea, Lockhartia, Ranikothalia, 

Discocyclina, and Assilina. Such fossils are commonly utilized, having their 

paleoenvironmental and biostratigraphic significances. Among these, the foraminifera 

fossils of both benthic and planktonic types are by far the most widely studied and 

applied for biostratigraphic and/or paleoenvironmental interpretations (Hӧttinger, 1960; 

Serra Kiel et al., 1998; Ahmad, 2010; Afzal et al., 2011; Hanif et al., 2012; Ullah et al., 

2017; Khan et al., 2017 and others). Carbonate succession of Paleocene age of the study 

area is very fossiliferous. A plentiful of discretely- to well-preserved larger benthic 

foraminifera (LBF) is present. Existence of numerous species of Miscellanea, Lockhartia, 

Ranikothalia, Discocyclina, Assilina and Operculina have been identified by previous 

workers reported from Paleocene formations occurring in different regions of the Indus 

Basin (Haque, 1956; Raza, 1967; Cheema, 1968; Latif, 1970c; Afzal et al., 2005; Afzal et 

al., 2009; Sameeni et al., 2009; Ahmad, 2010; Hanif, 2011; Ullah et al, 2017). Current 

study also identified some biostratigrapically important species of the larger benthic 

foraminifera. Planktonic foraminifera were also recognized to occur in some lithologic 

horizons but their identification in the species level is difficult. Details of the recognized 

larger benthic foraminifera and their age significance are mainly addressed in this 

chapter. 
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4.2 Larger benthic Foraminifera  

Foraminifera are marine protozoan organism, which have usually linear, coiled 

shell and punctured by small holes or pores. The foraminifera can be found in an 

extensive variety of forms and sizes, and also ensue in various environments, from near 

shore to the deep sea floor setting (Fadel, 2008).  

Based on their life strategy, the foraminifera are divided into two different groups 

i.e., planktonic and benthic foraminifera. Planktonic foraminifera float near surface water 

in open Ocean and benthic types attach themselves to oceanic floor. The planktonic 

foraminifera have outstanding index fossil record because of their speedy evolutionary 

structures and wide geographic distribution (Fadel, 2008). The Larger benthic 

foraminifera are further divided into two types based on their internal structure i.e., 

smaller benthic foraminifera and larger benthic foraminifera. The smaller foraminifera 

have simple internal structure while the larger foraminifera have complex internal 

structures. These two types of foraminifera are very common mostly in shelf areas of 

humid and sub-humid shallow marine environments (Fadel , 2008).  

Larger benthic foraminifera have been used as a useful tool for the biostratigraphy 

and paleoenvironmental analysis. Therefore previous researchers (Hӧttinger, 1960; 

Blondaeau, 1972; and Schaub, 1981) have presented various biostratigraphic zonal schemes for 

the Tertiary rocks of the Tethys Ocean using larger benthic foraminifera. These biozones were 

divided by different boundaries, marked by the occurrence and vanishing of several index 

species containing Alveolinids, Nummulitids, and Assilinids. Furthermore, the previously 

presented work of former researchers has been additionally categorized into Shallow Benthic 

Zones (SBZ) by Serra Kiel et al., (1998). The biozones of Serra Kiel., (1998) were verified 
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by some authors in different parts of the Tethys Ocean (Hasson, 1985; Racey, 1995; Ahmad, 

2010; Swati et al., 2013 and Sameeni et al., 2013).  

 

4.3 Present Study 

In the present research work, seven sections were investigated for biostratigraphic 

and Lithostratigraphic study of Lockhart Limestone in the Hazara and Potwar sub-basins. 

To investigate these sections, one hundred and sixty five (165) samples have been 

collected. These samples have been thoroughly studied for the purpose of petrographic 

and biostratigraphic analysis. The studied rocks contain a decent quantity of macro and 

microorganisms, dominated by different types of foraminifera. Among the foraminifera 

species, the larger benthic foraminifera (LBF) are the most abundant fossils and nine 

fossils from two foraminifera orders, Miliolida and Rotaliida were identified. The 

miliolids are not deemed to be biostratigrapically significant but the different rotalids 

include few index fossils for the age determination of the studied rocks. They include five 

genera that are Miscellanea, Discocyclina, Lockhartia, Assilina and Ranikothalia. Nine 

biostratigrapically important species, three from the genus Lockhartia, two from the 

genus Miscellanea, two from the genus Ranikothalia, one from the genus Discocyclina 

and one from the genus Assilina were identified from the studied sections of the Lockhart 

Limestone. Stratigraphic occurrences, morphological descriptions and inferred ages for 

each of these species are described below.  
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4.4 Larger Benthic Foraminifera (LBF) species  

4.4.1 Miscellaneidae Family 

The Miscellaneidae has bulging angular tests, having little spirals, tightly 

decorated with identical coarse perforation, outstretched bulbous blisters and pillars. The 

tests have raised edges and high bars, which divide the space among longitudinal ridges. 

The bilamellar septa are fairly different. Furthermore, the immature apparatus is having a 

protoconch and a slighter deuteroconch, which is bounded by a common wall with 

canals.  

 

4.4.1.1 Miscellanea miscella 

This species existing throughout the formation in both forms (megalospheric & 

microspheric). The shells have biconvex shape. The megalospheric form has sharp edges 

and unkeeled, though the microspheric forms are spherical and enclosed by number of 

pimples. In the megalospheric forms, the piles cover the shape of the polar region, while 

in microspheric forms the outer pustules are changed into slim piles at the end. The 

megalospheric is circular and the deuteroconch holds the protoconch in the axial section. 

This specie (Figure 4.1 a, b) mark the bottom of SBZ3 and top of SBZ4 (Figure 4.13) of 

latest Paleocene (scheibner et al., 2005). 

 

4.4.1.2 Miscellanea juliettae 

This species occurs in the Lockhart Formation. The megalospheric origin is 

biconch. Both forms have sharp margins. In the megalospheric form the polar region is a 

little convex whereas in the microspheric form is faintly depressed (Figure 4.1 a, b & c). 
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The boundary of this species marks the late SBZ2 and early SBZ3 biozone (Figure 4.13) 

of Serra Kiel et al, (1998).      

  

Figure 4.1: Photomicrographs of Miscellaneidae family,  includes species of miscellanea miscella (4.1 a, 

b) and Miscellanea juliettae (4.1 c, d). 
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4.4.2 Lockhartia  

The test of this species is conoidal to lenticular and has a simple spire of several 

chambers. The upper side is decorated with nodes and various thin to thick pillars filled 

the center part of the test (umbilicus). Different species were identified in Lockhart 

Limestone (Figure 4.2).  

 

4.4.2.1 Lockhartia conditi  

This species is common in the upper portion of the formation. The shell of this 

species is embellished. In the center part of the test a well notable pillars are present. The 

test is tapered and a little curved at the base (Figure 4.2 a). Furthermore, the tip of this 

species is even and has no overturned edges. The size ranges from 1.50 - 2.50 mm. This 

species has a wide range and occurs from top of SBZ4 to the SBZ8 (Kahsnitz, 2017). 

 

4.4.2.2 Lockhartia haimei  

This species is the representative facies and common throughout the formation. 

The anterior side of the test is uniform to elliptical while the posterior side is a little more 

convex. Margins of the test are keeled and chamber has cuneate like shape. Umbilical 

area of Lockhartia haimei is bulky which is packed by several piles of equal dimension. 

The size of this species ranges from 1.5 - 3 mm (Figure 4.2 b). This species mark the base 

of SBZ3 and top of SBZ4 biozone of (Serra Kiel et al, 1998, Kahsnitz, 2017). 
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4.4.2.3 Lockhartia tippri  

The test of this species is little narrowed and somewhat convex base. This species 

has larger size as compare to other species of the Lockhartia genus. This species contains 

more whorls than the other Lockhartia species. Furthermore, edges of the species are 

keeled, exterior is flat and the foliar walls and pillars are distinctive. The size ranges from 

1.5 mm to 3.5 mm (Figure 4.2 c). This species has a wide range and occurs from top of 

SBZ4 to the SBZ8 (Kahsnitz, 2017). 

 

Figure 4.2: Photomicrographs of different species of Lockhartia family: Lockhartia conditi, Lockhartia 

haimei and Lockhartia tippri (4.2 a, b, & c).  
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4.4.3 Discocyclina  

This species has been identified almost in all of the studied sections. The test of 

Discocyclina is discoidal and uniform, which have several chambers. The center portion 

of some species has bulge shape, which radiate thin flanks to both side of the bulge.  

Several species are plane, lengthened and thin in appearance.   

 

4.4.3.1 Discocyclina ranikotensis 

The shape of Discocyclina species is very flat, lengthened, and very skinny as 

compared to Discocyclina Dispensa (Figure 4.3). This species has a very moderate, and 

minor biconvex bulge in the center. The Discocyclina ranikotensis is also categorized by 

chambers.  Test of this species has dispersed granules on the exterior side. The size of 

this species varies between 3 to 4 mm. This species ranges from SBZ3 to SB8 (Jauhri, 

1996). 

 

Figure 4.3: Photomicrographs of Discocyclina specie (Discocyclina ranikotensis).  
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4.4.4 Assilina  

The tests of this species are closely looped; plane to biconvex. Tests are involute 

which consists of several chambers per coils. Furthermore, various species comprises of 

Proloculas (Schaub, 1981; Serra Kiel et al., 1998). 

 

4.4.4.1 Assilina Subspinosa 

This species is not very common and is present in the upper part of the formation. 

The tests of this species have bulging shape. It has well embellished surface. Shape of 

Assilina subspinosa is bolder as compare to other species of the genus. The major 

difference which divides Assilina subspinosa from Assilina granulosa is the midway 

depression present in the species The Proloculas in Assilina subspinosa is well 

prominent. The size of the test ranges from 1.5 - 2 mm (Figure 4.4 a). This specie ranges 

from SBZ4 to SBZ8 (Schaub, 1981; Serra Kiel et al., 1998). 

 

4.4.5 Ranikothalia Sindensis 

 Ranikothalia sindensis is common throughout the formation. The test shape of 

this species is narrow, and even-bulbous (Figure 4.4 b). The test of Ranikothalia 

sindensis has bulges at the margins. This species has range of looping which differs from 

loose-compact. Size varies from species to species which ranges from 4 to 6 mm. The 

geological age of this specie (Table 4.5) ranges from (SBZ3-5) latest Paleocene (Figure 

4.4 b). 
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4.4.6 Ranikothalia sahni 

Ranikothalia sahni is common in mid and top of the formation. The test of this 

species has bulk shape in the center (Figure 4.4e). Ranikothalia sindensis has no 

prominent bulges at the margins. The looping of this species differs from loose-compact. 

This species is smaller in Size as compare to the other species and varies from species to 

species which ranges from 1 to 2 mm (Figure 4.4 c). The age of this species is SBZ3 

(Jauhri, 1996). 
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Figure 4.4: Photomicrographs of larger benthic foraminifera: Assilina subspinosa, Ranikothalia sindensis 

& Ranikothalia sahnii (4.4 a, b, c). 
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The identification of larger benthic foraminifera was carried out through this study, and 

nine larger benthic foraminifer‟s species were recognized. These species include 

biostratigraphic markers larger benthic foraminifera i.e., M. juliettae, Miscellanea 

miscella, Ranikothalia sindensis, Discocyclina ranikotensis and Lockhartia haimei, 

which are assemble together into a Lockhart Limestone biozone (LL). The species of this 

biozone suggest that the Lockhart Limestone biozone is same to that of schaub (1981) 

and Serra Kiel et al., (1998). Therefore, in the current study it is concluded that the 

formation has Thanatian (SBZ3 & SBZ4) age.  

 

4.5  Biostratigraphic age determination for the Lockhart limestone 

 The Paleocene Lockhart Limestone was deposited in the upper Indus basin.  The 

studied formation has lower confirmable contact with the early Paleocene Hangu 

Formation and upper confirmable contact with Patala Formation (latest Paleocene to 

early Eocene). Previous researchers assigned the age for Patala Formation as latest 

Paleocene to early Eocene (Shah, 1977c). Patala Formation is divided into two parts on 

the basis of occurrences of age diagnostic fossils. Due to the presence of Miscellanea 

miscella, the base to middle part of Patala Formation is considered to be latest Paleocene 

while in upper part the first appearance of Nummulites confirmed early Eocene (Sameeni 

et al., 2013). The current biostratigraphic investigation of Lockhart Limestone is a new 

approach to the previous work, which give prolific input to the biostratigraphy for future 

researchers.  

 Lockhart Limestone is one of the major carbonate units of Paleogene epoch and is 

considered as source as well as reservoir rock for petroleum generation and occurrences. 
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Due to which it attract researchers in order to intensify petroleum exploration and 

increase oil production in Pakistan. This formation is developed throughout the upper 

Indus basin of Pakistan. The accumulation and deposition of larger foraminifera signify a 

cyclic order of a carbonate platform. Carbonate succession of Paleocene age of the study 

area is highly fossiliferous, which contain wide range of plentiful and discreetly to well-

preserved LBF. The Lockhart Limestone contain age indicative fossils, recorded in our 

study area include: Miscellanea miscella, Miscellanea Juliettae, Lockhartia conditi, 

Lockhartia haimei, Lockhartia tippri, Discocyclina ranikotensis, Ranikothalia sindensis, 

Ranikothalia Sahnii and Assilina subspinosa (Table 4.5). These fossils were also reported 

by previous workers (Haque, 1956; Raza, 1967; Cheema, 1968; Latif, 1970a; Shah, 

1977a; and Sameeni et al., 2013). This study confirms the existence of such fossils in 

Lockhart Limestone reported by previous researchers. These species have a wide 

geological age range which ranges from early Paleocene to early Eocene (Serra Kiel et 

al., 1998). The age assigned to the Lockhart Limestone is lower Thanatian (SBZ3) by 

Hanif, (2011); Sameeni et al., (2013) assigned the SBZ4 age for the Lockhart Limestone. 

From previous literature and current study, these species are re-evaluated which resulted 

that these species are restricted to SBZ3 - SBZ4 in the upper Indus Basin of Pakistan. 

Furthermore, the detail investigation of the age diagnostic fossils in the studied formation 

confirms the exact age range for individual species (Table 4.5). Some of the age 

diagnostic species have comparatively small age range e.g. Miscellanea Juliettae, 

Miscellanea miscella, Lockhartia haimei and Ranikothalia sahnii. These small age range 

fossils are represented by yellow lines and. longer age range species are shown by black 

lines in the table 4.5. The age range of these species lies between the base of SBZ 3 and 
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top of SBZ 4 of the Thanatian age (Schaub, 1981; Serra Kiel et al., 1998). The age 

indicative fossils were identified from bottom, middle and top of the formation in all the 

studied sections. 

Table 4.1: Age range of different larger benthic foraminifera in the Lockhart Limestone. (Adopted from 

Schaub, 1981 and Serra Kiel et al., 1998). 
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Table 4.2: Biostratigraphy of Thandiani section (1), presenting the position of various LBF in Lockhart 

Limestone.
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Table 4.3: Biostratigraphy of Khairagali section (2), presenting the position of various LBF in Lockhart 

Limestone. 
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Table 4.4: Biostratigraphy of Darkot section (3), presenting the position of various LBF in Lockhart 

Limestone. 
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Table 4.5: Biostratigraphy of Kahi section (4), presenting the position of various LBF in Lockhart 

Limestone. 
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Table 4.6: Biostratigraphy of Askari Cement factory section (5), presenting the position of various LBF in 

Lockhart Limestone. 
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Table 4.7: The above table shows biostratigraphy of Nammal section (6), presenting the position of various 

LBF in Lockhart Limestone. 
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Table 4.8: Biostratigraphy of Kalabagh section (7), presenting the position of various LBF in Lockhart 

Limestone. 
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4.6 Biostratigraphic correlation of Lockhart Limestone  

As discussed, Lockhart Limestone is one of the main carbonate entities of the 

Paleogene epoch in Indus Basin, Pakistan. In the vicinity of Neotethys, most of the 

Paleocene to Eocene carbonate holds a very decent amount of larger benthic 

foraminiferal data. Different researchers worked on the Paleogene biostratigraphy of the 

Neotethys and obtain good data of these fossils (Bellen et al., 1959; Hӧttinger, 1960; 

Hottinger, 1971; Schaub, 1981; Racey, 1994; Serra Kiel et al., 1998; Karim and Baziany, 

2007; Ahmad, 2010; Afzal et al., 2011, Hanif et al., 2012; Sameeni et al., 2013). The 

application of these fossils is very valuable in biostratigraphic dating and correlation. 

Therefore, most of the previous researchers used lager benthic foraminifera as a tool for 

regional and local correlation of different sedimentary layers (Afzal et al., 2011, Hanif et 

al., 2012). In this study, interbasinal correlation of Lockhart Limestone equivalent to 

Paleocene successions of Iran, China, Saudi Arabia and Somalia has been performed. 

Age diagnostic fossils such as M. Juliettae, M. miscella, Lockhartia haimei and 

Ranikothalia sahnii are used as tool for the correlation. The correlation of Lockhart 

Limestone with other Paleocene entities is discussed below in detail. 

 

4.6.1 Local biostratigraphic correlation of Lockhart Limestone 

The Paleocene rocks were deposited in most of the sedimentary basins of 

Pakistan. These basins include: Upper Indus Basin, Lower Indus Basin and Baluchistan 

Basin. Sediments of Paleocene formation are common in all sub-basins of Hazara, Potwar 

and Kohat in upper Indus Basin. The rocks of Paleocene are predominated by carbonates, 

calcareous shale and Sandstone. The Paleocene carbonates are immensely fossiliferous.  
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These fossils mainly include: larger benthic foraminifera (Hanif et al., 2012). Several 

researchers used larger benthic Hanif, 2011; and Sameeni et al., 2013). In the present 

work, the carbonate dominated unit Lockhart Limestone of the two sub-basins (Hazara & 

Potwar) is correlated with its coeval units in other sedimentary basins of Pakistan. 

Adjacent basins which contain same age units are Kohat Basin (upper Indus basin), 

Lower/ Southern Indus Basin and Balochistan. In microscopic study of the collected 

samples, different species of larger benthic foraminifera have been identified. In these 

foraminifera the age diagnostic species include: Miscellanea Juliettae, Miscellanea 

miscella, Lockhartia haimei, and Ranikothalia sahnii. Based on the index fossils study, 

Lockhart formation of Paleocene age at different locations has been correlated, (Table 

4.13). For such correlation Coral Draw software has been used. Paleocene strata in Upper 

Indus Basin are almost the same, known as Makarwal Group (Shah, 1977c). This group 

comprise of early Paleocene Hangu Formation, late Paleocene Lockhart Limestone and 

late Paleocene to early Eocene Patala Formation. In Hazara area the late Paleocene 

Lockhart limestone is medium to thick and massive bedded, slightly nodular, dark grey 

and comprises intercalation of shale, while in Kohat-Potwar Basins the unit is light grey, 

medium to thick bedded, highly nodular and contain calcareous shale (Cheema et al., 

1977). Based on the above reported index fossils in Hazara, Kohat and Potwar sub-basins 

the Lockhart Limestone is of Thanatian SB3-SB4 age conform reported by previous 

workers (Ahmad, 2010; Sameeni et al., 2009; jawad et al., 2005).  

The Paleocene units of Lower Indus Basin are also dominated by carbonate lithologies. 

These units are Khadro, Bara, Lakhra and Dunghan Formations (Shah, 1977b). The 

Lakhra Formation is dominated by limestone with interbeds of sandstone and shale. This 



87 
 

formation also exhibits the age diagnostic species of Miscellanea miscella, Lockhartia 

haimei, and Ranikothalia sindensis, which confirm late Paleocene age of the formation 

(Iqbal, 1972; Hanif, 2011). Furthermore, the Rakhshani Formation of Balochistan Basin 

consists of medium to coarse grained sandstone with  

fine grained argillaceous limestone beds. The Hunting survey corporation (1961) testified 

species from the formation which confirm Paleocene age of the formation. 

Present study and previous literature reveal that the “Lockhart Limestone” in Upper Indus 

Basin corresponds to the “Lakhra Formation” in Lower Indus Basin and “Middle part of 

Rakhshani Formation” in Baluchistan Basin. 

 

Table 4.9: Biostratigraphic correlation of Paleocene strata in different basins of Pakistan.  

 

 

 

 



88 
 

4.6.2 Regional Correlation of Lockhart Limestone  

 

Different tectonic activities have changed the paleogeography of the Tethys 

Ocean and surrounding regions periodically. The Tethys Ocean divided the Pangea 

supercontinent into Laurasia and Gondwana in most of the Mesozoic Era. The ocean 

separated into two parts Paleothetys and Neo-Tethys at the end of Paleozoic Era 

(Stampfli & Borel, 2002). The eastern Neo-Tethys occupied present coastal regions of the 

Indian Ocean in Pakistan, India and Indonesia. The central part of the Neo-Tethys Ocean 

covered the Middle East and parts of north and northeast in Africa. Further west, the 

western Neo-Tethys enclosed the Black Sea, Caspian Sea and Aral Sea (Stampfli, 2000). 

The Paleogene period was time of shallow marine carbonate deposition in most of the 

Neo-Tethys regions. These carbonates that occur in the different regions where circum-

Neo-Tethys shallow-marine conditions prevailed contain well- preserved larger benthic 

foraminifera. Different researchers worked on the biostratigraphy of Neo-Tethys 

carbonate shelf deposits identified large number of species that include, Miscellanea 

juliettae, M. miscella, Ranikothalia sindensis, Discocyclina ranikotensis, and Lockhartia 

haimei, which are correlated within the different units of Tethys Ocean (Bellen et al., 

1959; Hottinger, 1971; Schaub, 1981; Hasson, 1985; White, 1994; Racey, 1995; Serra-

Kiel et al., 1998; Karim and Baziany, 2007; Kumar, 2009; Ahmad, 2010; Rivandi et al., 

2013; Sameeni et al., 2013). In the present study, the carbonate dominated Lockhart 

Limestone is correlated by using the age diagnostic fossils of Miscellanea miscella, 

Miscellanea Juliettae, Ranikothalia sahnii, Discocyclina ranikotensis, and Lockhartia 

haimei with its corresponding units of the Tethys Ocean (Figure 4.5). Numbers 1 to 5 in 

the map represent different countries across the Neo-Tethys.  

 

http://www.wikiwand.com/en/Geology_of_the_Himalaya#CITEREFStampfliBorel2002
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Figure 4.5: Paleogeographic map of the Eocene Epoch shows the study area and its equivalent units across 

the Neo-Tethys Ocean (Modified from C. R Scotese, 2014).  

 

 

4.6.2.1 Pakistan 

 

Paleocene rocks are well developed throughout the sedimentary basins of Pakistan 

(Upper Indus Basin, Lower/ Southern Indus Basin and Baluchistan Basin). These rocks 

are mainly dominated by limestone which contains plentiful and well-preserved larger 

benthic foraminifera. Several researchers have worked on the biostratigraphy of 

Paleocene rocks and identified a good numbers of fossils (Lockhartia conditi, Lockhartia 

conica, Lockhartia haimei, Lockhartia tippri, Miscellanea miscella, Miscellanea 

juliettae, Ranikothalia sindensis, Ranikothalia sahni, Discocyclina ranikotensis, 
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Discocyclina dispensa and Assilina sp). Important age diagnostic species used for age 

dating of the Paleocene strata of Pakistan, include, Miscellanea miscella, M. juliettae, L 

haimei and Ranikothalia sahnii, (Latif, 1970c; Shah, 1977a; Ahmad, 2010; Swati., et al., 

2013; Sameeni et al., 2013; and Alizai et al., 2016). This study also confirms the above 

age diagnostic fossils in the collected samples from our surveyed area. 

 

4.6.2.2 Iran  

Paleocene strata of Kopet-Dagh Basin in Iran, from top to bottom, mainly include:  

Khangiran Formation (Latest Paleocene to Early Eocene) 

Chehel-Kaman Formation (Late Paleocene) and  

Pestehligh Formation (Early Paleocene),  

Chehel- Kaman Formation conformably overlies the Pestehligh Formation and underlies 

the Khangiran Formation. Major lithology of Chehel- Kaman Formation include: 

limestone, dolomite, interbeds of shale, marls and evaporates (Rivandi et al., 2013). The 

Paleocene strata of Kopet-Dagh and Lorestan Basins hold good record of larger benthic 

foraminifera (Kalantary, 1987; Rivandi et al., 2013). Age diagnostic fossils recognized 

from these formations are Lockhartia sp, L haimei, Miscellanea miscella, M. juliettae, 

Ranikothalia sindensis and Discocyclina sp, which assign Thanatian (SBZ3-4) late 

Paleocene age of the. 

 

4.6.2.3 China  

China is also one of the regions where the Neo-Tethys Ocean existed. The 

Paleogene rocks are well developed in different sedimentary basins of china. The Late 

Top 

Bottom 
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Paleocene to early Eocene strata of “Tingri” and “Gamba” areas are dominated by 

carbonates. These basins are mainly occupied by Jidula Formation, Zhepure Shan 

Formation and Youxia Formation. The limestone dominated Zhepure Shan Formation 

overlies the quartzitic Sandstone of Jidula Formation and is overlain by shale/ marl and 

sandstone dominated Youxia Formation (Willems, 1993; Zhu et al., 2005).  The 

Paleocene-Eocene Zhepure Shan Formation is subdivided into different members, which 

contain well preserved age diagnostic fossils (Zhang et al., 2013). These age diagnostic 

fossils are Miscellanea miscella, M. juliettae, Ranikothalia sindensis; Discocyclina sp, 

Lockhartia sp, L haimei, and Alveolina vredenburgi. Based on these fossils middle 

Paleocene age is assigned to Jidula Formation and late Paleocene to early Eocene to 

Zhepure Shan Formation (Serra-Kiel et al., 1998; Zhang et al. 2012), thus are correlated 

to the Lockhart Formation of the study area 

 

4.6.2.4 Saudi Arabia 

Umm-er-Radhuma Formation is a Paleogene unit of Rub al Khali Basin in 

southeastern Saudi Arabia. This formation is mainly composed of carbonates and is early 

Paleocene to early Eocene in age. The formation conformably overlies the Cretaceous 

Aruma Formation (Sander, 1952; Steineke et al., 1958; Powers et al., 1966). The 

formation is investigated for biostratigraphic dating, it contain well preserved age 

diagnostic fossils such as Miscellanea miscella, Lockhartia tippri, L. conditi, Bulimina 

semicostata, Aragonesis, Siphogenerina eleganta and Loxostoma applinae (Powers et al., 

1963).  These fossils indicate that the lower part of the formation is late Paleocene while 

the upper part of the formation is early Eocene in age. 
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4.6.2.5 Somalia  

The Auradu Limestone is a carbonate dominated unit of Paleocene to early 

Eocene in age occurs in northern Somalia. This unit is subdivided into lower, massively 

stratified limestone and intercalation of chert and upper white chalky limestone in 

lithology (Wyllie, 1925). The formation overlies the cretaceous Yesomma Formation and 

underlies the Evaporate of the Taleh Formation. Different researchers worked on the 

biostratigraphy of Auradu Limestone and identified a good number of fossils (Nuttal & 

Brighton, 1931; Silvestri, 1938-1948; Ovey, 1947; Azzaroli, 1948; Ruggieri, 1950; 

Eames & Clark, 1967). These fossils contain age diagnostic species such as Miscellanea 

miscella, Lockhartia tippri, Ranikothalia and Operculina. The presence of these index 

fossils assigns Paleocene to early Eocene age for the formation (Ruggieri, 1950; Barnes, 

1976).  

For the identification of age diagnostic fossils, a detail biostratigraphic investigation of 

Paleogene rocks of the Neo-Tethys has been done by different researchers (Bellen et al., 

1959; Hottinger, 1971; Schaub, 1981; Hasson, 1985; White, 1994; Racey, 1995; Serra-

Kiel et al., 1998; Karim and Baziany, 2007; Kumar, 2009; Ahmad, 2010; Rivandi et al., 

2013; Sameeni et al., 2013). On the basis of these index fossils, it is resolved that the late 

Paleocene Lockhart Limestone has been correlated to several other late Paleocene units 

within the Neo-Tethys realm (Figure 4.5). 
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Chapter 5 

 

Cyclicity and Sequence Stratigraphy of the Lockhart Limestone 

 

5.1 Introduction  

 

Cyclicity defined by a recurring pattern of shallowing-upward successions is well-

documented in the literature (Fischer, 1964; Laporte, 1967; Coogan, 1969; Read, 1973; 

Wilson, 1975; Aigner, 1985; Goodwin and Anderson, 1985). Identification of different 

scales of the carbonate cyclicity, from meter-scale to hundreds of meters, is used to infer 

temporal variations of the tectonic and/or sea level fluctuations that have affected the 

shallow marine carbonate successions (e.g., Fischer, 1964; Hardie & Shinn, 1986; 

Goldhammer et al., 1987; Salad Hersi and Dix, 1999; Salad Hersi et al., 2014). The 

Tertiary strata, deposited in the Tethyan shelf, are dominated by shallow marine 

carbonates defined by cyclic sedimentation driven by both tectonic and eustatic 

perturbations (Salad Hersi and Al-Harthy, 2010; Ullah, 2017). The study area of this 

project is located on the western margin of the Indian subcontinent. This margin was part 

of the extensive circum-Tethyan carbonate platform and occurred within the eastern side 

of the Tethyan shelf (Figure. 4.5). This chapter intends to document the 

cyclostratigraphic attributes of the Lockhart Formation in the study area and further 

discuss the formation‟s cyclostratigraphic and sequence stratigraphic position within the 

context of the Paleogene stratigraphic column of the studied area. 

The term sequence is defined by (Mitchum, 1977), as a comparatively 

confirmable successions of genetically related strata, bounded from the top and bottom 

by unconformities or their correlatives conformities. In a time period of sea level rise and 

fall, various episodes of deposition take place in sequences. Several factors, such as, 
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sediment influx, subsidence and sea level change (local/ global) control the depositional 

pattern of these sequences (Emery and Myer, 1996, Catuneanu, 2006). These factors also 

control the accommodation space which is the area open for possible sediment accretion 

(Jervey, 1988).  Previous authors have documented facies patterns of shallow marine 

carbonate successions, such as, progradational, aggradational, and retrogradational 

paracequences (Goodwin and Anderson, 1985; Emery and Myer, 1996, Catuneanu, 

2006). The sediments related to these sequences take place in depositional packages 

known as systems tracts (Posametier and Vail, 1988; Emery and Myers, 1996; 

Catuneanu, 2006). These systems tracks are categorized into four types as: 

 Transgressive Systems Tract (TST);  

 Highstand Systems Tract (HST);  

 Falling Stage Systems Tract (FSST) and  

 Lowstand Systems Tract (LST).  

Different authors presented a number of models to explain the nature of a depositional 

sequence (Table 5.1). A Transgressive-Regressive sequence (T-RS) model, adopted by 

Embry and Johannessen (1992), was used in our study for the sequence stratigraphic 

analysis of the Lockhart Limestone (Figure 5.1). The boundaries of a transgressive-

regressive sequence (T-R) are defined by two maximum regressive surfaces (MRS) and their 

basinward correlative conformities (Embry and Johannessen, 1992). The transgressive-

regressive sequence (T-R) is separated into two system tracts that are transgressive 

system track and regressive system tracts and their contact is defined by Maximum 

Flooding surface (MFS). The latter marks when the shoreline has shifted farthest inland. 
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A parasequence is defined as “a relatively confirmable succession of genetically related 

beds bounded by marine flooding surfaces "(Posamentier and Vail,, 1988). 

 

Table 5.1: Detailed classification of the system tracts, explain the nature of depositional sequence (Embry 

and Johannessen, 1992). 

 

The Tethyan rocks of Paleocene age are well-developed all over the Indus Basin in 

Pakistan. In the Upper Indus Basin, the rocks are well-exposed in the Salt Range, Kala 

Chitta and Hazara area (Gee, 1989; Sameeni and Butt, 1992). These strata include, the 

early Paleocene Hangu Formation, middle to late Paleocene Lockhart Limestone and late 

Paleocene to early Eocene Patala Formation. There vertical succession, lithofacies 

attributes and depositional environments suggest that they were deposited as one large 
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scale approximately (over one hundred and forty meters) of possibly 3
rd

 order shallowing 

upward cycle termed here as the Hangu-Lockhart-Patala cycle (HLP Cycle). Different 

scales of shallowing-upward cycles are developed within the cycle. The aim of this 

chapter is to document the nature of the cyclicity of the Paleocene to early Eocene HLP 

Cycle, demonstrate the nature of smaller-scale cycles that constitute the Lockhart 

Limestone and discuss the position of the Lockhart Limestone within the larger (HLP 

Cycle).  

 

Figure 5.1 Cross section showing transgressive-regressive sequence (T- RS), capped between two 

maximum regressive surfaces (MRS), Maximum Flooding Surface (MFS) divide the T- RS (After Embry, 

1993). 
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5.2 Cyclicity of the Lockhart Limestone  

 

The Lockhart Limestone was deposited on carbonate ramp in cyclic order. Based 

on the stacking pattern of the various lithofacies units of the formation, four types (A, B, 

C & D) of cycles have been recognized (Figure 5.3), with description as under: 

Figure 5.2: Summary of lithofacies association and their interpretation of the four different types of 

shallowing-upward cycles (A, B, C & D) that constitute the Lockhart Limestone in the study area. 

 

Type A cycles: Mudstone-packstone cycle: This type of cycles follows 

mudstone to packstone trend. They contain fossiliferous shale (Lf1) at its base which 

merges upward into the Planktonic bearing mudstone (Lf2). The (Lf2) facies grades 

upward into Discocyclina- Ranikothalia wackestone (Lf3) and end up with Algal 

foraminifera packstone (Lf6). This type of cycles occurs in the lower and upper parts of 

the formation (Figure 5.2).  

Type B cycles: Wackestone-Packstone cycle: These types of cycle are common 

and make the bulk of the formation, particularly in the middle portion of the formation. 

Cycles of type B has Lockhartia-Miscellanea wackestone to packstone (Lf5) at the base 
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which grades upward into the mixed-benthic foraminifera facies (Lf4) and by Algal-

foraminifera packstone facies (Lf6) (Figure 5.2).  

Type C cycles: Packstone-Mudstone Cycles: The packstone to mudstone cycles 

occur in the middle and upper part of Lockhart Limestone. The base of these cycles is 

marked by Lockhartia-Miscellanea wackestone-Packstone (Lf5) which grades up into the 

Algal-foraminifera packstone (Lf6). The upper part of Type C cycle is capped by the 

milliolid mudstone (Lf2) (Figure 5.2).  

Type D cycles: Wackestone-Packstone Cycle: These cycles occur only in the 

upper part of the formation. Their bases marked by Discocyclina-Ranikothalia 

wackestone (Lf3), which grades upward into mixed benthic foraminifera wackestone-

packstone (Lf4).  

In the formation, each cycle comprises confirmable genetically-related lithofacies 

and is confined by marine flooding surfaces. The cycles in the formation follow the 

shallowing upward trend and have deeper facies in the base which grades upward into 

shallower facies. The total thickness of the formation is 85 m. The cycles within the 

formation range from 7 m to 13 m in thickness. The fact that the Lockhart Limestone is 

dominated by subtidal facies lacks recurring erosional features and does not show 

intertidal to supratidal depositional signatures, due to which recognition of cyclic 

sedimentation becomes more challenging. However, using textural parameters (vertical 

distribution of mudstone to packstone lithofacies), interpreted facies depth based on the 

nature of the bioclasts (mainly planktonic and benthic foraminifera) and the stacking 

pattern of these textural and bioclastic features in the Lockhart Limestone, nine 

shallowing upward meter-scale cycles were identified.  These small scale shallowing 
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upward meter-scale cycles are further grouped to form the bulk of two Transgressive-

Regressive cycles: (T-R 1 and T-R 2 Fig 5.6). Detail of these two T-R sequences is 

below. 

 

Figure 5.3: Field photographs showing the marine flooding surfaces, represented by the green line in A). 

The outer ramp deposit (Lf2) lying above the shallower inner ramp facies (Lf6) in B). The fossiliferous 

shale Lf1 lies on top of inner ramp (Lf6) deposits. The red arrow indicates the stratigraphic top. A: Kahi 

section B: Nammal section. 



101 
 

 
Figure 5.4: Field photographs showing several kinds of cyclicity in the Lockhart Limestone. A: Thandiani 

section, B: Nammal section. Red dotted line shows the lower contact of the Lockhart Limestone with 

Hangu Formation; Yellow lines show the boundaries between different facies; Green line shows the 

maximum flooding surface. The Type A-cycle starts from Lf2 lithofacies and is ended by Lf6 lithofacies. 

B) In Type B-cycle the base is mark by Lf5 lithofacies which grades upward into the Lf6 and mark the top 

by Lf7 lithofacies. The green line shows the Transgressive surface (TS-1). The stratigraphic top is shown 

by the red arrow (    ). 
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5.3 Vertical stacking pattern of the Lockhart Limestone cycles 

The Lockhart Limestone consists of nine shallowing upward meter-scale cycles. 

These cycles are dominated by (A, B, C and D). The lower part of the formation is 

dominated by (type-A), the middle by (type-B and type-C) and the upper by (type-A) 

cycles. The thickness and depositional depth of these cycles vary within in the studied 

sections. At the time of deposition, the basin was deeper towards the north and shallower 

towards the southern part. Therefore, the accommodation space was more toward the 

north and less to the south of the basin. Thus, the cycles deposited in the northern part of 

the basin are relatively thicker than those deposited in the southern part of the basin. 

These smaller-meter scales are grouped into two larger scale cycles that constitutes 

transgressive-regressive cycles i.e., TR-1 and TR-2 (Figure 5.5). The two transgressive-

regressive cycles together form a large Hangu-Lockhart-Patala cycle (HLP Cycle). The 

deposition of the lower part of the Lockhart Limestone is genetically-related with the 

deposition of the underlying Hangu Formation. Conversely, the upper part of the 

Lockhart Limestone is in depositional continuity with the overlying Patala Formation.  

The HLP cycle is represented by the yellow arrow. The upper part of TR-2 belongs to 

Patala Fm and therefore the upper Lockhart Fm is only the lower portion of TR-2. 

Actually since the MFS-2 lies in the Patala Fm, the upper Lockhart Limestone is only the 

lower part of the Transgressive Systems Tract. The basal part of the Patala Formation 

forms the uppermost part of the transgressive systems tract until it reaches the (MFS) and 

then the regressive portion of the TR-2 is defined by the regressive portion of the lower 

Patala Fm until you reach the base of a new TR-3. 
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5.4 The Hangu-Lockhart-Patala (HLP) Sequence 

 

The Indian plate collides with the southeastern Afghanistan plate in the early 

Cenozoic era. This collision resulted in the development of depression between the two 

plates, which was later on filled by Paleogene sediments (Gansser, 1964; LeFort, 1975). 

Furthermore, a composite depositional setting is formed due to the active tectonics in the 

region and lead to the development of different sub-basins of Kohat, Potwar and Hazara 

(Shah, 1977a).  In most of the Paleogene time, the Potwar and Kohat sub-basins were the 

site of shallow to deep marine depositional site (Wells, 1984; Warwick and Wardlaw, 

1992).  

Previous work in the Cenozoic succession of the Potwar and Kohat basins 

documented that the stacking pattern of the sedimentary succession suggests relative sea 

level fluctuations (Ahmad, 2010; Afzal et al., 2011). These relative changes were due to 

tectonic, eustatic, and rate of sedimentation variation in the area (Afzal et al., 2009). The 

sea level change had a greater impact on the deposition pattern of the strata (Nichols, 

2009).  This relative sea level fluctuation is also reflected in the stratigraphic succession 

of the Lockhart Formation in the study area. The objective of this section is to discuss the 

latest Paleocene Lockhart Limestone of the northern Upper Indus Basin and the 

depositional properties of the formation with respect to the relative sea-level changes. By 

considering the Hangu-Lockhart relationship, the TR-1 has started earlier within the 

Hangu Formation. Therefore the cycles 1 to 6 of the Lockhart Limestone constitute the 

upper part of TR-1 whereas the lower part is formed by the upper Hangu Formation 

(Figure 5.5). Similarly, the upper three cycles of the Lockhart Limestone (cycles 7, 8 and 

9) are in continuous depositional system with the lower part of the Patala Formation. 
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Therefore, the upper part of the Lockhart Limestone constitutes the lower part of TR-2 

and the lower part of the Patala Formation constitutes the upper part of TR-2. It also 

attempts to locate the stratigraphic position of the Lockhart Limestone within the large-

scale Transgressive- Regressive HLP cycle.  

 

5.4.1 Hangu-Lockhart Transgressive-Regressive Cycle (TR-1 cycle)  

The Hangu Formation is the oldest Paleocene rocks in the study area and lies 

unconformably on the Cretaceous strata of Kawagarh Formation (Shah, 1977a). The 

lower part of the Hangu Formation consists of sediments resultant from continental 

deposition that contains basal lateritic beds overlain by coarse-grained, quartz-rich, 

gravelly sandstone (Danilchik and Shah, 1987). The lithology of the middle to upper part 

of the Hangu Formation varies within the sub-basin but it is commonly dominated by 

sandstone lithofacies. In the Hazara and Potwar sub-basins, middle to upper part of the 

formation consists of deltaic to shallow marine deposits of sandstone giving way upward 

to mixed sandstone, shales and carbonate lithologies, shifting from continental to marine 

environment of deposition (Danilchik and Shah, 1987). The upper contact of the Hangu 

Formation is arbitrarily placed at the upper surface of the last sandstone marker bed 

overlain by carbonate lithofacies of the Lockhart Limestone.  In the study area, no 

sandstone beds are present in the Lockhart Limestone, due to the marine environment 

condition during Paleocene age in that particular region. However, shale lithofacies (Lf-

1) are interbedded with the carbonates of the Lockhart Limestone. Thus, the shallow 

marine strata of the Hangu Formation merge upwards with the shallow marine sediments 

of the Lockhart Limestone. This indicates that transgression has started within the upper 



106 
 

part of Hangu Formation and continued into the lower part of Lockhart Limestone where 

the deepest lithofacies is indicated by the presence of planktonic-bearing mudstone (Lf2) 

in lower part of Lockhart Limestone. The relative sea level rise (transgression) reached its 

maximum at the basal facies of cycle 3 (Figure 5.5). Furthermore, the inner ramp to 

proximal middle ramp shallow marine facies builds the middle portion of Lockhart 

Limestone (Figure 5.5), which proposes to be deposit during regression phase (Figure 

5.5). Moreover, the upper part of Lockhart Limestone and lower part of Patala Formation 

consists of distal middle to outer ramp deeper facies. The bottom-most portion of the 

Patala Formation has Planktonic mudstone lithofacies and signifies deeper mid-outer 

ramp environment. Also, the middle part of Patala Formation encompassed bioclastic 

wackestone-packstone facies which indicating depositions in shallower subtidal settings. 

Deep marine pelagic shales represent the top portion of Patala Formation (Ahmad, 2010).  

The end of Cretaceous time is manifested by a regression of the sea towards the 

north (Kadri, 1995). This regression is continued during early Paleocene and deposits the 

lower part of Hangu Formation. The Hangu Formation is the first geologic unit of 

Paleocene epoch. The lower part of Hangu Formation records regression which is 

followed by a transgression in the upper portion of the formation (Shah, 2009). The 

presence of relatively deeper facies above the shallower facies of Hangu Formation 

designates the surviving of a Transgressive Surface (TS-1). The start of Transgressive- 

Regressive (TR-1) cycle is marked by Transgressive Surface (TS-1). This unceasing 

transgression grades upward and deposits the lower part of Lockhart Limestone. The 

transgression continues in the Lockhart Limestone which is characterized by Type A 

cycles (cycles 2-3 and Figure 5.5). These kinds of deeper cycles are present in the lower 
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part of the formation. Furthermore, the cycle 4 & 5 of Type B cycle (Figure 5.6) 

represent the central portion of the formation. These cycles characterize deposition in a 

progression phase of Transgression-Regressive TR- 1. Moreover, the Type C cycle 

(Figure 5.6) consists of (cycle 6). This cycle has shallower facies and is deposited in a 

regression stage of the sea level. The Type C cycle (cycle 6), is underlying by relatively 

deeper Type D cycle (cycle 7) (Figure5.5). A transgressive surface (TS-2) is marked 

between the cycle 6 and cycle 7. This surface is the start of Transgressive- Regressive 

cycle (TR-2).  The planktonic bearing mudstone marks the maximum flooding surface 

(MFS-1) in cycle 3 of the Transgressive-Regressive (TR-1).  

 

5.4.2 Lockhart-Patala Transgressive-Regressive cycle (TR-2 Cycle)  

The transgressive-Regressive depositional cycle (TR-2) deposited the topmost 

part of Lockhart Limestone and the lower part of overlying Patala Formation (Figure 

5.6). In the middle to upper part of the formation, the existence of the relatively deeper 

Type D cycle (cycle 7) above the shallower Type C cycle (cycle 6) marks the 

transgressive surface (TS-2). This transgressive surface (TR-2) marks the start of 

Transgressive-Regressive (TR-2). The deposition of Type D cycle (cycle 7) takes place at 

the start of the transgression which continues and grades upward into the deeper Type A 

cycle (cycles 8, 9) of Lockhart Limestone (Figure 5.5). Furthermore, the base of Patala 

Formation consists of sparsely bedded lime mudstone, which is interbedded with planktonic 

bearing shale. The lower portion of Patala Formation is deposited in a transitional phase of 

Transgression-Regressive (TR-2), while a medium-thick bedded bioclastic packstone to 

wackestone, marl, and thinly bedded shale constitute the middle part and is deposited in 

regression phase of the TR-2 cycle. Additionally, the topmost part comprises of brown-grey 
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shale which is rich in planktonic and benthic forams and suggests a deposition in deep marine 

settings (Shah, 1977z; Ahmad, 2010; Afzal, 2010). The surface between the lower and 

middle part of Patala Formation marks the Maximum Flooding Surface (MFS-2) of the 

Transgressive-Regressive TR-2 cycle. The existence of deeper pelagic facies of the top 

portion over the shallower middle facies of Patala Formation marks the Transgressive 

surface which is the top of HLP cycle (Figure 5.5).  

 

5.5 Relative sea level changes during the HLP Cycle 

The initial marine Cenozoic era sedimentation in the basin started with the 

Paleocene transgression (Haque, 1956). The Hangu Formation lies conformably below 

the Lockhart Limestone and comprises of lower and upper parts. The lower part 

deposited/ formed in shallow marine/continental environment, consists of sandstone 

facies with sedimentary features including cross-bedding, and channel fills. However, the 

upper part is dominating by mixed facies of mudstone, carbonaceous shale, and coal beds 

with minor limestone (Raza, 1967). The formation also contains marine fossils such as, 

gastropod, bivalve, mollusks, algae, echinoderms, brachiopods and small foraminifera. 

The presence of cross-bedding, and channel fills and diverse fauna indicate that the lower 

part of the formation is deposited in the shallow marine high energy depositional 

condition while the upper part of the formation is deposited in lagoonal to shallow marine 

environment (Raza, 1967). The lithofacies analysis of the Lockhart Limestone (see 

chapter 3) indicates that the formation accumulated in three bathymetrical zones 

(i) a lower part of deep subtidal environment and dominated by muddier facies with 

planktonic foraminifera; 
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(ii) a middle part dominated by wackestone to packstone lithofacies which contains 

larger benthic foraminifera and accumulated in agitated subtidal environment shallower 

than that of lower part and 

(iii) an upper part dominated by muddier facies with planktonic foraminifera and 

interpreted to have accumulated in low energy subtidal setting deeper than that of the 

middle unit.  

The uppermost deeper facies of Lockhart Limestone grades upward into the deep marine 

shale of the overlying Patala Formation (shah, 1977a). The Patala Formation comprises 

of three lower, middle and upper parts, which were deposited in, different depositional 

environments. In the base, the formation is consists of thinly bedded lime mudstone 

interbedded with planktonic bearing shale. Medium-thick bedded bioclastic packstone-

wackestone, marl and thinly bedded shale are present in the middle part of the formation 

while the upper part of the Patala Formation consists of brownish-grey shale which 

contains planktonic and smaller benthic foraminifera suggesting accumulating in the deep 

marine settings (Ahmad, 2010; Afzal, 210). The middle part of Patala Formation 

deposited in the inner ramp (Shah, 1977c; Ahmad, 2010), which marks the top of HLP 

cycle in the current study. The HLP cycle consists of three different formations (Hangu, 

Lockhart, and Patala), and the age starts from Paleocene (SBZ 2/ Selandian) (Table 5.6) 

and ends up with SBZ 4/ upper Thanatian). The HLP cycle has lower and upper 

boundary, the age of the lower SBZ 2/ Selandian (boundary is 60 Ma (Warwick and 

Wardlaw, 1992); however, the upper SBZ 4/upper Thanatian boundary is 55.5 Ma 

(Ahmad, 2010; Ullah, 2017).  Thus, it can be calculated that the temporal span of the 

HLP cycle is 4.5Ma. 
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The age duration of the HLP cycle is around 4.5Ma, as stated above. The 

Lockhart Limestone holds about one third of the total time span of the HLP cycle. The 

age of the formation ranges from about 58Ma to 56.5Ma (Figure 5.6). In this study, the 

interpretation of the individual cycles is based on the assumption that the cycles have 

equal temporal duration (Fischer, 1964; Goldhammer et al., 1987; Laporte, 1967; 

Coogan, 1969; Read, 1973) and is therefore carried out by dividing the total time 

represented by the stratigraphic section of the formation by the total number of cycles. 

Hence, the total time duration of the Lockhart Limestone is 1.5 Ma. Moreover, the time 

span of the Lockhart Limestone can be further cut down; dividing the total time span of 

the formation by nine (9) cycles. The resultant average time span for each cycle is 

1.5Ma/9 cycles = 166,666 years. The time span of these cycles lies within the range of 

Milankovitch cyclicity which is in the range of 10,000-200,000 years (Boggs, 2006). The 

average time span of Milankovitch cycles are used to identify the total time span of TR-1 

cycle which contains six small (5
th

- to 4
th

-order) cycles. The total average time span for 

TR-1 is 6x166, 666= 999,996 years (almost 1 Ma). The TR-2 cycle consist of three (3) 

small (also 5
th

- to 4
th

-order) scale cycle, the time span of which is 3x166,666=499,998 

(nearly 0.5Ma). The identified time duration of TR-1 is higher than fourth and fifth order 

cycles, therefore, the TR-1 is pictured as a 3
rd

 order cycle. The TR-2 sequence is 

incomplete and continues into the Patala Formation. The upper part of Lockhart 

Limestone and lower part of Patala Formation consist of TR-2 cycle and the total time 

span for the cycle is over 0.5Ma which lies in the range of 3
rd

 order cycle. Therefore, the 

TR-2 cycle is illuminate as 3
rd

 order cycle. Furthermore, the HLP cycle starts from Hangu 

Formation and ends up with middle part of Patala Formation. The PMC cycle consists of 
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Upper part of Patala Formation, Margala Hill Limestone and Chorgali formation (Ullah, 

2017). Each of the (HLP & PMC) cycles consists of two 3
rd

 order cycles. So, it is cleared 

that Paleogene units starting form Hangu Formation and caped by Chorgali Formation 

reflect deposition in one large scale 2
nd

 order cycle (Figure 5.6) and it can termed as 

Paleocene-Eocene cycle (PE cycle). The geological age of the PE is 7.5ma (60-52 Ma, as 

in Figure 5.7) and is derived from the index fossils studied in this thesis and from 

previous work carried out by (Ullah, 2017). 

The HLP cycle curve is not behaving accurately to the global sea level curve, this 

behavior is because of the active tectonics at the time of deposition. Nevertheless, the 

HLP cycle follows the general trend of the global sea level.  
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Figure 5.6: Stratigraphic range of the HLP and PMC cycles 
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Chapter 6 

 

Summary and conclusions 

 
The current study addresses the sedimentologic investigation, biostratigraphic analysis, 

depositional environment, cyclostratigraphy and sequence stratigraphy of the Lockhart 

Limestone. The study area lies in the northern part of the Upper Indus Basin.  The 

Paleocene units in the study area comprise of Hangu Formation, Lockhart Limestone, and 

Patala Formation. Seven stratigraphic sections that represent the total thickness of the 

formation were measured, sampled, logged, described and studied their microfacies and 

fossil contents. These seven stratigraphic sections include Thandiani, Khairagali, Darkot, 

Kahi, Askari cement factory, Nammal and Kalabagh sections.  

The age of Lockhart Limestone is Thanatian (latest Paleocene). The Lockhart 

Formation overlies the Hangu Formation and underlies the latest Paleocene to early 

Eocene Patala Formation, both contacts are confirmable. Due to the Neo-Tethys position 

towards the north, in the study area, the thickness of the Lockhart Limestone is becomes 

thinner gradually from north to south and (i.e., from offshore towards land) varies from 

85m (Thandiani section towards north) to 55m (Kalabagh section towards south) in the 

study area. Seven lithofacies (Lf1-Lf7) are identified by examining the strata both in the 

field and in the laboratory (petrographically). These lithofacies from bottom to top 

include 1) fossiliferous calcareous shale (Lf1), 2) planktonic bearing- mudstone (Lf2), 3) 

Discocyclina-Ranikothalia wackestone (Lf3), 4) mixed benthic foraminifera wackestone-

packstone (Lf4), 5) Lockhartia-Miscellanea wackestone-packstone (Lf5), 6) algal-

foraminifera wackestone-packstone (Lf6) and 7) milliolid-bearing mudstone (Lf7). The 
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lithologic attributes, sedimentary structures and fossil content of the Lockhart Limestone 

suggest a depositional setting of a homoclinal carbonate ramp environment. The 

depositional ramp is divided into three parts inner, middle and outer ramp. The inner 

ramp is further divided into lagoonal zone represented by LF7 and subtidal carbonate 

sand shoal zone represented by LF6. The mid ramp depositional system is characterized 

by the presence of Lockhartia-Miscellanea lithofacies (Lf5) mixed benthic foraminifera 

(Lf4) and Discocyclina-Ranikothalia (Lf3) lithofacies. These mid ramp facies are 

categorized by ophiomorpha and tempestite beds which underscore the deposition below 

the fair weather-wave base (FWWB).  The outer ramp is exemplified by the 

Discocyclina-Ranikothalia wackestone (Lf3), Planktonic-bearing mudstone (Lf2) and 

fossiliferous calcareous shale (Lf1) lithofacies. These lithofacies are deposited in a 

vertical stacking pattern, with Lf1 towards bottom and Lf2 towards top, which suggests 

cyclic sedimentation. The detailed study of these facies leads to the identification of four 

types of meter-scale, shallowing-upward cycles (A, B, C, and D) within the formation. 

Cycle type A consist a vertical succession of fossiliferous calcareous shale (Lf1), 

planktonic-bearing mudstone (Lf2), Discocyclina- Ranikothalia wackestone (Lf3) and 

algal-foraminiferal packstone (Lf6). Cycle type B is defined by a vertical succession of 

mixed benthic foraminifera wackestone-packstone (Lf4), Lockhartia-Miscellanea 

wackestone-packstone (Lf5) and algal-foraminifera wackestone-packstone (Lf6). The 

type C cycle is consisting of Lockhartia-Miscellanea wackestone-packstone (Lf5), alga-

foraminifera wackestone-packstone (Lf6) and milliolid-bearing mudstone (Lf7). Lastly, 

the type D cycle has vertical succession of Discocyclina- Ranikothalia wackestone (Lf3) 
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and mixed benthic foraminifera wackestone-packstone (Lf4). The vertical stacking nature 

of these lithofacies is grouped into nine, meter-scale cycles. 

The formation is dominated by the allochemical contents of larger benthic 

foraminifera (LBF). The species of LBF have been examined under a microscope in this 

study. The recognized index fossils are M. juliettae, Miscellanea miscella, Ranikothalia 

sindensis, R sahnii, Discocyclina ranikotensis, Lockhartia haimei, L. tippri, and L. 

conditi. In the current study, the recognizable index fossils are grouped together in a 

biozone (LLF1). This biozone (LLF1) is compared with the standard biozonation 

schemes of the Serra Kiel et al., (1998), suggest the Thanatian (SBZ3, SBZ4) age of the 

Formation. The Lockhart Limestone hold one-third of the total time span of the HLP 

cycle. The age of the formation ranges from 58Ma to 56.5Ma (Figure 5.6). Hence, the 

total time duration of the Lockhart Limestone is 1.5Ma.  

The Lockhart Limestone alongside with the upper part underlying Hangu 

Formation and lower part of overlying Patala Formation proposes deposition in one 

cycle, HLP cycle. The HLP cycle has lower and upper boundary. The age of the lower 

SBZ 2/ Selandian boundary is 60Ma, however, the upper SBZ 4/upper Thanatian 

boundary is 55.5Ma. The biostratigraphic investigation suggests that the estimated time 

period of the HLP cycle is 4.5Ma. Additionally, two 3
rd

 order cycles are present in the 

HLP cycle, these cycles include Transgressive-Regressive cycles (TR1-TR2). The TR-1 

cycle comprises of the upper part of the Hangu Formation and the lower-middle part of 

the Lockhart Limestone while the TR-2 cycle consists of the upper part of Lockhart 

Limestone and the lower to the middle part of overlying Patala Formation. The Lockhart 

Limestone developed the central part of the HLP cycle. Nine 4
th

 to 5
th

 order cycles are 
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present within the formation. Furthermore, PMC cycle of (Ullah, 2017) consists of upper 

part of Patala Formation, Margala Hill Limestone and Chorgali Formation. So, it is 

cleared that Paleogene units starting form Hangu Formation and caped by Chorgali 

Formation reflect deposition in one large scale 2
nd

 order cycle and it can termed as 

Paleocene-Eocene cycle (PE cycle). 
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