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In this study, we report well-preserved fossil remains 
of Nimbia from the Ediacaran Sonia Sandstone of Jodh-
pur Group, Marwar Supergroup in the Sursagar area 
of Jodhpur district, Rajasthan, western India. Here, two 
species of Nimbia, namely Nimbia occlusa and Nimbia 
dniesteri, have been recorded on medium- to fine-grained 
sandstone bedding surfaces. The N. occlusa forms are 
circular to ovate and elliptical imprints with a smooth 
and flat central part and enclosed by a single thick, 
annular marginal rim, whereas the N. dniesteri remains 
are circular to sub-circular discoid impressions with a 
trapezoidal structure. Here, the recorded N. occlusa is 
common compared to the N. dniesteri fossil forms in the 
Ediacaran Sonia Sandstone. These Nimbia fossil forms 
are found in the Sonia Sandstone in terrestrial to margi-
nal marine habitats with moderate hydrodynamic forces. 
 
Keywords: Discoid organisms, fossil remains, hydrody-
namic forces, Nimbia species. 
 
THE fossil forms of Ediacaran biota consist of the Earth’s 
earliest macroscopic, large, soft-bodied and morphologi-
cally complex multicellular organisms, which occur globally 
in the strata of the middle to late Ediacaran period1–5. These 
Ediacaran organisms represent diverse assemblages of euka-
ryotic groups, including the stem-group and crown-group 
of bilaterian metazoans, algae, lichens and extinct clades 
in the early evolution of complex life forms2,6–8. In western 
India, the Sonia Sandstone is ideally exposed (via open-
cast sandstone mining) at Sursagar area in Jodhpur district, 
Rajasthan, revealing Ediacaran fossil forms such as Aspidella 
discs9–12, Hiemalora stellaris13, various algal mat struc-
tures11,14, trilobozoan organisms11,15 and Thectardis ava-
lonensis16. The present study deals with the soft-bodied, 
discoid fossil imprints assignable to Nimbia occlusa and 
Nimbia dniesteri recorded from the Sonia Sandstone in the 
Sursagar area. The studied fossil-bearing horizon of the 
Sursagar area is about 8 km north of Jodhpur district, Raja-
sthan (Figure 1). The collected Nimbia samples have been 
maintained in the Department of Geology, Jai Narain 
Vyas University, Jodhpur, as repositories. This study also 
systematically describes the correlation and palaeoenvi-

ronmental implications of the fossil remains of Nimbia  
organisms in the Sonia Sandstone. 

Geological settings 

The unmetamorphosed and undeformed Marwar Super-
group (MSG) was previously known as the Trans-Aravalli 
Vindhyans17. It is about 1000 m thick and comprises mainly 
arenaceous and calcareous sediments with evaporite depos-
its18,19. MSG occupies a large area in the northwest of  
Rajasthan, including Jodhpur, Pali, Khatu, Bilara, Nagaur, 
Phalodi, Pokaran, Bikaner and Jaislamer19–21. The MSG  
sediments are unconformably overlain by the Malani vol-
canics, dated from 780 to 680 Ma (refs 22, 23) and 771 ± 
05 Ma (ref. 24) and are underlain by permo-carboniferous 
bap boulder beds19. MSG is divided into three groups: the 
 
 

 
 
Figure 1. Geological map of Rajasthan, western India, showing the 
distribution of rocks of the Marwar Supergroup and location of Nimbia 
organisms bearing Sonia Sandstone exposed at Sursagar area of Jodhpur 
district19. 
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Table 1. Stratigraphic succession of the Marwar Supergroup, Rajasthan, western India19 
Permo-Carboniferous Bap boulder bed Rounded, sub-rounded, ellipsoidal pebbles and cobbles 
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Nagaur Group (75–500 m) Tunklian Sandstone, Nagaur Sandstone  
Hanseran Group (up to 60 m) Clay stone, siltstone, dolostone, anhydrite, halite 

Bilara Group (100–300 m) Pondlo dolomite, Gotan limestone, Dhanapah dolomite  

Jodhpur Group (125–340 m) 

Girbhakar Sandstone  
 
 
Sonia Sandstone   
 
 
Pokaran boulder beds 

Buff, brownish, purplish to reddish white, spotted, 
gritty, pebbly, massive to thickly bedded sandstone 
and siltstone sequence.  

Yellowish brown, purple, pinkish brown medium to 
fine grained, fine grained sandstone, brown siltstone 
and shale and few conglomeratic beds.  
Sandstone, silty and shaly sandstone. Massive con-
glomerate, boulder spread and stratified conglomerate. 

Malani Igneous Suite: 780–680 Ma (refs 22, 23) and 771 ± 05 Ma (U–Pb)24. 
 
 

 
 
Figure 2. Generalized lithostratigraphic section of Sonia the Sand-
stone of the Jodhpur Group of Marwar Supergroup showing Nimbia or-
ganisms with other Ediacaran fossil assemblage-bearing horizons9. 
 
 
basal Jodhpur Group, the middle Bilara Group and the 
Nagaur Group at the top19. The Pokaran Boulder Bed, Sonia 
Sandstone Formation and Girbhakar Sandstone Formation 
make up the Jodhpur Group in order of stratigraphic division. 
The Bilara Group is further subdivided into three formations, 
viz. Dhannapah dolomite, Gotan limestone and Pondlo dolo-
mite. The Nagaur Group is separated into: the lower Nagaur 
Sandstone Formation and the upper Tunklian Sandstone 
Formation19 (Table 1). The strata of the Sonia Sandstone are 
less disturbed, almost horizontal, and contain coarse- to fine-
grained sandstone, siltstone, shale and a few conglomeratic 
sandstone beds21,25. The sandstone facies of the Sonia Sand-
stone are primarily quartz arenite, with excellent preservation 
of sedimentary structures such as laminations, ripple-marks, 
cross-bedding, tough cross-bedding, graded bedding and 

rain-prints21,25. An Ediacaran age has been suggested for 
the Sonia Sandstone based on previous records of the Edi-
acaran fossil forms9–16. The Bilara Group is considered to 
be of Late Ediacaran to Early Cambrian age according to 
the isotopic analysis of the Bilara carbonates26. However, 
the Nagaur Group has been assigned an Early Cambrian 
age based on trilobite trace fossils27. The present Nimbia 
fossils bearing the Sonia Sandstone Formation are ex-
posed in the Sursagar area of Jodhpur district, Rajasthan 
(Figure 1). Figure 2 shows a generalized lithostratigraphic 
section of Nimbia fossil forms with other Ediacaran fossil 
assemblages bearing the Sonia Sandstone of the Sursagar 
area.  

Palaeontology 

Systematic description: 

Genus: Nimbia28. 
 
Type species: Nimbia occlusa28. 
 
Materials: Measured 32 specimens on medium- to fine-
grained sandstone slabs of the Sonia Sandstone exposed in 
the Sursagar area. 
 
Description: These are circular to ovate and sometimes ellip-
tical imprints preserved as convex hyporelief with the central 
part smooth and flat, enclosed by a single thick and con-
spicuous annular marginal rim (Figures 3 and 4). The flat 
and smooth central area within the peripheral rim or ridge 
is the same level as the sandstone bedding outside the 
discs. No surface ornamentation (concentric lines or radial 
features) was observed on the N. occlusa specimens. The 
diameter of the circular, ovate and elliptical imprints (dis-
coid organisms) was in the range 4–45 mm, with an average 
diameter of 18–22 mm. The marginal rim or ridge relief of 
the discoid imprints ranged from 2 to 3 mm, and the width 
from 2 to 4 mm. 
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Remarks: The discoid imprints examined in this study have 
been assigned and described as N. occlusa as they closely 
resemble the diagnostic characteristics of N. occlusa recorded 
from the White Sea, Russia28, and N. occlusa from the 
Mogilev Formation, Ukraine29. These are also distinct 
from the other Ediacaran discoidal fossil assemblages like 
Aspidella30, Cyclomedusa31, Marsonia32 and Medusinites33 
because of their circular to ovate and elliptical imprint 
morphology with a single thick and conspicuous annular 
marginal rim and the lack of fine concentric lines or radial 
features. These specimens are comparable to the material 
recovered from the Valday beds of the White Sea, Russia, 
as convex hyporelief preservations28. The present N. occlusa 
material in the Sonia Sandstone is significantly larger 
(size range 4–45 mm) than the type material, which is 4–
15 mm in size28,29. The average size range is similar to N. 
occlusa recorded from the Twitya Formation of the Mac-
kenzie Mountains in Canada (10–35 mm)34. The N. occlusa 
reveal their gregarious nature in the Sursagar area, which 
is common to most occurrences of this taxon. Globally, these 
are well compared with N. occlusa from the Mount Fitzwill-
iam area of British Columbia35, the lower Cambrian strata 
of the Digermul Peninsula in Norway36, the Lesser Karatau 
in Kazakhstan37 and the Brioverian series of Brittany in  
Northwestern France38, and regionally with the Bhander 
Group of the Vindhyan Supergroup39. 
 
 

 
 
Figure 3. a, c, Field photographs of well-preserved Nimbia occlusa 
discoid imprints with central part smooth and flat enclosed by a single 
thick and sharp annular marginal rim. d, e, Close-up views of small N. 
occlusa specimens are found in the Sursagar area. b, f, Field photo-
graphs of elliptical forms of N. occlusa specimen. g–i, Close-up views 
of small N. occlusa specimens preserved with a single thick, marginal 
rim/ridge and flat central depression. Scale bar = 1.5 cm.  

Occurrences: Medium- to fine-grained sandstone bedding 
surfaces of the Sonia Sandstone of Jodhpur Group, MSG, 
exposed at the Sursagar area of Jodhpur district, western 
Rajasthan, India.  
 
Nimbia dniesteri40. 
 
Materials: Measured eight specimens on medium- to fine-
grained sandstone slabs of the Sonia Sandstone exposed in 
the Sursagar area. 
 
Description: These are circular to sub-circular discoid im-
prints preserved as mostly convex hyporelief, with the 
central part flat and smooth (without any ornamentations), 
bounded by a single thick and conspicuous annular mar-
ginal rim or ridge (Figure 5 a–f ). These thick and conspicu-
ous marginal ridges were formed in trapezoidal patterns or 
morphologies (Figure 5 a, c and e). In the Sonia Sandstone, 
the centrally located flat areas of the discs have the same 
level as the sandstone bedding surfaces outside the discs. 
No radial structures or ribs were observed in the N. dniesteri 
specimens (Figure 5 a, c and e). The diameter of the N. 
dniesteri specimens with trapezoidal pattern or morphology 
was in the range of 30–45 mm. The relief of the ridges of 
the discoidal impression was in the range of 2–3 mm, 
whereas the width was in the range of 2–5 mm. 
 
 

 
 
Figure 4. a, b, f, Field photographs of well-preserved N. occlusa spec-
imens as circular to sub-circular imprints with a single thick and con-
spicuous marginal rim. c, e, Close-up views of well-preserved N. 
occlusa specimens in medium- to fine-grained sandstone. d, Field pho-
tograph of circular to sub-circular, ill-preserved N. occlusa specimen. g, 
Cross-section view of medium- to fine-grained sandstone which is a 
dark-brownish layer showing organic matter of Nimbia organism and 
clearly differentiates the host rocks sediments. h, Cross-section view of 
medium- to fine-grained sandstone which is a dark-brownish layer 
showing organic matter marked with purple outlines. Scale bar = 1.5 cm. 
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Figure 5. a, Field photograph of a well-preserved N. dniesteri specimen with trapezoid mor-
phology. b, Diagrammatic sketch of N. dniesteri specimen shown in (a). c, Close-view of N. 
dniesteri specimen which in the central depressed part of the trapezoid structure is filled with the 
host-rock sediments. d, Diagrammatic sketch of N. dniesteri fossil specimen shown in (c). e, 
Close-view of poorly-preserved N. dniesteri specimen occurring in medium- to fine-grained sand-
stone in the Sursagar area. f, Diagrammatic sketch of N. dniesteri specimen shown in (e). Scale 
bar = 1.5 cm. 

 
 
Remarks: The discoid imprints examined in this study have 
been assigned and described as N. dniesteri as they closely 
resemble the diagnostic characteristics of N. dniesteri spe-
cies found in the Lomosov Beds of the Mogilev Formation 
of the Dniester River Basin, Ukraine40, and the Dniester 
Basin of Podolia, Ukraine41. They differ from the type 
species N. occlusa of the genus Nimbia, having a circular to 
ovate and sometimes elliptical imprint morphology. The N. 
dniesteri specimens recovered from the Sonia Sandstone are 
somewhat similar in size range (30–45 mm) (Figure 5 a–f ) 
compared to the type material size range 10–30 mm (ref. 
40). Probably, the trapezoidal pattern or morphology re-
veals the mechanism of reproduction in N. dniesteri. These 
fossils are also compared regionally with specimens of N. 
dniesteri reported from the Bhander Group of the Vindhyan 
Supergroup39. 
 
Occurrences: Medium- to fine-grained sandstone bedding 
surface of the Sonia Sandstone of Jodhpur Group, MSG, 
exposed in the Sursagar area of Jodhpur district, western 
Rajasthan, India.  

Discussion 

Historically, the Ediacaran discoid fossils have been con-
sidered jellyfish, polyps or sea-pen holdfasts31,42,43. Fe-
donkin28 interpreted these Nimbia discoid organisms as 

sea jellies and compared them to living Solmissus-like sea 
jellyfish with slender tentacles. Later, Crimes et al.44 
found that these Nimbia discoid organisms had only a two-
layered body wall enclosing a single cavity and assigned 
them to Coelenterata. Some workers have interpreted the 
discoid Ediacaran fossils as microbial colonies44,45, but the 
Nimbia fossils are preserved in the study region as convex 
hyporeliefs and circular to ovate and elliptical imprints 
enclosed by a single thick marginal rim without body 
thickness. The alternative interpretations of discoids from 
the Ediacaran fossils have been compared with lichenized 
fungi and fungal fruiting bodies based on their peculiarities 
of sessile growth, decay without marginal collapse and 
compaction resistance6,46, as well as the possibility that they 
belong to lichen-like Aspidella and Hallidaya discoidal 
fossils47,48. Therefore, at this time, the biological affinity 
of Nimbia organisms remains unknown. 
 In the present study, Nimbia organisms with two forms, 
i.e. N. occlusa and N. dniesteri, have been observed and 
reported from the bedding surfaces of medium- to fine-
grained sandstone in the Sonia Sandstone of Jodhpur Group, 
MSG. These sandstone bedding surfaces are mainly of quartz 
arenitic composition with intercalations of shale and silt-
stone. These sandstones were formed by the lithification 
of medium- to fine-grained sediments in the Marwar Basin 
covered with algal or microbial mats. These Nimbia organ-
isms (fossil remains) have been buried in dead or live form. 
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Throughout the fossilization process, they were somewhat 
squashed by the weight of the sediments and cast by sand-
stone, with three-dimensional preservation facilitated by orga-
nic-rich silica deposition49 and floored by algal or microbial 
mats (Figures 3–5). The organic-rich silica has been pre-
served in the N. occlusa and N. dniesteri species as fossil 
specimens in terrestrial to marginal marine settings.  
 In the present study, the Nimbia fossils have been reported 
in medium- to fine-grained sandstone facies (generally 
yellowish to pinkish-brown coloured) of the Sonia Sand-
stone, which also contains a variety of wavy ripples and 
fossilized Ediacaran organisms, including Aspidella9–12, 
Hiemalora stellaris13, giant-sized Ediacaran discs10,11, tri-
lobozoan organisms11,15 and Thectardis avalonensis16. The 
Sonia Sandstone comprises light brown, yellowish to pinkish 
brown and reddish-brown sandstone with thin patches/ 
intercalations of shale and siltstone and is considered to 
have formed in a deltaic or beach environment21,25. The 
Girbhakar Sandstone lies above the Sonia Sandstone and 
is composed of coarse, gritty and pebbly sandstone of flu-
vial origin21. The Nimbia fossil-bearing Sonia Sandstone sec-
tion also has thin patches of reddish, maroon and creamish-
coloured shale or siltstone beds (Figure 2), implying the 
palaeosol depositional models for the Sonia Sandstone of 
Jodhpur Group, MSG. Thus, this study suggests that the 
sediments of the Sonia Sandstone were likely deposited in 
terrestrial to marginal marine settings with moderate hy-
drodynamic forces. 

Conclusion 

The present study reports well-preserved Nimbia organisms 
with two morphospecies, viz. N. occlusa28 and N. dniesteri40 
in the Ediacaran Sonia Sandstone succession (exposed in 
the Sursagar area) of the Jodhpur Group, MSG, western 
India. The N. occlusa specimen is larger (size range 4–
45 mm) than the type materials (size range 4–15 mm)28 

and similar to N. occlusa specimens recorded from the 
Twitya Formation (size range 10–35 mm) of the Mackenzie 
Mountains, Canada34. The recorded N. occlusa specimen 
shows a gregarious habitat and is quite common compared 
to the N. dniesteri fossil forms in the Ediacaran Sonia Sand-
stone. The fossil forms of N. dniesteri are circular to sub-
circular and sometimes elliptical imprints bounded by a 
single, thick and sharp marginal rim, forming a trapezoi-
dal pattern or morphology.  
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