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Summary 

The Chorgali Formation is an early Eocene carbonate-dominated strata that occurs in the 

Potwar and Hazara sub-basins of the Upper Indus Basin, Pakistan. The formation conformably 

overlies on early Eocene Sakesar Formation in southern Potwar sub-basin and Margala Hill 

Limestone in the northern Potwar sub-basin and Hazara sub-basin. The Chorgali Formation is 

either covered by Rawalpindi Group in the southern Potwar sub-basin (Himalayan molasse 

deposits) or mixed clastic-carbonate succession of marine to continental deposits of the middle 

Eocene Kuldana Formation. This study intends to explore the spatial and temporal evolution of 

the Chorgali Formation as preserved in the Hazara and Potwar sub-basins, and analyze it within 

the regional tectono-eustatic context. Six sections in the Potwar sub-basin and two sections in 

the Hazara sub-basin were studied; they give an average thickness of 36 m.  

Nine lithofacies (LF1-LF9) are recognized from the studied sections of the Chorgali 

Formation. These lithofacies include Calcareous Sandstone (LF1), Intraclastic Dolomitic 

Packstone (LF2), Algal-miliolid Mudstone (LF3), Coralline Algae Mudstone (LF4), Assilina-

Nummulites Floatstone (LF5), Mixed Benthic-Planktonic Foraminifera Wackestone (LF6), Benthic 

Foraminifera Rudstone (LF7), Shale Lithofacies (LF8), and Planktonic Mudstone (LF9). The 

sedimentary features and fossil associations of the formation suggest that deposition of the 

Chorgali Formation took place in a homoclinal carbonate ramp characterized by low to moderate 

energy hydrodynamic conditions. The LF1 to LF5 represent inner ramp, whereas the LF6 to LF9 

represent mid-ramp accumulations. 

The vertical arrangement of the various lithofacies of the formation suggests that the 

depositional environment became shallower during the latest stage of deposition. This is 

supported by the topmost beds that consist of upper intertidal to supratidal deposits of LF1 and 



GeoConvention 2022 2 

LF2, as well occurrence of pedogenic and evaporitic lithologies in other localities of the Potwar 

sub-basin. Besides these supratidal to continental deposits, the Kuldana Formation that 

conformably succeeds the Chorgali Formation contains marginal marine mixed clastic-carbonate 

layers and continental deposits with freshwater vertebrate fossils (e.g., crocodilia). Larger benthic 

foraminifera (LBF) in the Chorgali Formation indicate Late Ilerdian to Lower Cuisian (53-51.5) age 

for the formation. This age occurs within the time range of the diachronous (east to west) collision 

between the Indian and Eurasian plates. Thus, it can be envisaged that the demise of the Chorgali 

carbonate platform resulted in from regional uplifting instigated by the collision. The relative sea 

level drop may be further enhanced by eustatic sea level fall in mid-Ypresian which coincides the 

Chorgali-Kuldana contact. 

Introduction 

The Chorgali Formation is a hydrocarbon-producing strata that occurs in the Potwar and 

Hazara sub-basins of the Upper Indus Basin, northern. Pakistan (Fig. 1). The formation is either 

covered unconformably by younger continental deposits of Miocene strata known as Himalayan 

molasse deposits or middle Eocene mixed clastic-carbonate deposits of Kuldana Formation (Fig. 

2). The stratigraphic position and age of the formation indicate that it evolved in a time in which 

the eastern Neo-Tethys Ocean was getting more restricted as the Indo-Pakistan Plate moved 

northward and got closer to collide with the Eurasian Plate.  

Several authors worked on the Chorgali Formation at the Hazara and Potwar sub-basins; 

however their work were either aimed as generalized regional mapping or confined locally (Latif, 

1970; Mujtaba, 2001; Ahsan, 2008; Sameeni et al., 2013; Ghazi et al., 2014, 2015; Jamal et al., 

2015; Khan et al., 2017; Awais et al., 2020, among others). Present study focuses on the 

sedimentology and biostratigraphy of the Chorgali Formation in the Potwar and Hazara sub-

basins (Fig. 1) and further discusses the significance of the vertical stacking nature of the various 

lithofacies of the formation for the closure of the eastern Neo-Tethys Ocean. Eight sections (Fig. 

1) from the two sub-basins were studied in the field (logging, sampling and describing) and in the

lab (microfacies analysis and identification of biostratigraphically useful fossils). 
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Figure 1: Map of the study area illustrating the localities of all studied sections in the study areas 

(modified from Kazmi and Rana, 1982; Jamal et al., 2015).  
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Figure 2: The stratigraphic chart of the study area. The chart shows the Cenozoic stratigraphy of 

the Potwar and Hazara sub-basins (modified from Ghazi et al., 2015; Shah, 1977; Bender and 

Raza, 1995). 

 

Lithofacies properties and depositional environment of the Chorgali Fm. 

 Nine lithofacies (LF1-LF9) are recognized from the studied sections of the Chorgali 

Formation. These lithofacies, their field and petrographic properties, fossil content and 

hydrodynamic conditions at the depositional site are summarized in Table 1. Petrographic and 

outcrop slides of the prominent lithofacies units are shown in (Fig. 3). The sedimentary properties 

and lithofacies associations of the formation suggest that deposition of the Chorgali Formation 

took place in a homoclinal carbonate ramp characterized by low to moderate energy levels. The 

recognized lithofacies can be categorized into two lithofacies associations. The LF1 to LF5 

lithofacies association represent inner ramp depositional setting, whereas, LF6 to LF9 association 

suggest mid-ramp accumulations (Fig. 4). The vertical arrangement of the various lithofacies of 

the Chorgali Formation indicate that relative sea level was getting shallower during deposition of 

the formation. 
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Table 1: Reconized lithofacies units in the Chorgali Formation along with field, petrographic and 

hydrodynamic properties at the depositional site are as under; 

Lithofacies (LF) type Field properties Petrographic properties Fossils Hydrodynamic 

properties 

Calcareous 

Sandstone (LF1) 

Grey color, medium to 

thick-bedded,  
Calcareous Sandstone 

Fine-grained (<100m) quartz 

framework grains with carbonate 

mud matrix 

fossil fragment, 

 

Low to medium energy, 

intertidal to supratidal 

Intraclastic Dolomitic 

Packstone (LF2) 

Grey color, thin to 

thickly bedded, 

desiccation cracks, 

intraclasts (flat pebble 

breccia) 

Muddy intraclasts, very fine 

crystalline dolomite, grains are 

locally dolomitized. and calcite veins 

Rare fossil 

fragments 

Low to medium energy, 

intertidal to supratidal  

Algal-miliolid 

Mudstone (LF3) 

Grey color, lack of 

fossils, thin to thickly 

bedded 

Matrix-supported, bivalves, calcite 

veins, and Lockhartia 

Nummulites, 

Assilina, Alveolina, 

algae, miliolid, 

ostracods and 

Thalassinoides 

Low energy, 

subtidal 

Coralline Algae 

Mudstone (LF4)  

Off white color, medium 

to thickly bedded 

Matrix-supported, skeletal 

fragments, miliolid, ostracods and 

Nummulites 

Coralline algae, 

Lockhartia, 

Nummulites, and 

Discocylina 

Low energy, 

subtidal 

Assilina-Nummulites 
Floatstone (LF5) 

Off white color, medium 

to thickly bedded, and 

Larger benthic-

foraminifera. 

Matrix-supported, bivalve, 

Gastropods, algae, and 

Nummulites, and Lockhartia 

Assilina, 

Nummulites, and 

Thalassinoides 

Moderate  energy, 

subtidal 

Benthic Foraminifera 

Rudstone (LF6) 

Off white color, medium 

to thinly bedded, 

Grains-supported, Assilina, 

Nummulites, and Lockhartia 

Assilina, 

Nummulites, and 

Lockhartia 

Moderate to high energy, 

subtidal 

Mixed-benthic 

planktonic 

foraminifera 

Wackestone (LF7) 

Off white color, 

weathers to grey, 

medium to thickly 

bedded 

Matrix-supported, algae and 

presence of planktons 

Assilina, 

Nummulites, and 

ostracods,  

 

Low to slightly agitated 

energy , subtidal 

Shale (LF8) Dark brown, thin to 

thickly bedded. 

Fissile layers 

 

No fossils were 

seen. 

Low energy, 

subtidal 

Planktonic Mudstone 

(LF9) 

Off white, weathers to 

grey, medium to thickly 

bedded mudstone 

Planktonic organisms, with some 

benthic forams 

Planktons, 

Lockhartia, and 

Nummulites 

Low energy, 

subtidal 
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Figure 3: Field and photomicrographs of various lithofacies at Chorgali Pass Section (Loc. 5). 

Outcrop photograph in "a" shows the Chorgali-Kuldana contact. Photomicrograph "b" illustrates 

the Calcareous Sandstone Lithofacies (LF1), characterized by fine-grained quartz and carbonate 

grains with micritic matrix. Whereas, the photomicrograph "c" indicates the Intraclastic Dolomitic 

Wacke to Packstone Lithofacies (LF2), contains miliolid (Mi), fenestral fabrics (f) and light grey 

fine crystalline dolomite (fd).  
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Figure 4: Depositional model of the Chorgali Formation. 

 

 

 

Biostratigraphy of the Chorgali Formation 

 The recognized Larger Benthic Foraminifera (LBF) in the Chorgali Formation contains 

species of Assilina (A) spinosa, A. sub-spinosa, A. laminosa, A. granulosa, A. placentula, 

Nummulites (N) atacicus, N. globulus, N. mamillatus, Lockhartia conditi, L. tipperi and Alveolina 

indicatrix (Fig. 5). These LBFs suggest late Paleocene to middle Eocene Epoch. Based on these 

LBFs and formation’s stratigraphic position (i.e., between middle Ilerdian Sakesar Formation/ 

Margala Hill Limestone, and upper Cuisian Kuldana Formation), the Chorgali Formation can be 

regarded as late Ilerdian to lower Cuisian (53 - 51.5 Ma) in age. 
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Figure 5: Photomicrographs of several species of Larger Benthic Foraminifera in the study area. 

Photomicrograph of "a" shows Assilina spinosa, "b" Lockhartia conditi, "c" Nummulites globulus 

and "d" illustrates Nummulites atacicus species.  

  

Implications for the closure of the Upper Indus Basin  

 The formation’s stratigraphic position and age of the Chorgali Formation indicate that it 

evolved in a time in which the eastern Neo-Tethys Ocean was getting more restricted as the Indo-

Pakistan Plate moved northward. The previous work documented that collision event was 

diachronous (~ 55 Ma to 41 Ma) (Scotese et al., 1988; Yoshida et al., 2018).  Thus, deposition of 

the Chorgali Formation took place at the stage of the initial collision, basin closure and withdrawal 

of the marine conditions. Sedimentologic properties that indicate signatures of basin closure are 
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present in the upper part of the formation. These include 1-Sandy mudstone facies at the 

uppermost part of the formation; 2- Localized dolomitization in the uppermost part of the 

formation. Oxygen and carbon isotope data from these dolomites suggested a mixed marine-

meteoric water origin for the dolomite, 3-Localized pedogenic sediments and karstification 

features at the top of the Chorgali Formation (Benchilla et al., 2002), 4) The clastic-dominated, 

shallow marine to continental deposits of the Kuldana Formation (Cooper et al., 2009) that 

succeed the shallow marine carbonates of the Chorgali Formation. No marine carbonates occur 

above the Kuldana Formation in the study area. The post-Eocene strata of the region consist of 

the continental deposits of the Himalayan molasse of the Rawalpindi and Siwaliks groups (Khan 

and Hersi, 2021). 

 

Conclusions 

 The field observations and petrographic study of samples collected from the Chorgali 

Formation allowed the identification of nine lithofacies units (LF1-LF9). The LF1 to LF5 represent 

inner ramp whereas, LF6 to LF9 represent mid ramp accumulations. The sedimentary texture, 

sedimentary structures, and fossils associations of the study formation suggest that deposition of 

the formation took place in a homoclinal carbonate ramp characterized by low to moderate energy 

hydrodynamic conditions. This sedimentary features such as, desiccation cracks, fenestral 

fabrics, intraclasts and in-situ brecciation in the upper most part of the formation suggest upper 

intertidal to supratidal environment. Several LBFs that are deemed to be useful for age 

determination. Such index fossils indicate late Paleocene to middle Eocene age. The formation’s 

stratigraphic position and age of these index fossils (i.e., between middle Ilerdian Sakesar 

Formation/ Margala Hill Limestone, and upper Cuisian Kuldana Formation), the Chorgali 

Formation can be regarded as late Ilerdian to lower Cuisian (53 - 51.5 Ma) in age.  The 

sedimentologic properties that indicate signatures of basin closure are present in the upper part 

of the Chorgali Formation. The exposure and the shallowing nature of the study formation, the 

nature of Chorgali-Kuldana contact, continental deposits of the Kuldana Formation, stratigraphic 

evidences from nearby regions, and potential peripheral bulge uplifting further highlight the 

closure of the Upper Indus Basin. The post-Eocene strata of the region are represented by the 

continental deposits of the Himalayan molasse.  
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