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1 Introduction 
 
Mixed carbonate-siliciclastic successions are 
widespread throughout Earth's history and have diverse 
depositional settings (Chu et al., 2016; Bassant et al., 
2017; Li et al., 2023). Studying these successions sheds 
light on environmental controls of their formation, their 
response to influxes of land-derived sediment (Coffey and 
Read, 2007; Caracciolo et al., 2013; Bassant et al., 2017) 
and by holding important clues for deciphering past sea 
levels, unraveling depositional histories, and tracing the 
evolution of facies trends. In addition, the Permian strata 
also hold value for hydrocarbon exploration and 
geotechnical studies (McNeill et al., 2004; Kleipool et al., 
2015; Hussain et al., 2024) and are extensively studied 
worldwide due to their association with extreme 
environmental conditions that preceded the Permianï
Triassic mass extinction (Fraiser and Bottjer, 2007; 
Tavakoli et al., 2018). 

Late Permian deposits around the Neo-Tethys opening 
record environmental changes from Gondwanaôs breakup 
(Muttoni et al., 2009) into continents during the Jurassic 
and Cretaceous, with major rifting and flood basalts 
(Chatterjee et al., 2013; Thompson et al., 2019). West 
Gondwana (South America/Africa) separated from East 
Gondwana (Madagascar, India, Antarctica, Australia) 
around 140 Ma (Mueller and Jokat, 2019; Thompson et 
al., 2019; Gatti et al., 2021), and Northern Gondwanaland 
(western Indian Plate, Arabian Peninsula) underwent long 
Paleozoic glaciation (Eyles et al., 1993; Abbasi et al., 
2011). Post-glaciation, rifting along the Indian Plateôs 
northern margin opened the Neo-Tethys and formed a 
carbonate platform in NW Pakistan (Baud et al., 1996; 
Mertmann, 2003; Wadood et al., 2021), preserving Late 
Permian records (Mertmann, 2003). Basaltic rocks from 
Permian rifting are widespread in the Himalayas, Oman, 
and Tibet (Sajid et al., 2018), and similar carbonate 
platforms exist in Turkey, Europe, and Japan (Payne et al., 
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2007; Li et al., 2019). 
The Permian strata of Pakistan, particularly those found 
in the Salt Range and Trans-Indus ranges (Fig. 1), 
represent Tethyan carbonateïsiliciclastic successions. 
These ranges of Pakistan represent low latitude 
CarboniferousïPermian successions, when compared with 
the age-equivalent and palaeogeographically nearby 
Gondwanan successions (especially from the Arabian 
Plate; Jan and Stephenson, 2011; Jan et al., 2017). These 
ranges are archive for carbonate-siliciclastic successions, 
for instance Zaluch Group which share sedimentological 
and paleontological similarities with equivalent deposits in 
Arabia, Turkey, and Iran (Stephenson et al., 2013; Ahmad 
et al., 2015; Jafarian et al., 2018). The Zaluch Group 
comprises Amb (deltaic deposits), Wargal (shallow 
marine), and Chhidru (marginal marine) formations 
(Kazmi and Abbasi, 2008). The Chhidru Formation in the 
Salt Range, which was part of the Indian Plate on the 
Gondwana supercontinent during the Late Permian 
(Abbasi et al., 2011), provides valuable insight into 
depositional changes, and climatic conditions, resulting 
from the opening of the Neo-Tethys. 
Previous research on the Chhidru Formation has 
established its stratigraphic framework (Nakazawa and 
Dickins, 1985) and the evolution of the Permian carbonate 
platform (Mertmann, 2003). Various aspects of the 
paleogeography, sedimentology, and biostratigraphy of the 
Late Permian rock unit (Chhidru Formation) was 
evaluated by many research studies (e.g., Pakistani 
Japanese Research Group, 1985; Mertman, 2003; Shah, 
2009; Waterhouse, 2010; Schneebeli-Hermann et al., 
2012; Rahman et al., 2022). Abbasi et al. (2011) compared 
the Chhidru Formation to formations in Oman, providing 
insight into regional tectonics. The depositional models of 
the Chhidru Formation put forward, indicated the 
deposition of the Chhidru Formation occurred on a 
shallow marine shelf (Ahmad et al., 2012, Ahmad et al., 
2015) and recorded two 3rd order Transgressiveï
Regressive depositional sequences (Ahmad et al., 2015). 
Similar works of Ali et al. (2021), and Wadood et al. 
(2021) on paleogeographic conditions and depositional 
modelling of the Chhidru Formation interpreted the 
deposition of the Chhidru Formation in middle to inner 
shelf area of the shallow marine environment and 
suggested extremely arid and cold climate during its 
deposition. Recent research by Zahir et al. (2021) and 
Hussain et al. (2023) explored the potential of the Chhidru 
Formation as a reservoir and source of construction 
aggregates, respectively.  
Despite numerous studies on the Chhidru Formation, 
various stratigraphic insights on this Late Permian 
succession are far from complete. Therefore, 
understanding the Late Permian siliciclasticïcarbonate 
shelf and shedding light on its successions of the Salt 
Range, Pakistan is critical to unravelling the 
paleoenvironmental conditions, depositional history, and 
facies evolution. This paper endeavours to understand how 
faciesô variation can be a viable tool to constrain sea-level 
changes, paleoenvironmental conditions of deposition, and 
stratigraphic analogues of such succession across Permian 
strata of the adjacent basins, by employing detailed facies 

analysis to characterize the formation's depositional and 
lithological variations, manifested as distinct 
lithostratigraphic units and facies types. This paper also 
attempts to correlate lithological analogues and 
correlations between the Late Permian rock unit of the Salt 
Range (Fig. 1) and the other lithological units situated 
around the Persian Gulf and Arabian platform during the 
opening of the Neo-Tethys Ocean.  

 
2 Geological Setting 

 
During the Permian, the Gondwana hosted a 

sedimentary platform opposite the Indian Shield 
(Nakazawa and Dickins, 1985). Throughout the early 
Permian to the late Triassic, thick accumulations of 
sediment, mainly comprising carbonate platform deposits, 
covered the northern passive continental margin of 
Gondwana (Ahsan and Chaudhry, 2008; Kordi, 2019). 
Rifting along the northern margins led to the formation of 
the Cimmerian microcontinent and back-arc basins of 
Paleo-Tethys, followed by the opening of Neo-Tethys 
(Patriat and Achache, 1984; Van der Voo et al., 1999; 
Ahsan and Chaudhry, 2008). The Neo-Tethyan rift zone 
bordered the mixed siliciclasticïcarbonate shelf of the 
Indian subcontinent to the northeast. In the Late Permian, 
rifting created space for warm waters, leading to carbonate 
deposition at the southern edges of the Indian and Arabian 
plates (Angiolini et al., 2003). This rifting also caused the 
northward drift of the Indian Plate away from the Arabian 
plate (Metcalfe, 2006). The Permian marks the last stage 
of Pangea before its breakup about 250 million years ago 
into Laurasia and Gondwanaland (Torsvik et al., 2010). 
During the Late Permian and Early Triassic, the Salt 
Range formed part of the southern Tethyan shelf of the 
Indian subcontinent (Mertmann, 2003).  
In Pakistan, Middle to Late Permian sedimentary 

successions represent deposition at the northwestern 
Indian margin of the northern Gondwana shelf (Hermann 
et al., 2012). The Salt Range lies at the southern margin of 
the Potwar Plateau, constituting the southernmost part of 
the western Himalayan Ranges (Fig. 1). Sedimentary 
rocks form a significant portion of the Potwar basin in 
Pakistan (Hussain et al., 2021; Aziz et al., 2022; Wazir et 
al., 2023), where the Salt Range, known for its excellent 
stratigraphic exposures and tectonic features, is considered 
a geological museum due to its rich and dynamic 
geological history. It extends as an east-west longitudinal 
stratigraphic trough, with the Indus River marking its 
western periphery (Fig. 1). The Salt Range is typified by 
compressional, transform, and extensional deformation 
types that are manifested by thrusting and the uplift of the 
locally called Salt Range Thrust (SRT), the Kala Bagh 
sinistral and Jhelum dextral strike-slip faulting, and the 
southern parts of the Salt Range, respectively (Hussain et 
al., 2021, 2025; Aziz et al., 2022). As a result of the 
deformations, the Salt Range exposes a succession from 
Precambrian to Recent conglomerate deposits with 
missing a complete Mesozoic succession (Kazmi and 
Abbasi, 2008; Hussain et al., 2025).  
The Permian system within the Salt Range is 

characterized by siliciclastic rocks of the Nilawahan 
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Fig. 1. A geological map illustrating (a) tectonic framework of Pakistan (after Kazmi and Jan, 1997), a yellow inset shows loca-

tion of study area; (b) Salt Range area and the studied section of the Nammal Gorge (modified after Yeats and Hussain, 1987). 
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Group and sequences dominated by carbonate, coupled 
with siliciclastic deposits of the Zaluch Group (Fig. 2). 
The establishment of a carbonate platform during the 
Middle to Late Permian period is attributed to the 
deposition of the Zaluch Group in the Salt and Trans-
Indus ranges (Shah, 2009). These ranges exhibit well-
exposed Permian and Early Triassic sequences in the form 
of transecting gorges such as Khewra, Nilawahan, 
Warchha, Nammal, and Chichali. Among these, the 
Permian strata exposed in the Nammal Gorge (Fig. 2) have 
been subject to investigation. Additionally, the Permian 
strata can be correlated across adjacent basins in North 
and Central Iran, the Persian Gulf, Qatar offshore, and 
Saudi Arabia, where the Late Permian strata of the 
Lopingian epoch demonstrate significant depositional 
similarities and age congruence, albeit with potential basin 
configuration variations.  
The Nammal Gorge section, located in the western Salt 
Range (Warcha GorgeïKalabagh) (Fig. 1), exposes 
sedimentary successions ranging from the Permian to the 
Eocene (Fig. 2). The Upper Permian Zaluch Group, 
comprising the Amb Formation, Wargal Limestone, and 
Chhidru Formation, is prominently outcropped in the 
Western Salt Range. This group is characterized by 
fossiliferous shallow shelf carbonate deposits as well as 
mixed siliciclastic carbonate deposits. The Amb 
Formation signifies the deposition of mixed siliciclasticï
carbonate sequences, followed by the marine limestone of 
the Wargal Limestone, which, in turn, is overlain by the 
siliciclastic-dominated, fossiliferous Chhidru Formation 
(Mertmann, 2003). The Chhidru Formation forms a 
transitional and conformable contact with the Wargal 
Limestone, while its upper contact is not visible due to a 
paraconformity at the (PïT) boundary which is marked by 
the upper contact of the Mianwali Formation (Fig. 4). In 
other words, the PT Boundary in the study area is 

demarcated between the Chhidru Formation of the Zaluch 
Group and the overlying Mianwali Formation of the Musa 
Khel Group (Fig. 2), exhibiting a para-conformable 
contact.  

 
3 Materials and Methods 

 
A detailed facies analysis was undertaken on a 67-m 

thick section of the Chhidru Formation exposed in the 
Nammal Gorge, Western Salt Range (Fig. 3). During 
geological fieldwork, the stratigraphic section was 
measured, paleontological and sedimentological features 
like bedding characteristics were documented, and around 
41 representative rock samples were collected from key 
horizons within the mixed siliciclastic-carbonate 
succession systematically using conventional methods. 
The surface sampling was based on lithological variations, 
across-bed orientation and bedding characteristics from 
bottom to top, among which 40 samples were thin-
sectioned for in-depth micro-paleontological 
investigations, and petrographic analysis. The analysis 
focused on limestone and sandy limestone intervals of the 
Chhidru Formation. Here, a terminology distinction was 
applied: "microfacies" is used primarily for limestone 
beds, while "lithofacies" refers to sandy limestone and 
sandstone facies. This distinction reflects the difference 
between carbonate-dominated and clastic-dominated rock 
types. Back in the lab, each facies were analyzed for the 
abundance of fossils, allochems, cement content, and 
matrix content using point counting methods. Visual 
comparison charts from Scholle and Ulmer-Scholle (2003) 
were utilized to estimate the allochem-to-matrix ratio 
under the polarizing microscope of Leica DM750 P. 
Analyses were done at the Department of Earth and 
Environmental Sciences, Bahria University, Pakistan, and 
the Department of Earth Sciences, University of Oxford, 

    
 

Fig. 2. Generalized exposed stratigraphic succession from the Paleozoic to the Eocene in the Nammal Gorge, Western Salt 

Range, Pakistan. 



 
Acta Geologica Sinica (English Edition), 2026, 100(1): 33ï53 37  

 

United Kingdom (details listed in Table 1). 
To determine the composition of the various rock types 
within the Chhidru Formation, point counting, a technique 
outlined by Dickinson (1970) was utilized. This involved 
examining 300ï400 points across each thin section to 
identify the grains present. The matrix, primarily 
consisting of lime mud (micrite and mini-micrite), was 
estimated using a combination of visual charts and semi-
quantitative area counting. Next, the identified rock types 
(facies) were classified using established classification 
schemes. Carbonate microfacies were categorized based 
on the Dunham (1962) scheme with modifications by 

Embry and Klovan (1971), while siliciclastic lithofacies 
were classified using the Mount (1985) scheme. Finally, 
the depositional environments were reconstructed where 
these rock types formed. This involved considering the 
sedimentological features observed during fieldwork, 
interpreting the characteristics of the identified facies, and 
drawing comparisons with interpretations from existing 
environmental studies (e.g., Ahmad et al., 2015). This 
multi-pronged approach allowed the reconstruction of the 
paleoenvironments of the Chhidru Formation at the study 
area. 

 

    
 

Fig. 3. Lithostratigraphic section of the Chhidru Formation in the Nammal Gorge study area.  
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Fig. 4. Representative outcrop photographs of the Chhidru Formation at Nammal Gorge. 
(a) The PermianïTriassic (PïT) boundary between the Chhidru Formation and the overlying Mianwali Formation; (b) cemented dolomite and limestone bed; 

(c) productus sp. brachiopod fossils; (d) and (e) ammonites shells indicated by arrowheads, displaying burrowing and iron rusting effects; (f) layers depicting 

a limestone top bed, sandy limestone bottom bed, and a middle bed of shale with intercalated silt; and (g) thin to very thin bed of black carbonaceous 

shale; (h, i) iron leaching in the limestone beds. 


