
                                                              19 

 

 

            

 

      

 

                

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                              20 

3.1 Stratigraphy of the area 

 

The research area lies in Central Indus Basin of Pakistan (Table 2.1). A complete 

stratigraphic correlation is done from the wells in east which are drilled in Paleozoic 

rocks (Darbula-01, Sarai Sidhu-01 and Bahawalpur East-01). The wells in western 

part of the area are drilled in Mesozoic rocks. They also indicate the presence of Late 

Oligocene – Early Miocene sediments. The subsurface extend of these sediments is 

further studied in Time and Depth sections. 

 

3.2 Precambrian  

 

Salt Range Formation with salt, marl, salt seams and dolomite forms the basement for 

the fossiliferous Cambrian sequence of the Salt Range. It represents an evaporate 

sequence similar to the Hormuz Salt Formation of Iran. Although its exposures are 

restricted to the Salt Range, deep drill holes have confirmed its presence to the north 

and south of the exposures. It has three members; 

Sahwal, Marl Member  

Bright, red marl beds with irregular gypsum, dolomite beds and Khewra Trap (3-100 

m). Also it has dull red marl beds with some salt seems and 10 m thick gypsum bed 

on top (more than 40 m). 

Bhandar Kas Gypsum Member 

Massive gypsum with minor beds of dolomite and clay (more than 80 m) 

Billianwala Salt Member 

Ferruginous red marl with thick seams of salt (more than 650 m) 

Its exposure is along the southern flank of the Salt Range, from Kussak in the east to 

Kalabagh in the west. In the subsurface, the rock unit is encountered as far south as 

Karampur in the Punjab Plains. Its contact with the overlying Khewra Sandstone is 

normal and conformable. Its age is assigned an Early Cambrian to Late Precambrian 

age (Shah, 1977). 
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Table 2.1: Stratigraphy of Central Indus Basin (after Kadri, 1995). 
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3.3 Paleozoic 

 

Rocks of Cambrian and Permian age are present in the Central Indus Basin. Cambrian 

rocks were essentially deposited in the shallow water except for the lower most and 

uppermost formation which represent transgressive and regressive facies respectively. 

 

Cambrian 

The Cambrian Formations are as follows: 

 

Khewra Sandstone 

The formation consists predominantly of purple to brown, yellowish brown, fine 

grained sandstone. The lower most part of the formation is red, flaggy shale. 

Sedimentary features like ripple marks and mud cracks are common in the formation. 

The age is Early Cambrian. 

Kussak Formation 

The formation is composed of greenish grey, glauconitic, micaceous sandstone, 

greenish grey siltstone, interbedded with light grey dolomite and some oolitic, 

arenaceous dolomite. Numerous layers of intraformational conglomerate are present. 

Pink gypsum lenses are present near the top. The age is Early Middle Cambrian. 

Jutana Formation 

The formation consists of light green, hard, massive, partly sandy dolomite and the 

upper part is composed of light green to dirty white massive dolomite. Upper and 

lower contact with Baghanwala Formation and Kussak Formation respectively is 

conformable. The age is late Early Cambrian to early Middle Cambrian. 

Baghanwala Formation 

The formation is composed of red shale and clay, alternating with flaggy sandstone. 

Ripple marks and mud cracks are common in the formation. Numerous 

Pseudomorphic casts of salt crystals which are found along the bedding planes are 

diagnostic feature of this formation. They indicate the lagoonal environment and arid 

conditions for the deposition of the formation. The formation is encountered in the 

subsurface at Karampur. Its contact with the overlying Tobra Formation is 

unconformable. The age is early Middle Cambrian. 
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Permian 

 

Permian rocks of the Axial Belt are exposed as isolated outcops in the core of 

anticlines. These exposures have been described from Wulgai, Ghazaband and Kalat 

areas of Baluchistan. Permian rocks are sedimentary with lithologies of shale, 

sandstone and limestone. These are divided into two groups: 

Nilawahan Group 

It consists of following formations: 

Sardhai Formation 

Warcha Formation 

Dandot Formation 

Tobra Formation 

The Nilawahan Group represents a dominantly continental deposit consisting of 

arenaceous and argillaceous sediments with marine intertonging in the upper part 

which passes conformably into the overlying marine Zaluch Group. The lower most 

beds of the Permian rocks rests disconformably on Cambrian rocks while the upper 

part is separated from the Triassic rocks paraconformably. 

Tobra Formation 

This formation depicts a very mixed lithology in which the following three facies are 

recognized: 

1. Tillitic facies exposed in the eastern Salt Range. This rock unit grades into 

marine sandstone containing Eurydesma and Conularia fauna. 

2. Freshwater facies with few or no boulders. It is an alternating facies of 

siltstone and shale containing spore flora. 

3. A complex facies of diamictite, sandstone and boulder bed.  

Lower contact with the Cambrian rocks is disconformable. The age is Early Permian. 

Dandot Formation 

The lithology consists of light grey to olive green yellowish sandstone with the 

occasional thin pebbly beds and subordinate dark grey and greenish splintery shales. 

It has agradational contact with the underlying Tobra Formation and it is terminated 

in sharp but conformable contact with the overlying Warcha Sandstone. The age is 

Early Permian. 
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Warcha Sandstone 

The formation consists of medium to coarse grained sandstone, conglomeratic in 

places and interbeds of shale. The sandstone is cross bedded and arkosic. The pebbles 

of the unit are mostly of granite of pink colour and of quartzite. It conformably 

overlies the Dandot Formation. It is overlain by the Sardhai Formation with the 

transitional contact. The age is Early Permian. 

Zaluch Group 

It consists of following formations: 

Chhidru Formation 

Wargal Formation 

Amb Formation 

Amb Formation 

This formation consists of sandstone, limestone and shale. The sandstone beds occupy 

the lower part of formation. Upwards the sequence limestone with some shale 

appears. The upper contact with Wargal Limestone is conformable. 

Wargal Formation 

The lithology comprises dolomite of light to medium grey, brownish grey and olive 

grey colors. The upper contact with the Chhidru Formation is transitional. The age is 

Late Permian. 

 Chhidru Formation 

The formation at the base has a shale unit. Overlying this unit are the beds of 

calcareous sandstone with few sandy limestone. The top most part of this formation is 

a white sandstone bed with oscillation ripple marks. The age is Late Permian (Shah, 

1977). 

 

3.4 Mesozoic 

 

Rocks of the Mesozoic Era are widely distributed in Pakistan. They depict a great 

variation in lithology and thickness in different parts of the country. Some important 

mineral deposits (barite, fireclay, low grade iron ores, phosphatic showings and 

others) and producing or potential oil and gas horizons are present within the rocks of 

Cretaceous and Jurassic Systems. 
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The Mesozoic rocks of the Lower Indus Basin are several thousand meters thick and 

are widely exposed in the Lower Indus Basin (Sulaiman-Kirthat province) and in the 

Axial Belt.  

 

Triassic 

 

Rocks of Triassic System are represented by Mianwali Formation, Tredian Formation, 

Chak Jabbi Limestone and Kingriali Formation in the Kohat Potwar Province and by 

the Wulgai formation in the Axial Belt. In the Axial Belt the Triassic System is 

represented by shale with subordinate limestone and sandstone of the Wulgai 

Formation. In the Upper Indus Basin the rocks of Triassic System maily consist of 

limestone, dolomite, sandstone and shale and are divided into three formations  

Permian-Triassic boundary 

This boundary in Salt Range and Trans Indus ranges was placed at the top of the 

dolomite unit of the Kathwai Member of Mianwali Formation. Some placed the 

boundary in the middle of a white sandstone unit which is the highest bed of Chhidru 

Formation. This boundary where exposed is marked by a paraconformity. 

Mianwali Formation 

It has following three members: 

Narmia Member 

Mittiwali Member 

Kathwai Member 

 

Kathwai Member 

It consists of dolomite in the lower part and limestone in the upper part. 

Mittiwali Member 

It consists of grey, fine grained, non glauconitic limestone with abundant ammonites. 

The rest of the unit consists of greyish shale, silty shale with some sandstone and 

limestone beds. 

Narmia Member 

The basal bed is of limestone. The rest of the unit consists of grey to black shale with 

interbeds of sandstone and lenticular limestone or dolomite. The top most bed is 

limestone. 

The age of the Mianwali Formation is Early Triassic. 
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Tredian Formation 

This formation comprises of two members. The lower one is Landa Member which 

consists of sandstone and shale. The upper one is Khat Kiara Member is a massive, 

thick bedded, white sandstone that grades into the overlying Kingriali Formation. The 

age is of Middle Triassic. 

Kingriali Formation 

It consists of thin to thick bedded, massive, fine to coarse textured light grey brown 

dolomite and dolomitic limestone with interbeds of shale and marl in the upper part. 

The lower contact with Tredian Formation is transitional which is marked by 

interbedding of sandstone and dolomite. The upper contact with the Datta Formation 

is disconformable. The age is Late Triassic. 

 

Jurassic 

 

The Jurassic System is represented by limestone, shale and sandstone with 

subordinate dolomitic and ferruginous beds. The lower part of the Lower Jurassic 

consists of arenaceous and argillaceous sediments of dominantly continental origin 

that grades up in the sequence into marine calcareous and argillaceous rocks. By 

Middle Jurassic, marine conditions were well established in most of the areas and 

mainly carbonate rocks were deposited. The close of the Middle Jurassic is marked by 

regressive facies. The Jurassic in the Axial Belt and Lower Indus Basin is represented 

by a great thickness (several thousand meters) of marine limestone and shale with 

subordinates in the lower part. Marine sedimentation continued during the Early 

Cretaceous and Jurassic-Cretaceous boundary is regarded as transitional. 

Jurassic rocks are widely distributed in the Axial Belt and Sulaiman and Kirthar 

provinces of the Lower Indus Basin. Triassic rocks transitionally underlie Jurassic 

strata. The change in lithology is from a dominant shale of Triassic System to thin 

bedded limestone and intercalated shale of the early part of the Jurassic System. The 

Jurassic formations of the Lower Indus Basin comprises of: 

Mazar Drik Formation 

Chiltan Limestone 

Shirinab Formation 
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Shirinab Formation 

It consists of thin bedded limestone and shale, transitional to the underlying Triassic 

Wulgai Formation. The age is Early Jurassic. 

Chiltan Limestone 

It consists of massive thick bedded limestone. Its upper contact with Mazar Drik 

Formation is transitional. 

Mazar Drik Formation 

It consists of thin bedded limestone and shale. Its upper contact with the Sember 

Formation is disconformable. It is not developed in the Sulaiman range. 

The Jurassic System of the Upper Indus Basin is represented by Datta Formation 

(Early Jurassic), Shinwari Formation (Early to middle Jurassic) having three members 

Anjira Member, Loralai Limestone Menber and Spingwar Member, Samana Suk 

Formation (Middle Jurassic) and the lower part of the Chichali Formation. 

  

Cretaceous 

 

In the adjoining regions of Sulaiman and Kirthar provinces of the Lower Indus Basin 

the Cretaceous rocks are mostly of sedimentary origin and except for local 

disconformities constitute a continuous sequence from Early to Late Cretaceous. The 

overlying Tertiary sediments are transitional in parts of this area while local 

disconformities between the Cretaceous and Tertiary have been recognized. 

The following formations have been recognized in the Sulaiman and Kirthar 

provinces: 

Sember Formation 

Goru Formation 

Parh Limestone 

Mughal Kot Limestone 

Fort Munro Formation 

Pab Sandstone 

Moro Formation 

In the Upper Indus Basin Kawagarh Formation, Lumshiwal Formation and Chichali 

Formation are recognized (Shah, 1977). 
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3.5 Cainozoic 

 

The close of the Mesozoic Era is marked by the period of emergence in parts of 

Pakistan. There is an angular unconformity between Paleocene and the older units in 

parts of the Sulaiman province and Axial Belt. These rocks were deposited in a broad 

sea which gradually narrowed and retreated southward with the passage of time till it 

came to occupy its present position as Arabian Sea.  

 

Tertiary 

Paleocene 

Limestone is the dominant lithology in most parts of the Lower Indus Basin, shale 

dominates in the Axial Belt and Eastern Sualiman Province. 

Ranikot Group has Khadro Formation, Bara Formation (Lower Ranikot sandstone) 

and Lakhra Formation (Upper Ranikot limestone). It overlies Pab Sandstone 

unconformably. It is correlated with Dungan Formation. 

Eocene 

The shale and marl are the major lithology in the Early Eocene times in the Lower 

Indus Basin and adjoining areas of Axial Belt. Ghazij Formation, Laki Formation and 

Kirthar Formation are recognized in this area. Kirthar Formation is divisible into four 

members in parts of the eastern Sulaiman Province as Habib Rahi Limestone 

Member, Sirki Member, Pir koh Member and Drazinda Member. 

Oligocene 

Rocks of Oligocene age are developed in the Lower Indus Basin, Axial Belt and the 

Baluchistan Basin. Nari Formation of the Momani Group is recognized in the Kirthar 

Province, parts of Sulaiman Province and the Axial Belt. Nari Formation consists of 

sandstone, shale and subordinate limestone. It is conformably overlain by the Gaj 

Formation in the Sulaiman and Kirthar provinces. In the eastern part of Sulaiman 

range the contact is unconformable with Siwaliks as Gaj Formation is absent. Its age 

is Oligocene with some upper strata is of Early Miocene age (Shah, 1977). In the 

Sulaiman Range the Oligocene sequence which was previously referred to as Nari 

Formation has now been renamed as the Chitarwata Formation (Kazmi and Jan, 

1997). 
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Miocene-Pliocene 

The rock units recognized in the region of Indus Basin and Calcareous Zone of Axial 

Belt are as follows: 

Gaj Formation 

It consists of shale with subordinate sandstone and limestone. Its lower contact with 

Nari Formatoin is transitional and conformable. The upper contact with Siwalik group 

is also transitional. The age is Early Miocene. 

Rawalpindi Group 

It consists of Murree Formation and Kamlial Formation 

Siwalik group 

It consists of following formations: 

Chinji Formation 

It consists of red clay with subordinate ash grey or brownish grey sandstone. It is only 

confined to the southern half of the eastern Sulaiman Range and is not developed in 

the rest of the Lower Indus Basin. In the Sulaiman Range it disconformably overlies 

the Nari Formation. It is conformably overlain by Nagri Formation. The age is Late 

Miocene. 

Nagri Formation 

It consists of sandstone with subordinate clay and conglomerate. The upper contact 

with Dhok Pathan Formation is transitional. The age is Late Miocene. 

Dhok Pathan Formation 

It consists of cyclic alternations of sandstone and clay beds. Its upper contact with 

Soan Formation is gradational in the Lower Indus Basin. The age is Early to Middle 

Pliocene.  

Soan Formation 

It consists of compact, massive conglomerate with subordinate interbeds of 

varicoloured sandstone, siltstone and/or clay. The upper contact with the Lei 

Conglomerate is marked by an angular unconformity. However, in parts of the Lower 

Indus Basin and Quetta region, the contact has been transitional. The age is Late 

Pliocene to Early Pliestocene.  

Quaternary     

Lei Conglomerate is recognized in the Indus Basin and Quetta region of Axial Belt. 

It is regarded as a valley fill, laid down as fluviatile, lacustrine and piedmont outwash 

deposits in the lower parts of the structural depressions. The formation is composed of 



                                                              30 

coarser boulder and pebble conglomerates with minor coarse and cross bedded 

sandstone. The age is Early Pliestocene (Shah, 1977). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


