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Finkoella: a sack-like Ediacaran soft-bodied
fossil from the Marwar Supergroup, western

Rajasthan, India
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The present study reports the well-preserved Edia-
caran sack-like soft-bodied fossils assigned as Finkoella
ukrainica and Finkoella oblonga from the Sonia For-
mation of the Jodhpur Group, Marwar Supergroup,
western Rajasthan, India. The F. ukrainica is found in
elliptical, ovate-shaped and sometimes oblong or cucum-
ber-shaped forms with a distinct short neck, and a
small circular protrusion or depression may be present
on the organism. F. oblonga is elongated, ovate to cucum-
ber-shaped fossil specimen with poorly preserved six
longitudinal low grooves and ridges arranged parallel
to the marginal ridges of the organism. Both F. ukrain-
ica and F. oblonga are also well comparable to the type
materials of Ukraine in the preservation of concave
(negative relief) and convex (positive relief) with
oral/atrial siphons, double marginal ridges/grooves
and elevated edges in the Sonia Formation. The Finko-
ella fossil remains are believed to be the flattened bodies
of tunicate organisms. Similar sack-shaped Burykhia
fossils recorded in the White Sea of Russia contrasted
to sponges and similar hollow-shaped organisms have
been interpreted and compared with lichenized fungi
and fungal affinity. Thus, the biological affinity of the
Finkoella organism is still unresolved.

Keywords: Ediacaran, Finkoella, Marwar Supergroup,
sack-like bodied fossil, tunicate organisms, western Raja-
sthan.

THE globally occurring strata of the middle to late Ediacaran
Period contain the oldest macroscopic, soft-bodied morpho-
logically complex multicellular organisms that have been
listed in the Ediacaran Biota' °. These Ediacaran organisms
probably represent a wide range of eukaryotic groups, in-
cluding the stem group and crown group of bilaterian meta-
zoans, algae, lichens and extinct clades in the early evolution
of complex life forms™®®. In western Rajasthan, the Sonia
Formation is best exposed through open-cast sandstone
mining in the Sursagar area of Jodhpur district to preserve
Ediacaran fossil forms such as Aspidella®'®, Hiemalora
stellaris”, large Ediacaran discs'>1? , trilobozoan organ-
ismsB’M, Thectardis avalonensisls, Parvancorinalé, Nimbia"
and various algal mat-structures'*'®. This article describes

*For correspondence. (e-mail: vspariharjnvu@gmail.com)
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the soft-bodied sack-like fossil remains attributed to F.
ukrainica and F. oblonga from medium- to fine-grained
sandstone facies of the Sonia Formation (exposed in the
Sursagar area) of the Jodhpur Group of the Marwar
Supergroup. The studied fossil-bearing Sursagar area is
located about 8 km to the north of Jodhpur district, western
Rajasthan, India (Figure 1). The gathered representative
samples of Finkoella have been housed in the Department
of Geology, Jai Narain Vyas University, Jodhpur, as repo-
sitories labelled as DG/JINVU/MSG/FN-437 (Figure 2 &)
and DG/INVU/MSG/FN-438 (Figure 2i). The present
study aims to report the fossil remains of both F. ukrain-
ica and F. oblonga species in the Sonia Formation with
systematic palaecontology and correlations to the described
Finkoella organisms from their type locality, i.e. the upper
Ediacaran shallow-marine deposits of Lomozov and Yam-
pol members of the Mogilev Formation of Ukraine'”.
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Figure 1. Geological map of western Rajasthan showing distribution
of rocks of the Marwar Supergroup and location of Finkoella Ediacaran
organisms bearing Sonia Sandstone exposed at Sursagar area of Jodhpur
district'.
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Geology of the study area

The unmetamorphosed and undeformed rocks of the Marwar
Supergroup (MSG) were formerly known as the ‘Trans-
Aravalli Vindhyans’®. It is around 1000 m thick and
comprises mainly arenaceous and calcareous sediments
with evaporite deposits**>. MSG occupies a large area in
the northwest of Rajasthan, including Jodhpur, Pali, Khatu,

Figure 2. a, Field photograph of F. ukrainica is found with atrial siphon
(AS) and double marginal ridge (DMR). b, Field photograph of F.
ukrainica specimen is preserved with elevated edges (EE). ¢, Field photo-
graph of F. ukrainica specimen is preserved with negative relief. d, e,
Close-up views of F. ukrainica specimens are occurred with oral siphon
(OS) and AS, sharp marginal boundaries, and one end of the organism
being more elongated while the other opposite end is more rounded. f,
Field photograph of F. ukrainica specimen occurred with a small circu-
lar depression (AS) and sharp EE. g, Field photograph of F. oblonga
shows it as an elongated ovate to cucumber-shaped organism with poor-
ly preserved six longitudinal low ridges and grooves that are positioned
parallel to the organism’s peripheral ridges. A, Cross-section view of
medium to fine-grained sandstone which in dark-brownish layer show-
ing organic matter of the F. ukrainica organism (DG/JNVU/MSG/FN-
437) marked with white outlines which clearly differentiates the host
rocks sediments. i, Cross-section view of medium to fine-grained sand-
stone which in dark-brownish to greyish layer showing organic matter of
the F. ukrainica organism (DG/JINVU/MSG/FN-438) marked with white
out-lines and clearly differentiates the host rocks sediments. Scale: Bar
is equal to 2 cm.
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Bilara, Nagaur, Phalodi, Pokaran, Bikaner and Jaisal-
mer®>*, The Marwar Supergroup unconformably overlies
on the Malani igneous suites, which have been dated from
780 to 680 Ma (refs 25, 26); 771 £ 05 Ma (ref. 27) and is
underlain by permo-carboniferous bap boulder beds®.
MSG is separated into three groups: the basal Jodhpur
Group, the middle Bilara Group and the Nagaur Group at
the top>>. The Jodhpur Group is stratigraphically divided
into the Pokaran Boulder Bed, the Sonia Formation, and
the Girbhakar Formation. By stratigraphic order, the
Bilara Group is divided into the Dhannapah dolomite, Gotan
limestone and Pondlo dolomite formations, and the Nagaur
Group is divided into the lower Nagaur Formation and the
upper Tunklian Formation® (Table 1). The strata of the
Sonia Formation are less disturbed, almost horizontal, and
contain coarse- to fine-grained sandstone, siltstone, shale,
and a few conglomeratic sandstone beds**. The sandstones
of the Sonia Formation are mostly made up of quartz arenite
facies and exhibit excellent preservation of sedimentary
structures like laminations, various ripple-marks, cross-
beddings, tough cross-bedding, graded bedding and rain-
prints****. The Ediacaran age has been suggested for
Sonia Sandstone based on the previous records of the Edi-
acaran fossil forms’'"***°. According to an isotopic anal-
ysis of Bilara carbonates, the Bilara Group is believed to
be Late Ediacaran to Early Cambrian in age’', but the Nagaur
Group has been ascribed an Early Cambrian age based on
trilobite trace fossils’>. The recorded F. ukrainica and F.
oblonga fossil remains bearing the Sonia Formation are
exposed in the Sursagar area of Jodhpur district, western
Rajasthan (Figure 1). A generalized lithostratigraphic section
of Finkoella fossil remains with other Ediacaran fossil as-
semblages bearing the Sonia Formation of the Sursagar area
is given in Figure 3.

Systematic palaeontology

Genus: Finkoella".
Type species: Finkoella ukrainica®.
Finkoella ukrainica (Figures 2 a—f, h, i and 4 a—f).

Materials: Twenty specimens were measured on medium-
to fine-grained sandstone slabs of the Sonia Formation.

Description: The Finkoella ukrainica are found in oval to
elliptical shapes (Figures 2 d, e, i and 4) and sometimes
oblong or cucumber-shaped (Figure 2 a—c) with a distinct
short neck (Figure 4 a) and a small circular protrusion or
depression may be present on the organisms. These are
preserved with convex/positive relief (Figures 2 a, b, d, e,
i and 4 a—f) and concave/negative relief (Figure 2 c, f, h)
in medium- to fine-grained sandstone bedding planes of
the Sonia Formation. Generally, these structures have
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Table 1. Stratigraphic succession of the Marwar Supergroup, Western Rajasthan, India*
Permo-carboniferous Bap boulder bed Rounded, sub-rounded, ellipsoidal pebbles and cobbles
. Nagaur Group Tunklian Sandstone
8 (75-500 m) Nagaur Sandstone
2 Hanseran Group Clay stone, silt stone, dolostone, anhydrite, halite
g (up to 60 m)
g > Bilara Group Pondlo dolomite
55 (100-300 m) Gotan limestone
= K .
8 2 Dhanapah dolomite
a ) Jodhpur Group Girbhakar Sandstone Buff, brownish, purplish to reddish white, spotted, gritty, pebbly,
§ @ (125-340 m) massive to thickly bedded sandstone and siltstone sequence.
5 g Sonia Sandstone Yellowish brown, purple, pinkish brown medium to fine grained,
= ‘% fine grained sandstone, brown siltstone and shale and few
% conglomeratic beds.
o Pokaran Boulder Beds Sandstone, silty and shaly sandstone.
é Massive conglomerate, boulder spread and stratified
conglomerate.

Malani igneous suite: 780-680 Ma (refs 25, 26) and 771 + 05 Ma (U-Pb)*’
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Figure 3. A generalized lithostratigraphic section of Sonia Sandstone

of Jodhpur Group of the Marwar Supergroup showing Finkoella organ-
isms with other Ediacaran fossil assemblages bearing horizons’.

smooth surfaces and sharp marginal boundaries, and one
end of the organism is more elongated, whereas the other
opposite end is more rounded (Figures 2 d, e, i and 4 a, c,
e). In one specimen of F. ukrainica, a well-preserved short
neck (about 4 mm long and 8 mm wide) has been found
on the more rounded end of the organism (Figure 4 a). A
short, protruded part has also been found on the more
elongated end of the organisms (Figure 2 d, e). Generally,
a small knob-like protrusion (Figures 2 a, e and 4 ¢) and a
small knob-like depression (Figure 4 a, e) are present on
the central part of the organisms (Figures 2 a, d and 4 a, c,
e), as well as in one specimen where this may be found
on the more rounded end (Figure 2 ¢). Most of the F. ukrain-
ica found here has sharp, distinct marginal boundaries
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(Figures 2 c—f, h, i and 4 a, e), as well as some with sharp
elevated edges (EE) that are 2—4 mm wide (Figures 2 a, b,
e and 4 ¢, e). The eleven specimens of F. ukrainica illustra-
ted here have length x width measurements of 40 mm x
23 mm (Figure 4 a), 70 mm x 45 mm (Figure 4 c), 80 mm x
50 mm (Figure 4 e), 55 mm x 25 mm (Figure 2 a), 80 mm x
45 mm (Figure 2 b), 70 mm x 35 mm (Figure 2 ¢), 90 mm x
50 mm (Figure 2 d), 60 mm x 35 mm (Figure 2 e), 50 mm x
35mm (Figure 2f), 35 mmx20mm (Figure 2 /) and
35 mm x 30 mm (Figure 2 i) respectively, and exhibit varia-
ble sizes.

Remarks: These sack-like soft-bodied fossil specimens
examined here are assigned as F. ukrainica because they
closely resemble the diagnostic characteristics of F.
ukrainica described from the Lomozov and Yampol mem-
bers of the upper Ediacaran shallow-marine Mogilev For-
mation of Ukraine'®. These specimens are also well
comparable to the type materials'® preserved with convex
(positive relief) and concave (negative relief) in medium-
to fine-grained sandstone bedding planes, as well as one
specimen preserved with shale intraclasts (Figure 2 a) of
the Sonia Formation. The present F. ukrainica specimens
in Sonia Sandstone have significantly larger length ranges
0of 40-90 mm and width ranges of 20—50 mm than the type
material, i.e. length ranges of 5-110 mm and width ranges
of 5-55 mm (ref. 20). These F. ukrainica have shown gre-
garious characteristics in their type locality, i.e. the upper
Ediacaran shallow-marine deposits of Lomozov and Yampol
members of the Mogilev Formation in Ukraine™. Still these
are scattered in the Sonia Formation with the other Edia-
caran taxa.

Occurrences.: Yellowish-pinkish brown medium- to fine-
grained sandstone bedding planes of the Sonia Formation
of the Jodhpur Group, Marwar Supergroup, which are ex-
posed in the Sursagar area of Jodhpur District, western
Rajasthan, India.
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Finkoella oblonga sp. (Figure 2 g).

Materials: One specimen was measured on medium- to fine-
grained sandstone slab of the Sonia Formation.

Description: In the Sonia Formation, one specimen of F.
oblonga is found as an elongated ovate to cucumber-
shaped specimen with poorly preserved six longitudinal
low ridges and grooves positioned parallel to the organism’s
peripheral ridges (Figure 2 g). These six longitudinal low
ridges and grooves have disappeared towards the semi-
circular distal end. Still, the larger part of the fossil specimen
is covered with mineral grain corrugations without any
patterns. The F. oblonga is preserved with concave (nega-
tive) relief (Figure 2 g) on medium- to fine-grained sand-
stone bedding planes. In the Sonia Formation, the F.
oblonga specimen has been recorded with a length x width
of 90 mm x 40 mm (Figure 2 g). The organism’s elevated or
depressed edges are usually shown as double ridges that
are clear, distinct and 2-3 mm wide (Figure 2 g).

Remarks: These elongated ovate (cucumber-shaped) fossil
specimens examined here are assigned as Finkoella oblonga

Figure 4. a, Field photograph of a well-preserved F. ukrainica speci-
men occurred as in oval to elliptical shapes with a distinct short neck
and a small circular depression present on the organism. b, Sketch dia-
gram of F. ukrainica specimen shown in Figure 4 a. ¢, Field photograph of
F. ukrainica specimen occurred as with a small circular protrusion (AS)
and sharp EE. d, Sketch diagram of F. wkrainica specimen shown in
Figure 4 c. e, Close-up view of oval and elliptical shape F. ukrainica
specimen is found in medium- to fine-grained sandstone bedding planes
of the Sonia Formation in the Sursagar area. f, Sketch diagram of F.
ukrainica specimen shown in Figure 4 e. Scale: Bar is equal to 2 cm.
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because they closely resemble the diagnostic characteris-
tics of F. oblonga, described from the upper Ediacaran shal-
low-marine deposits of Lomozov and Yampol members of
the Mogilev Formation of Ukraine'®. The F. oblonga
(Figure 2 g) is also well comparable to the type materials
of Ukraine'® as preserved with concave (negative relief),
double marginal ridges (DMR) and elevated edges (EE)
on medium- to fine-grained sandstone bedding planes of
the Sonia Formation.

Occurrences.: Yellowish-pinkish brown medium- to fine-
grained sandstone bedding planes of the Sonia Formation
of the Jodhpur Group, Marwar Supergroup, which are ex-
posed in the Sursagar area of Jodhpur District, western
Rajasthan, India.

Discussions

The Finkoella organisms are believed to be flattened bodies
of tunicate organisms based on their overall morphology,
like the sack-shaped soft-bodied with two siphons and
have similarities with the tunicate organisms of the Ascidi-
acea group'’. The short, sharp or distinct neck of Finkoella
has been considered as an oral (inhalant) siphon (Figure
4 a), whereas a small circular or knob-like protrusion or
depression present on the central part of the Finkoella organ-
isms has been considered as an atrial (exhalant) siphon
(Figures 2 a, d, e and 4 a, c, ¢). The EE (Figures 2 b, e and
4 ¢) and double marginal ridges/grooves (DMR/DMG)
(Figure 2 a and f) are the remains of compressed elastic
sacks. They can be considered tunica of the tunicate organ-
isms. The bulges or bumps of the fossil specimens of
Finkoella organisms can be interpreted as the internal organs
of tunicate organisms'’. Fedonkin et al.*® describe a simi-
lar sack-shaped fossil, Burykhia, from the Vendian White
Sea of Russia and contrast it with sponges. Similar hollow-
shaped organisms have been interpreted and compared
with lichenized fungi and fungal affinity®*. However, the
Finkoella organism is still a problematic Ediacaran ani-
mal, like many other Ediacaran organisms, so the biologi-
cal affinity of the Finkoella organism is still unresolved.
The presently recorded fossil remains of Finkoella organ-
isms (both forms, i.e. F. ukrainica and F. oblonga) have
been reported from the bedding planes of medium- to fine-
grained sandstone, as well as one specimen preserved with
shale intraclasts (Figure 2 a) in the Sonia Sandstone of the
Jodhpur Group of the Marwar Supergroup. These sand-
stone strata consist mostly of quartz arenitic, with interca-
lations of shale and siltstone (Figure 3). These sandstone
strata have been formed by the lithification of medium- to
fine-grained sediments in the Marwar Basin, which were
floored with microbial mats during the Ediacaran period.
The Finkoella organisms have been buried in dead or alive
forms in the Sonia Formation. Then, throughout the fossil-
ization process (taphonomic events), they were somewhat
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squashed by the weight of the sediments and cast by sand-
stones, with three-dimensional preservation aided/facilita-
ted by organic-rich silica deposition’> and covered by the
algal or microbial mats (Figures 2 and 4). These organic-
rich silicas have been preserved in the F. ukrainica and F.
oblonga species as fossil specimens in terrestrial to mar-
ginal-marine environmental settings. The possibility of
these Finkoella organisms being inorganic in origin is also
ruled out, as they do not resemble inorganic structures.
Here, in Figure 2 h, the Finkoella organism is preserved
with negative relief, and in Figure 2 i, the Finkoella orga-
nism is preserved with positive relief in medium- to fine-
grained sandstone. In cross-section, the dark-brownish
layer (Figure 2 /) and dark-brownish to greyish layers (Fig-
ure 2 i) show the organic matter of these organisms, marked
by white-coloured outlines that differentiate it from the
host rock sediments of the medium- to fine-grained sand-
stone. These preserved organic matters of Finkoella orga-
nisms (Figure 2/ and i) in medium- to fine-grained
sandstone of the Sonia Sandstone of the Marwar Super-
group rule out its sedimentary origin.

The Finkoella (sack-like soft-bodied) fossils were origi-
nally described from the upper Ediacaran shallow-marine
deposits of Lomozov and Yampol members of the Mogilev
Formation of Ukraine'. In the present study, Finkoella
(both F. ukrainica and F. oblonga species) fossils have
been found in yellowish-pinkish brown medium- to fine-
grained sandstone strata of the Sonia Sandstone. These
sandstone strata also have various types of ripple marks
with mostly remains of Ediacaran benthic organisms such
as Aspidella®™"’, Hiemalora stellaris'', large Ediacaran
discs'*", trilobozoan organisms™'* Thectardis avalonen-
sisls, Parvancorinal(’, Nimbia'” and various algal mat-
structures''®. The Sonia Formation consists of light brown,
yellowish to pinkish brown and reddish brown sandstones
with intercalations of maroon to reddish brown shales and
siltstones and is thought to have formed in a deltaic and
beach environment****. According to Chauhan®, the over-
lying Girbhakar Formation is composed of gritty and peb-
bly sandstone of fluvial origin. The Sonia Formation also
contains thin patches or beds of maroon-to-reddish-brown
shales and siltstone between the Finkoella and other Edia-
caran fossil-bearing sandstone strata (Figure 3) and im-
plies paleosol depositional models. Therefore, this study
suggests that the Sonia Formation of the Jodhpur Group of
the Marwar Supergroup was deposited in terrestrial to mar-
ginal-marine environments with moderate hydrodynamics.

Conclusions

In this study, two species of sack-shaped soft-bodied
Finkoella organisms (F. ukrainica and F. oblonga) have
been documented from the Sonia Formation of the Jodhpur
Group, Marwar Supergroup, western Rajasthan, India.
This is the first discovery of Ediacaran fossil remains of
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Finkoella organisms in India after the Ukraine. This occur-
rence of Finkoella organisms in Sonia Formation has sig-
nificantly larger length ranges of 40-90 mm and width
ranges of 20-50 mm than the type material, i.e. length
ranges of 5—110 mm and width ranges of 5-55 mm (ref.
20), which suggests their adult forms are found in Sonia
Formation.

These Finkoella organisms have shown gregarious
characteristics in their type locality, i.e. the upper Edia-
caran shallow-marine deposits of Lomozov and Yampol
members of the Mogilev Formation in Ukraine'®. Still,
here in the Sonia Formation, they are found in scattered
form in terrestrial to marginal-marine environments with
the other Ediacaran fossil assemblages like Aspidella’'’,
Hiemalora stellaris"', large Ediacaran discs'*" trilobo-
zoan organisms”’”, Thectardis avalonensis", Parvan-
corina'®, Nimbia'" and various algal mat-structures'>'®.
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