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Abstract 

 
The Fluvial molassic sediments of Middle Siwalik which is considered to be deposited 

within the time range from 10.1-5.1 Ma holds a long record of the provenance and 
palaeoenvironmental history of Siwalik foreland basin. A mudstone bed of Dhok Pathan 
Formation exposed near Polian Prohita, Una district, Himachal Pradesh has yielded a diverse 
fossil assemblage. The present assemblage include mollusks Parreysia sp., Lamillidens sp., 
Melanoides sp. and Gyraulus sp. The charophytes include Chara globularis globularis, Chara 
globularis aspera, Chara sp. indet, Lychnothamus breviovatus and Lamprothamnium papulosum. 
Ostracodes Stenocypris sp. and Candona sp. have also been reported here. Fish teeth of certain 
morphotypes belonging to the Channidae and Cyprinidae families were also recorded. The 
majority of the fossil assemblage suggested that a warm tropical to subtropical humid climatic 
condition was prevailing during the deposition of these sediments. As this fossil assemblage is 
found restricted to a particular mudstone bed it can be inferred that there existed a localized 
swampy to overbank pond environment in within the braided river system deposits of Dhok 
Pathan Formation.  
 
Keywords:  Microfossils, Charophytes, Dhok Pathan Formation, Palaeoenvironment. 

 
Introduction 

 
The Siwalik Group is a freshwater molassic deposit of more than ~6000 m thickness, 

deposited in the foredeep basin known as Himalayan Foreland Basin (HFB) formed during the 
rise of the Himalayas, and preserves a long record (~18 to 0.5 Ma) of alluvial sedimentation 
associated with vertebrates, invertebrates and plant fossils (see, Sangode et al., 2001; Nanda, 
1997; Bhatia and Mathur, 1978; Lakhanpal and Guleria, 1987). The fluvial deposits of the 
Middle Siwalik sediments show vertical facies variation having an overall coarsening upward 
sequence of predominant multistoried sandstone complex with subordinate overbank mudstone 
units reflecting a significant event related to the deformation along the Main Central Thrust 
commencing around 10 Ma (Burbank et al., 1996; Meigs et al., 1995; Tandon, 1991). 

 
The Dhok Pathan Formation of Middle Siwalik Group is considered to be deposited during 

the time ranges of 7.9 to 5.1 Ma i.e. Late Miocene to Middle Pliocene age (Sangode et al., 2003; 
Johnson et al., 1982, 1983). Biostratigraphic records indicate a remarkably high biodiversity 
during the Siwalik era and the Plio-Pleistocene transition period also signifies a major faunal  
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change related to climate. Prior to the present work,  certain workers such as, Bhatia and Mathur 

(1971); Tewari and Sharma (1972); Lakhanpal et al. (1976); Bhatia (1982); Liu (1989); Bhatia 
(1996); Kundal et al. (2008) carried out palaeontological studies on Siwalik Charophytes. Bhatia 
and Khosla (1967) recovered ostracod remains for first time from the Tatrot Formation of the 
Upper Siwalik Subgroup exposed near Chandigarh in India and their work is followed by 
workers namely, Mathur (1975, 1998); Raghavan (1990); Bhatia (1996); Bhandari and Kundal 
(2008). Bhatia and Mathur (1973), Mathur (1998); Gurung (1998) described freshwater molluscs 
from Siwalik of India and Nepal. Cyprinid fish teeth were also described from the Karewas of 
Kashmir (Kotlia, 1985) and from the Upper Siwalik subgroup of Jammu and Kashmir near 
Khanpur village (Kundal and Prasad, 2011).  

 
Even though many researchers have done enormous work in different fields of Siwalik 

geology (Ranga Rao, et al. 1988; Johnson, et al., 1985; Kumar and Nanda, 1989; Thomas et al., 
2002; Kumar et al., 2004; Kumaravel et al., 2010), till date a meager amount of work has been 
accomplished in palaeoclimatic and palaeoecological reconstructions (also see, Patnaik, 2003; 
Thomas et al., 2002; Johnson, 1977; Retallack, 1995; Sanyal, et al. 2004; Kumaravel, et al. 
2005, 2009). The present paper describes some of the identifiable fossil remains of charophytes, 
ostracods, mollusc and fish teeth from this area and discussed their palaeoenvironmental 
significance. 
 

Geology and Stratigraphy 
 

Pilgrim (1910, 1913), on the basis of faunal recovery, divided the Siwalik succession into 
three units namely the Lower, Middle and Upper Siwalik Series which are again further divisible 
as Kamlial and Chinji stages for the Lower Siwalik Series; Nagri and Dhok Pathan stages for 
Middle Siwalik Series and the Upper Siwalik series into Tatrot, Pinjore and Boulder 
Conglomerate stages (Pilgrim, 1934). The type sections of Kamlial, Chinji, Nagri, Dhok Pathan, 
and Tatrot Formations of Siwalik Group occur in Pakistan and Pinjore, Boulder Conglomerate 
formations occur in India. However, certain reference sections with similar fossils are also 
known to occur in India, Pakistan and Nepal.  

 
The Middle Siwalik fluvial sediments of Nagri and Dhok Pathan formations is 

characterized by thick multistoried sandstone complex associated with subordinate overbank 
mudstone units (Kumaravel et al., 2005). Within the Dhok Pathan Formation (Middle Siwalik) 
exposed around Polian Prohita (Figs. 1a,b) as many as 31 numbers of cyclic sedimentation are 
recorded (Fig. 1c). Each cycle starts with pebbly to gritty coarse greyish sandstone and ends with 
very fine sand, silt or mudstone. At two locations cycles starting with conglomerate units are also 
recorded. The percentage ratio of gravel: sand: silt or clay is 2.4%: 90.7%: 6.9%. Occurrence of 
granule, cobbles and pebbles as well as primary sedimentary structures like trough cross 
lamination and horizontal lamination, ripple marks and convolute lamination have also been 
observed at number of places. A number of erosional surfaces are observed within the thick 
massive sandstone with calcretisation of Dhok Pathan Formation. This indicates the multi-storied 
nature of the sandstone units, each deposited by the infilling of a river channel, stacked one 
above the other with little or no intervening mudstone. The mudstone units intercalated within 
the sandstone are of variegated nature and narrow in thickness.  
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Fig. 2: Litholog of Dhok Pathan Formation exposed around Polian Prohita-Bharowar area 
(source, Shyam Sundar et al., 2012). 
 

During the field work carried out in District Una, Himachal Pradesh for the execution of 
the Geological Survey of India Field Season Programme item no. STM/NR/PHH/2010/005, a 
mudstone band associated with rich fossil assemblage has been recorded from Polian Prohita 
village near Kamikhya Temple (Fig. 1& 2; Plate-1: fig. A). This bed belongs to the Dhok Pathan 
Formation of Middle Siwalik Subgroup. The mudstone bed is intercalated with gritty to coarse 
grained soft greenish to grayish colour multistoried sandstones and siltstone. However, only a 
particular horizon of mudstone is fossiliferous. A number of poorly preserved fossilized mollusk 
shells were collected from this bed. Maceration of the micropalaeontological samples collected 
from this bed yields a large number of microfossil such as Charophytes, Ostracodes and certain 
fossil fish teeth.  
 

Methodology 
 

The samples collected from Polian Prohita area (~20 kgs) were macerated with water, 
water and acetic acid and water and kerosene depending on the hardness of the samples. The 
disintegrated and loose macerates of the above samples were subjected to wet sieving process in 
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which the macerates were passed through sieves ranging from 40-80 mesh. The residues 
collected from the sieves were made dry at first and then were seen under the binocular 
microscope for picking the fossils. The collected microfossils were studied under the Leica S8 
APO stereo zoom binocular microscope housed at the Department of Geology, Panjab 
University, Chandigarh. The collected specimens carrying specimen numbers Si/pal/001 to 
Si/pal/028 were stored at GSI, Chandigarh. 

 
Systematic Palaeontology 

Class: Bivalvia 
Subclass: Palaeoheterodonta 

Order: Unionoida 
Superfamily: Uninacea 

Family: Uninoidae 
Subfamily: Uninae 

Genus: Parreysia Conrad, 1853 
Parreysia sp.  

(Plate 1: fig. 1) 
 

Material and horizon: - Si/pal/001 and several poorly preserved specimens from dark grey to 
blackish mudstone bed of Dhok Pathan Formation near Kamikhya Temple, Polian Prohita area. 
Remarks: - Medium size, shell convex, subcircular outline, umbo is anterior to the middle, 
inflated with zig-zag ridges, umbonal sculpture extending to the middle of the shell, dorsal 
margin slightly arched, anterior and posterior margins are broadly rounded, anteriodorsal 
angulation is obtuse, posteriodorsal angulation smoothly arched, growth lines are prominent and 
moderately widely spaced; ventral margin is semicircular, umbo bears corrugations. Inner details 
are lacking. The genus Parreysia is a long ranging bivalve mostly found in the Chinji, Dhok 
Pathan, Tatrot and Pinjore formations of Siwalik (Mathur, 1998; Mathur, 1975; Vokes 1935).  
The present specimen resembles the Parreysia sp. indet. of Mathur (1998). Precise specific 
identification of the specimen is not possible due to poor nature of preservation. 
 

Genus:  Lamellidens Simpson, 1900 
Lamellidens sp. indet. 

(Plate. 1; fig. 2) 
 

Material and horizon: - One partially broken specimen (Si/pal/002) and three poorly preserved 
specimens from dark grey to blackish mudstone bed of Dhok Pathan Formation near Kamikhya 
Temple, Polian Prohita area. 
Comments: - Specimen partially broken, large, broadly elliptical to subtrapazoidal, moderately 
compressed, unequilateral and highly inflated; the beak are prominent and placed anteriorly. The 
incompleteness of the specimen makes it difficult to assign it to a particular species. The genus 
Lamellidens has also been described from the Lower, Upper and Middle Siwaliks (Mathur, 1998; 
Mathur, 1975; Bhatia & Mathur, 1973; Vokes, 1935; Prasad, 1927). This long ranging genus is 
particularly found restricted in the geological range of Chinji to Pinjor. 
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Class: Gastropoda 

Subclass:  Pulmonata 
Order: Basommatophora 

Family: Planorbidae 
Subfamily: Planorbinae 

Genus: Gyraulus Agassiz 1837, in Carpentier 1837 
Gyraurus sp. indet 

(Plate 1; fig. 3) 
 

Material and horizon: - Single specimen Si/pal/004 collected and several poorly preserved 
specimens from dark grey to blackish mudstone bed of Dhok Pathan Formation near Kamikhya 
Temple, Polian Prohita area. 
Comments: - Specimen is small in size, discoidal, planispirally coiled, whorls two and half, 
convex, size increasing rapidly with growth, all the whorls are visible from above. The 
incomplete preservation of the specimen makes it difficult to identify up to the species level. The 
present specimen resembles to Gyraulus sp. of Bhatia and Mathur (1971) in which they showed a 
close resemblance of their specimen with G. singularis Mousson. The present specimen is also 
comparable with those of Gyraulus reported by Bhatia (1969) from the Karewa deposits of 
Kashmir. 
 

Order: Mesogastropoda 
Family: Thiaridae 

Genus: Melanoides Oliver, 1807 
Melanoides sp. indet 

(Plate 1; fig. 4)  
 

Material and horizon: - Si/pal/004 and two unnumbered poorly preserved specimens from dark 
grey to blackish mudstone bed of Dhok Pathan Formation near Kamikhya Temple, Polian 
Prohita area. 
Comments: - Shell small, poorly preserved, elongated; apex slightly pointed. Total number of 
whorls may be variable from 5 to 7; whorls are spiral, ornamented with tubules and sculpture 
with stripes, body whorl is large and inflated. The apex shows an acute angle. The aperture 
portion of the specimen is not well preserved. 
Remarks: - The present specimen is similar with the Melanoides tuberculata of Bhatia and 
Mathur (1973) which has been reported from the Pinjore Formation. Mathur (1998) also 
described Melanoides tuberculata from the Dhok Pathan Formation (Middle Siwalik) of 
Daulatpur area. This particular species has an extensive geographical distribution. It has also 
been reported from Pliocene- Pliestocene deposits of the Oriental, Ethiopia and Palaeartic 
regions (Benthem Jutting, 1950; Brown, 1965; Mathur, 1998). However, it is difficult to assign 
the present specimen to a particular species due to poor preservation. 
 

Order: - Charales 
Family: - Characeae 

Subfamily: - Charoideae 
Genus: - Chara Linne, 1753  

Chara globularis globularis Thuillier 
(Plate 1: fig. 5) 
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Materials and Horizon: Si/pal/005 from  dark grey to blackish mudstone bed of Dhok Pathan 
Formation near Kamikhya Temple, Polian Prohita area. 
Comments: Gyrogonites are medium size, prolate spheroidal to subprolate; apical portion 
broadly rounded and the basal portion broadly subtruncated; apical periphery truncated at the 
lateral view; nine to thirteen, thick, convex and wide convolution which are thinner at the apical 
periphery, peripheral groove is visible, moderately high five apical cells forms an apical rosette, 
apical cell meet at a zig-zag line; basal pore is pentagonal to circular and basal plug is as thick as 
wide. 
Remarks: Bhatia and Mathur (1978) described Chara globularis globularis as Chara 
surajpurica. It is synonymous to Chara indica of Tewari and Sharma (1972).  Bhatia (1999) 
revised the species as Chara globularis globularis. This extant cosmopolitan species is frequent 
to abundant in the Dhok Pathan, Tatrot and Pinjor Formation. 
 

Chara globularis aspera (Deth. ex Wild.) Wood 
(Plate 1: fig. 6) 

 
Materials and Horizon: -- Si/pal/006 from  dark grey to blackish mudstone bed of Dhok Pathan 
Formation near Kamikhya Temple, Polian Prohita area. 
Comments: - Gyrogonites is small, prolate to ellipsoidal in shape, apical portion slightly 
protruding and subrounded, apex concave with five opercular cells which joined nearly at a point 
or along a short straight line; ten to twelve flat to concave, moderately thick convolution without 
any ornamentation, basal pore is pentagonal to subcircular without any depression.  
Remarks: - Proctor (1980) considered this subspecies to be the dioecious representative of 
monocoius Chara globularis. Bhatia and Mathur (1978) recorded Chara contraria from the 
Pinjore Formation near Chandigarh and later Bhatia (1999) revised it with additional fossil 
records from the Tatrot Formation near Dhamala village and Pinjor Formation of Nada village 
and Choti Parch village.  The species has also been described from the Quaternary marls of Indo-
Gangetic plain Bhatia and Singh (1989). The present finding extends the geological range of the 
species upto Dhok Pathan Formation. 
 

Chara sp. indet 
(Plate 2: fig. 1) 

 
Materials and Horizon: -- Single specimen Si/pal/007 from dark grey to blackish mudstone bed 
of Dhok Pathan Formation near Kamikhya Temple, Polian Prohita area. 
Comments: - Gyrogonites are small to medium, subovoidal to sub-globular, apical rounded to 
sub-truncate, eight to twelve, moderately thick and wide convolutions without ornamentation, 
narrowed in the apical periphery, intercellular ridge are prominent, apical cells form a not-so-
well developed rosette, basal pore is pentagonal to sub-circular without outer basal depression. 
Basal plug is thick as wide. 
Remarks: - The present specimen is similar with the Chara rantzieni of Tewari and Sharma 
(1972), Bhatia and Mathur (1978) which described from the Tatrot formation near Naipli village 
and near Chandigarh respectively. However, lack of well developed apical rosette in the present 
specimen makes it difficult to assign the specimen to Chara rantzieni. 
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Plate-1: fig. A: The mollusk, Charophytes, Ostracodes and fish teeth bearing mudstone bed near 
Kamakhya Temple, Polian Prohita ( Himachal Pradesh); fig. 1: Parreysia sp. (Si/pal/001), 1a is 
lateral view and 1b is dorsal view; fig. 2: Lamellidens sp. (Si/pal/002) in lateral view; fig. 3: 
Melanoids sp. (Si/pal/003); fig. 4: Gyraurus sp. (Si/pal/004) in apical view; fig. 5: Chara 
globularis globularis (Si/pal/005); fig. 6: Chara globularis aspera (Si/pal/006); Figs, 5a, 6a are 
lateral view, 5b, 6b are apical view and 5c, 6c are basal view. 
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Genus: Lychnothamnus (Ruprecht) A.Braun, 1856 

          Lychnothamnus breviovatus Lu & Luo 
(Plate 2: fig. 2) 

 
Materials and Horizon: -- Si/pal/008 and several specimen of collected from dark grey to 
blackish mudstone bed of Dhok Pathan Formation near Kamikhya Temple, Polian Prohita area. 
Comments: - The gyrogonite is small to medium in size, broadly ovoidal to nearly spheroidal, 
apical broadly rounded to sub-truncate, eight to twelve, convex, moderately thick convolution 
without distinct groove in the apical periphery, apical cell are jointed along a short zig-zag line, 
basal pore pentagonal to sub-circular, basal plug thinner than wide. 
Remarks: - Bhatia (1999) described Lychnothamus breviovatus from the DhokPathan Formation 
near Daulatpur area and Pinjore Formation near Choti Parch village. Bhatia et al. (1985) has also 
reported Lychnothamus breviovatus from the Karewas of Kashmir. Originally the specimen had 
been described from the Late Oligocene and Neogene of Tarim Basin, XinJiang, China (Bhatia, 
1999). 
 

Genus: Lamprothamnium Groves, 1916 
Lamprothamnium papulosum (Wallr.) Groves, 1924 

(Plate 2: fig. 3) 
 

Materials and Horizon: -- Si/pal/009 and several specimens from  dark grey to blackish 
mudstone bed of Dhok Pathan Formation near Kamikhya Temple, Polian Prohita area. 
Comments: - The Gyrogonites are small to medium size, prolate spheroidal to subprolate; the 
characteristic thin apical portion not preserved; ten to twelve, flat to concave, moderately thick 
convolution without any ornamentation. In lateral view, the spiral cells truncate towards the top.  
Basal pore moderately wide, pentagonal shape; basal plug thinner than wide. 
Remarks: - The Genus Lamprothamnium was first time record from the Indian soil by Bhatia 
(1999). His collection comprises Lamprothamnium papulosum, Lamprothamnium succinctum 
from the Pinjor Formation of Upper Siwalik from Nada village in which he suggested an oligo- 
to mesohaline environment. The Genus Lamprothamnium is euryhaline and thrives best in 
brackish water condition (Souli-Marsche, 1991). The present finding extends the geological 
range of the species up to Dhok Pathan Formation. 
 

Family: Candonidae Kaufmann, 1900 
Subfamily: Candoninae Kaufmann, 1900 

Genus: Candona Baird, 1845 
Candona sp.  

(Plate 2: figs. 4, 5) 
 

Materials and Horizon: -- Two specimens (S Si/pal/010 and Si/pal/011) from dark grey to 
blackish mudstone bed of Dhok Pathan Formatio near Kamikhya Temple, Polian Prohita area. 
Comments:- Carapace elongate subreniform, compressed in lateral view, with  greatest height 
posterior to middle; left valve slightly larger than right valve; dorsal margin gently convex, 
slopping anteriorly and posteriorly from greatest height; ventral margin curved anteromedially; 
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anterior margin narrow, obliquely rounded; posteriormargin broad and obliquely rounded; 
posterodorsal straight, posteroventral rounded; anterior and posterior ends nearly at same height; 
in dorsal view carapace lanceolate; ends compressed, maximum width near posterior to middle. 
Remarks: - The present species resembles in overall lateral outline with Candona cachensis 
Swain (1947) described from Plio-Pleistocene, Salt Lake Formation, Utah. Unlike the present 
species C. cachensis has maximum height posteriorly, is more rounded posterodorsally, and 
posteroventrallyand in dorsal view ends rounded. 
 

Subfamily: Stenocyprinae 
Genus: Stenocypris Sars, 1889 

Stenocypris sp. indet 1.  
(Plate 2: fig. 6) 

 
Materials and Horizon: -- Single specimen (Si/pal/012) from dark grey to blackish mudstone 
bed of Dhok Pathan Formation near Kamikhya Temple, Polian Prohita area. 
Comments:- Carapace broken, small, elongate in lateral view, with greatest height anteriorly; 
dorsal margin not well preserved and the ventral straight to slightly curved in the middle, the 
anterior and the posterior margins are rounded;  left valve larger than right valve, overlap all 
along margins. The external surface of the carapace is smooth. 
Remarks: -The present specimen resembles Stenocypris major of Bhandhari and Kundal (2008). 
However, the incomplete nature of preservation makes it difficult to assign it in a particular 
species.  
 

Stenocypris sp. indet. 2 
(Plate 2: figs. 7, 8) 

 
Materials and Horizon: - Two specimens (Si/pal/013 and Si/pal/014) of collected from dark 
grey to blackish mudstone bed of Dhok Pathan Formation near Kamikhya Temple, Polian 
Prohita area. 
Comments: - The specimens are well preserved, small, elongated in outline with length greater 
than three times its height; dorsal and the ventral margins are straight and the posterior and the 
anterior margins are rounded. The surface is smooth.The present specimens resemble 
Stenocypris fontinalis which is a long ranging specimen (Dhok Pathan, Tatrot and Pinjore 
formation). The Genus Stenocypris are usually found in warm and shallow water conditions 
(Stenocypris major; Baird, 1859; Bhatia & Khosla, 1967to clean running water. Moroni (1967) 
observed that the Genus is also found in the paddy field. 
 

Class: Actinopterygii Klein, 1885 
Order: Perciformes, Bleeker, 1859 
Family: Channidae, Fowler, 1934 

Gen. et. sp. indet 
 (Plate 3; figs. 1, 2, 3) 
  
Material and Horizon: Premaxillary teeth Si/pal/01 to Si/pal/03 from dark grey to blackish 
mudstone bed of Dhok Pathan Formation near Kamikhya Temple, Polian Prohita area. 
Remarks: The teeth are small, conical in shape, well preserved, complete, apically inclined and 
constricted sub-basally; the cylindrical crown is tapering upward, enamel at the base present 
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vertical stripe or wrinkle. The crown of the teeth posses thin layer of enameloid and the proximal 
part of the teeth bear striation on the surface. Similar teeth were collected from the lower and 
Upper Karewa of Kashmir by Kotlia (1985, 1989) in which he classified the teeth under the 
subfamily Schizothorax esocinus.  The present teeth are also similar with those of Parmar and 
Prasad (2012) in having conical shape, presence of striation at the proximal part. However, their 
specimens posses more pointed apex at the crown. Similar teeth have also been recorded by 
Kotlia and Mathur (1997) from the upper Siwalik deposit of Surai Khola, Nepal. 
 

Division: Teleostei, Muller, 1846 
Superorder:  Ostariophysi Sagemehl, 1885 

Order: Cypriniformes Bleeker, 1859/60 
Family: Cyprinidae Cuvier, 1817 

Gen. et. Sp. Indet 
 

Material and Horizon: Si/pal/015 to Si/pal/028 from dark grey to blackish mudstone bed of 
Dhok Pathan Formation near Kamikhya Temple, Polian Prohita area. 
 

Morphotype A  
(Plate 3; figs. 4, 5, 6) 

 
Remarks: The teeth are small, short and complete; the base is swollen and subglobular in 
outline. The crown is unicuspate, acute and terminates distally in a short, conical hook; the 
masticatory area below the hook is slightly developed. Similar teeth have been reported from the 
Karewas of Kashmir, from the Upper Siwalik subgroup of Jammu and Kashmir near Khanpur 
village by Kundal and Prasad (2011) and Lower Siwalik beds of Jammu (Parmar and Prasad, 
2012). These teeth are also comparable with the Cyprinidae teeth from the Lower-Middle Eocene 
of Kuldana Formation of Pakistan (Gayet, 1987, fig. 17) in having globular shape, oval cross 
section, slightly blunt and bend hook, narrow and moderately developed grinding surface.  Gayet 
(1987) suggested such teeth may belong to outer row of fifth phyringeal. 
 

Morphotype B 
 (Plate 3; Figs. 7, 8, 9, 10)  

 
The teeth are elongate, cylindrical and globular in shape. In cross section, the teeth bear oval 
shape. The cylindrical bodies are slightly constricted at the base; the crown is acute. 
 

Morphotype C  
(Plate 3; figs. 11, 12, 13, 14) 

 
The teeth are elongated, complete, occlusal plane is strongly oblique and bear laterally flattened 
crowns. The teeth are inflated towards the apical portion and tapering down at the base.  Crowns 
are bounded by elongated crests enclosing a central shallow depression. These members were 
reported by Kotlia (1985) from the Karewas of Kashmir, from the Upper Siwalik subgroup of 
Jammu and Kashmir near Khanpur village by Kundal and Prasad (2011). 
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Plate-2: fig. 1: Chara sp. indet. (Si/pal/007); fig. 2: Lychnothamus breviovatus (Si/pal/008); fig. 
3: Lamprothamnium papulosum (Si/pal/009); fig. 4, 5: Candona sp. (Si/pal/010; Si/pal/011); 
figs. 6: Stenocypris sp. indet 1. (Si/pal/012) in lateral view; figs. 7, 8: Stenocypris sp. indet. 2 
(Si/pal/013, Si/pal/014) in lateral view; Figs. 1a, 2a and 3a are in lateral view, figs. 1b, 2b and 3b 
are in apical view and figs. 1c, 2c and 3c are in basal view. Scale bar represent 500µm. 
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Plate-3: Figs. 1, 2 and 3: Channidae teeth (Si/pal/015, Si/pal/016, Si/pal/017); Fig. 4, 5 and 6: 
Cyprinidae teeth (Si/pal/018, Si/pal/019 and Si/pal/020), Morphotype A; Figs. 7, 8, 9 and 10: 
Cyprinidae teeth (Si/pal/021, Si/pal/022, Si/pal/023 and Si/pal/024), Morphotype, B; Figs. 11, 
12, l3 and 14: Cyprinidae teeth(Si/pal/025, Si/pal/026, Si/pal/027 and Si/pal/028), Morphotype 
C. All the figures are in lateral view. Scale bar in figs. 1-13 is 500um and fig. 14 is 1mm. 
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Discussion and Conclusion 
 

On the basis of the above microfossil assemblages including the gyrogonites of 
charophytes which are associated with ostracods, mollusc and fossil fish teeth a broad 
palaeoenvironmental condition of the area can be reconstructed. Interestingly, most of these 
fossils are restricted to a particular mudstone band which is dark grey and carbonaceous in nature 
attaining a maximum thickness of about one metre. The charophyte flora of the study area 
comprises Chara globularis globularis, Chara globularis aspera, Chara sp. indet, 
Lychnothamus breviovatus, Lamprothamnium papulosum, etc. In ideal case, the genus Chara is 
typical of shallow plain lakes while those of the intermontane and foothills depressions were 
inhabited by Lychnothamus. The abundance of well preserved charophyte gyrogonites suggests a 
semi-permanent to permanent pond or lacustrine environment. The recovery of the fresh water 
cyprinid fishes associated with charophytes, ostracods and freshwater mollusks restricts the 
depositional environment of this unit to very low energy condition. An enhanced seasonal 
flooding is essential to produce a local lacustrine condition on the overbanks. Ostracods inhabit 
every aquatic environment, which includes fresh, brackish and marine waters. They are very 
sensitive to change in the environment. The most commonly abundant forms of ostracods species 
found in this dark grey carbonaceous mudstone bed includes Stenocypris sp., Candona sp. These 
species are commonly found well adapting in the warm, shallow water ponds and lakes (Bhatia 
and Singh, 1977; Bhatia,1996). Amongst the mollusks, Parreysia sp., Lamilliden sp., Melanoides 
tuberculata, Gyraulus sp. etc. indicates a warm tropical to subtropical humid climatic condition. 
The Lithounits of the Dhok Pathan Formattion are dominated by Sm, Sh, St and Fsm of Miall 
(1989) Lithofacies code deposited by large meandering to braided river system undergoing 
frequent avulsion (Singh et al., 2012). The sedimentary facies of dominant unchannelized 
sandstone bodies along with low mudstone unit of Dhok Pathan Formation suggests their 
deposition during sheet floods in a braided stream environment. Taking into consideration of the 
fossil assemblages from this carbonaceous dark grey to blackish colour mudstone bed, it may 
suggested that there used to exist a localized swampy to overbank pond environment at this 
deposit of braided river system of Dhok Pathan Formation.  
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