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ABSTRACT

Three complex Organic-Walled Microfossils (OWM) viz. Shuiyousphaeridium echinulatum Yin and Gao, 1999; Cymatiosphaeroides kullingii Knoll
et al., 1991 and Trachysphaeridium sp. are recorded from the chert streaks of the Chitrakut Formation of the Semri Group, Vindhyan Supergroup. This
assemblage has been attributed to eukaryotic remains and discussed on various possible criteria to establish their affinity. The present record is the third

occurrence of such eukaryotic forms from the Late Palacoproterozoic — Early Mesoproterozoic succession after the report of the Roper Group, Australia and

the Ruyang Group, China. The Chitrakut assemblage represents the first comprehensive report of the acritarchs including Shuiyousphaeridium type acritarch

from the Vindhyan Supergroup.
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INTRODUCTION

Presence of eukaryotes in the Meso and Neo-Proterozoic
Era is fairly established but their origin, evolution and
antiquity in deep Proterozoic Eon are debatable (see Xiao,
2013; Knoll, 2014). Understanding of the distinction between
extant eukaryotic and prokaryotic forms helps identify the
characteristics of two distinct types of entities in early history of
Earth. Morphological and anatomical characters found in living
forms, however, rarely survive fossilization and therefore not
available for documentation to the palacontologists (Xiao, 2013;
Knoll, 2014). In recent years, interest in recording eukaryotic
forms in the geological past specifically during the Proterozoic
has considerably increased. Discovery of an urn shaped hollow
structure Diskagma buttonii from the 2.2 Ga old Palaeosols of
South Africa is claimed to be the oldest likely eukaryote and
carliest evidence for life on land (Retallack et al., 2013) however,
its biological affinity is still unknown and not well established.
Size and complexity suggest that Diskagma had the degree of
cytoskeletal complexity which is found in eukaryotes. Among
the carbonaceous fossils, Grypania the oldest coiled megascopic
fossil recorded from marine realm, described from 1.87 Ga old
Negaunee Iron Formation, Michigan (Han and Runnegar, 1992;
Schneider et al., 2002), is considered as the oldest eukaryote.
Similar fossils were also recorded from the Mesoproterozoic
rocks in North China, Montana and India (Walter et al., 1990;
Kumar, 1995; Sharma and Shukla, 2009a,b). However, Sharma
and Shukla (2009a) established that the Grypania was prokaryotic
in nature. Many other fossils that appeared after Great Oxidation
Event (2.3 Ga) are claimed to be eukaryotes (Knoll et al., 2006).
Reviews highlight that most convincing fossil eukaryotes,
however, come from the micropalaeontological records that
were radiated in the oxygenated surface water of Proterozoic
oceans which otherwise were commonly anoxia at depth (Knoll
et al., 2006). Besides various other Proterozoic fossils, the
acritarchs — a group of decay-resistant organic-walled vesicular
microfossils, interpreted as unicelled photosynthetic protists-

are considered as eukaryotic candidates during Precambrian
time span, though some may represent multicellular algae
(Mendelson, 1987; Butterfield, 2004), and a few have been
tentatively interpreted as fungi (Butterfield, 2005). Although the
biological affinities of acritarchs are quite uncertain (Yin et al.,
2007), their distinct complex morphological features and size are
very helpful in their taxonomic divisions which are commonly
used both in biostratigraphic and palacoecological ranges
(Evitt, 1963; Volkova, 1965; Grey and Willman, 2009). These
records provide an earliest adequate data to assess the history of
protistan biodiversity (Knoll, 1994; Vidal and Moczydtowska,
1997; Huntley et al., 2006). Processed acritarchs are generally
found in Neoproterozoic successions with the two exceptions,
one in the Roper Group in Australia and the other is from the
Ruyang Group in China.

We report an assemblage constituting third occurrence
and first from India and discuss their eukaryotic affinity and
implications in geological history of the Vindhyan Supergroup.
Large acritarchs in the chert bands occurring close to the
basement of the Vindhyan Supergroup - the Bundelkhand
Granitic Complex from the Chitrakut Formation (> 1.64 Ga)
were reported (Kumar and Srivastava, 1991; Anbarasu, 2001a;
Singh et al., 2008). These authors did not explain the unusual
occurrence of the large-sized acritarchs in older strata. The
present paper describes in detail the large-sized, morphologically
complex Organic-Walled Microfossils assemblage from the
Chitrakut Formation and discusses their affinity and significance.

GENERAL GEOLOGY

The Vindhyan Basin is the largest intracratonic Proterozoic
sedimentary basin in Peninsular India. Sedimentary successions
range from Late Palaeoproterozoic to Neoproterozoic. About
~ 4000-5000 meter thick pile of tectonically less disturbed
and un-metamorphosed Vindhyan Supergroup has been
lithostratigraphically subdivided into four groups in stratigraphic
order, the Semri, the Kaimur, the Rewa and the Bhander
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Fig. 1. Generalize geological map of the Chitrakut Formation (redrawn after Singh and Pal, 1970; Anbarasu, 2001b) showing the location of the study area.

(Auden, 1933). The sedimentary sequences of this basin are
extensively exposed in Bundelkhand, Son Valley region of
Bihar, Uttar Pradesh and Madhya Pradesh and Chambal Valley
of Rajasthan sectors (Chakraborty, 2006) and show much facies
variations. The Semri Group is the oldest group of the Vindhyan
Supergroup, comprising thick deposits of argilo-arenaceous
sediments exposed in both Son and Chambal Valley sections
(Sastri and Moitra, 1984).

A condensed section of the Semri Group of rocks (~80 meter)
is exposed in a few isolated hillocks in and around Chitrakut area
situated on the territory of Madhya Pradesh and Uttar Pradesh
(Singh and Kumar, 1978) (Fig. 1). The sedimentary history of
the area has been studied in detail by various workers (Auden,
1933; Narain 1970; Singh and Pal 1969; Singh and Kumar, 1978;
Safaya, 1975; Nautiyal, 1986; Nautiyal and Singh, 1990; Kumar

and Srivastava, 1991; Anbarasu, 2001b). Sedimentary succession
of the Semri Group in the Chitrakut area unconformably
exposed over the rocks of 2.5 Ga old Bundelkhand Granite-
Gneissic Complex (BGGC) which forms the northern limb of
Vindhyan syncline (Auden, 1933; Narain, 1970; Singh and Pal,
1970; Singh and Kumar, 1978; Safaya, 1975) and designated as
the Chitrakut Formation (Singh and Pal, 1970). In the southern
and southeastern part of the area, the Tirohan Limestone and
the Kaimur Sandstone form a NE-SW running escarpment
which is a prominent geomorphic feature of the area. Litho-
stratigraphically, the Chitrakut Formation has been classified
into seven members in stratigraphic order (Anbarasu, 2001b)
(Table 1). The Bundelkhand Granitic Complex is a coarse
grained pink, porphyritic and medium grained non porphyritic
granite exposed as inliers surrounded by pedi plain deposits of

Table 1: Generalized Lithostratigraphy of the Chitrakut area (after Singh and Pal, 1970; Anbarasu, 2001b).

GROUP FORMATION MEMBER AGE
Kaimur Kaimur Sandstone
Group Arkosic Sandstone

ANAAAANAAAAANAAANAANNAANAN EI‘OSIOHa
Tirohan Dolomite
Oolitic Dolomite

Peloidal Dolomite

Semri Group  Chitrakut Formation

VINDHYAN SUPERGROUP

Upper Glauconitic Sandstone

1 Unconfomity/\/\/\/\A/\/\/\/\A/\A/\/\/\/\A/\/\/\

1650+89 Ma Pb-Pb (Bengtson et al., 2009)

1409+14 Ma *Rb/*Sr
(Kumar et al., 2001)

Lower Stromatolitic Dolomite
Lower Glauconitic Sandstone
Glauconitic Limestone

1483+15 Ma ¥Rb/*Sr (Kumar et al., 2001)

Bundelkhand Granite Gneissic Complex
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SINGH AND SHARMA

EXPLANATION OF PLATE 1

1. Polished slab showing the contact between Bundelkhand Granite and Glauconitic Limestone Member of the Chitrakut Formation, Specimen No. BSIP
40288,

2. Photomicrograph of fossiliferous rock showing the contact between Bundelkhand Granite and Glauconitic Limestone Member of the Chitrakut Formation,
Slide No. BSIP 14144. Abbreviations : G- Granite; C- Chert; GL- Glauconite; Ac- Acritarch;

3. Photomicrograph of fossiliferous chert under plain polarized light, Slide No. BSIP 14144; 4. Photomicrograph of fossilferous chert under cross polars
showing amorphous chert and granite, Slide No. BSIP 14144.

Scale bar for figs. 1- 2 = 10 mm; figs. 3-4 = 100 um.
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Banda alluvium. Rocks overlying the Chitrakut Formation are
known as the Kaimur Sandstone and are not much in thickness.
Lateral juxtaposition of environmental belt proposed for the
rocks of Chitrakut Formation (Safaya, 1975). However, Singh
(1985) suggested fluctuation in depositional environment due
to syn-sedimentary sinking of the basin and lateral shifting of
the shallow marine environments. Anbarasu (2001b) studied the
Chitrakut Formation in detail and proposed shallow subtidal —
peritidal environmental complex, dominantly in peritidal setting.

AGE

Like other Purana basins of India, age of the Vindhyan
sedimentation is still the subject of considerable controversy
(Gregory et al., 2006; Azmi et al., 2007; Basu and Bickford, 2014,
Basu et al., 2008; Malone et al., 2008). Most of the published
dates are based on different geochronological systematics (U-Pb
TIMS, Ray et al., 2002; U-Pb SHRIMP, Rasmussen et al., 2002;
Pb—Pb dating of carbonate, Sarangi et al., 2004; Sr isotope, Ray
et al., 2003) that range from latest Palaeoproterozoic- Early
Mesoproterozoic age for the Semri Group (Ray, 2006). The
Chitrakut sediments are characterized by rich occurrence of
glauconite. Rb-Sr isotope dates of the glauconite range between
1531 + 15 Ma to 1409 = 14 Ma suggesting that the onset of
earliest Vindhyan sedimentation should not be later than 1600
Ma (Kumar et al., 2001). Recently, direct Pb—Pb isochron age
1650 £ 89 Ma of the Tirohan phosphorite - a dolomite unit just
above the Chitrakut Formation (Bengtson et al. 2009) and U-Pb
Zircon dates of the Deonar Porcellanite have yielded 1632 Ma
(Ray et al., 2002), confirmed the Late Palaeoproterozoic age of
the Lower Vindhyan.

PREVIOUS STUDIES

Several palaeobiological studies have been conducted
on the Semri Group. The report of triploblastic animal traces
(Seilacher et al., 1998) and Small Shelly Fossils of Cambrian
age (Azmi, 1998) have drawn global attention. These
discoveries challenged several established biotic evolutionary
understanding and thereby implied the existence of metazoan
life further deeper in geological time. The subsequent studies
(Hofmann, 2005; Prasad et al., 2005; Sharma, 2006) did not
corroborate these findings and interpretations; reinvestigation
of 1.6 Ga old phosphatic chert of the Tirohan Limestone of the
Semri Group of the Vindhyan Supergroup (Bengtson et al., 2009)
suggested the presence of shelly remains. Although enigmatic
palaeobiological remains are abundantly recorded from the
entire Vindhyan sediments (Venkatachala et al., 1996; Prasad et
al., 2005; Sharma 2006; Sharma and Shukla, 2009a and Singh
et al., 2009, 2011), yet very few reports are available from the
sediments of the Chitrakut Formation. Kumar and Srivastava
(1991), Anbarasu (2001a) and Singh et al. (2008) have recorded
microbiota (acritarchs) from the chert veins associated with
glauconitic limestone at the base of the Chitrakut Formation
but have not discussed their occurrence and significance.
Microstructures comparable to filamentous cyanobacteria from
the intraclasts associated with the phosophatic stromatolites
(Kumar, 1993) and calcareous algae of earliest Cambrian age (?)
were reported from the Tirohan Limestone (Joshi et al., 2006,
Azmi et al., 2007). Bengtson et al. (2009) restudied the fossils
and demonstrated that the skeletal fossils of Cambrian taxa are
real but more than one billion year old.

MATERIAL AND METHODS
To adjudge the significance of the earlier reported Organic-

Walled Microfossils, fresh samples were studied from the
non-stromatolitic chert bands occurring within the glauconitic
limestone of the Chitrakut Formation, a stratigraphic unit lying
below the well-dated Tirohan Limestone (1650 £ 89 Ma old)
of the Semri Group. The chert samples were collected from
the sections exposed on isolated hillocks of Bihara (Long:
25°11°01.1” N; Lat: 80 °49°23.6” E) and Sangrampur (Long:
25°10°45.2” N; Lat: 80°49°30.4” E) hillocks in Chitrakoot
district, Uttar Pradesh. The lithostratigraphic succession of the
Semri Group exposed over the weathered profile of Bundelkhand
Granite at these locations is: Glauconitic Limestone, Pelloidal
Limestone, Glauconitic Sandstone, Tirohan Dolomite followed
by the Kaimur Group in order of superposition (Plate I). The
microfossils bearing silicified carbonaceous chert band/lenses
(maximum thickness 0.5- 2.0 cm) are sandwiched between
Bundelkhand Granite and the Glauconite-bearing Limestone
(see Fig. 2). The present paper is based on the collections made
by VKS and late Manoj Shukla in 2006. Sharma, along with
a team of scientists, also made a collection of samples from
Sangrampur hillock during the International Field Workshop
organized by the Palaecontological Society of India in 2010.

Extensive Light Microscopic (LM) studies were conducted
on petrographic thin sections of the black silicified cherts. The
standard and modified palynological protocols of chemical
digestion of rocks (maceration), using 40% hydrofluoric acid
following (Grey, 1999) were applied and organic residue was
mounted on permanent strew slide through Canada Balsam
(R. I. = 1.5) on microscopic slides. Forty petrographic and
palynological slides were examined under transmitted light at
40X or 100X (under oil immersion lens) magnifications for
documenting the finer morphological details of microorganisms.
Size measurements were taken through eye piece micrometer.
Specimens were photographed on software supported digital
cameras Olympus DP 26 and Nikon DS-Fil respectively
mounted on Olympus BH2 and Nikon Eclipse 80i microscopes.

A few specimens from the macerated residue were hand-
picked for Scanning Electron Microscopic - SEM (Leo 430)
studies. The selected specimens were coated with a layer of
22 nm thick gold palladium. Many specimens are encrusted
by pyrite framboids and crystal growths, which sometimes
obscure observation of primary morphological features. All the
petrographic thin sections and palynological slides, associated
samples and photomicrographs have been deposited in the
repository of Birbal Sahni Institute of Palacobotany, Lucknow
(BSIP) vide statement no. BSIP-1367.

MICROPALAEONTOLOGY

The chert streaks from the Chitrakut Formation have
yielded majority of exceptionally well preserved Organic
Walled Microfossils (OWMs). These are chiefly constituted
of acanthomorphs followed by sphaeromorphic acritarch
belonging to Sphaeromorphida and Sphaerohystrichomorphida
subgroups. In taxonomic composition, the organic- walled
microfossils are excellent/good, three-dimensionally preserved,
slightly compressed due to mutual compressions and display
light brown to dark amber coloration of organic matter. The
yellowish brown to brown color of the microfossils is attributed
to the absence of severe geochemical degradation of organic
constituents (Staplin, 1961). On the size parameters, vesicles
are large (>100 um), ornamented, thick to thin walled, single
to multilayered, surface sculptures ranging from reticulate to
polygonal, honey comb like mesh. Sometimes compression and
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EXPLANATION OF PLATE I1

1 — 3. Morphology and wall structure of Shuiyousphaeridium echinulatum Yin and Gao, 1999 from the Chitrakut Formation.

la. Short membranous hairy processes on the periphery of the vesicle; 2 — Honey comb like reticulations on vesicle surface; 1b. Dark circular intracellular
inclusion (ICI) in vesicle; 3. Enhanced view of ICI showing nucleus covered by thin membrane. Scale = 50 um for each. Slide No. BSIP 14137, England
Finder No. Z30/4.
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Fig. 2. Lithostratigraphic columns of the Chitrakut Formation at Sangrampur (A) and Bihara hills (redrawn after Anbarasu,

2001b) showing sample locations.

compaction folds are observed on the vesicle wall and some loss
of process or deformation in specimens. Some vesicles hold
inclusion of well developed pyrite framboids ranging 5- 10 um.
A detailed microscopic observation of the cherts characterizes
a pale yellow colour matrix including excellent preservation
of microbial assemblage. Earlier, these OWMSs were identified
as Trachysphaeridium sp. (Kumar and Srivastava, 1991) and

Cymatiosphaeroides kullingii (Anbarasu, 2001a).

Group Acritarcha Evitt, 1963
Subgroup Herkomorphytae Downie, Evitt and Sarjeant, 1963
Genus Shuiyousphaeridium (Du, 1988) Yan, 1992 emend. Yin,
1997
(Bype species Shuiyousphaeridium macroreticulatum Yan in
Yan and Zhu, 1992 emend. Yin, 1997.)
Shuiyousphaeridium echinulatum Yin and Gao, 1999
(PL. 11, figs. 1-3; PL. 111, figs. 1-9; PL. 1V, figs. 4, 4a;
PL YV, figs. 1, 4)

Description: Vesicle sphaeroidal to ovoidal, circular in

cross section, covered by multilaminated wall, inner wall robust,
outer wall hyaline relatively thin, compact, with honey comb
like organization of short membrane like simple or fractured
hairy processes, vesicle surface reticulate, vesicle hollow or
containing a dark circular intra-cellular inclusion engulfed
within light coloured mucilaginous material close to the vesicle
wall. Vesicle diameter 128 - 286 pm, processes 5 - 20 um and
1 - 2 pum, intracellular inclusions range between 18 - 59 pm
(n=17). Processes numerous hollow, wide on distal end and
interconnected with adjacent process but not connecting with
the vesicle cavity.

Remarks: The present specimens are more or less similar in
morphology to the specimens of 1602 Ma old Ruyang Group,
China. Originally two species of Shuiyousphaeridium were
described from Baicaoping Formation of the Ruyang Group: S.
macroreticulatum and S. membraniferum (Yan and Zhu, 1992).
Later, Yin (1997) emended the diagnosis and merged the species
keeping S. macroreticulatum as the sole species of the genus
because membranous material was also incorporated in the
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EXPLANATION OF PLATE III

1 — 9. Shuiyousphaeridium echinulatum Yin and Gao in Petrographic thin sections (1 - 6) and macerated residue (7 - 9). Note that the pyrite framboid are
confined in the outer membrane. Scale bar for each figure is 50 um.

1. Slide No. BSIP 14138, England Finder No. M39/2; 2. Slide No. BSIP 14144, England Finder No. G39; 3. Slide No. BSIP 14139, England Finder No. Q29;
4. Slide No. BSIP 14140, England Finder No. K54/4; 5. Slide No. BSIP 14138, England Finder No. K42/1; 6. Slide No. BSIP 14144, England Finder No.
D38; 7. Slide No. BSIP 14146, England Finder No. V52/3; 8. Slide No. BSIP 14143, England Finder No. F42; 9. Slide No. BSIP 14143, England Finder No.
024/3.
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holotype. Another species of Shuiyousphaeridium echinulatum
was described by Yin and Gao (1999) from the same formation.
This species was having shorter unbranched processes and
devoid of outside membrane, conspicuously some of the
vesicles contain dark inclusion which was not reported from S.
macroreticulatum. Chitrakut acritarchs are closely comparable
with S. echinulatum except the outer membrane. Pyrite framboids
are conspicuously associated with processes on vesicle wall.
Exceptional preservation of pyrite framboids, confined in the
outer membranous region, suggest that these acritarchs were
flourishing in euxinic environment probably a lagoonal setting
where sulfur bacteria prompted the formation of pyrite in the
peripheral zones where exchange of dissolved mineral was
taking place. Presence of intracellular - inclusion in the vesicle
and multilayered wall differentiate Shuiyousphaeridium from
the Cymatiosphaeroides. Knoll (1984) reported such types of
fossils, as unidentified form, from the 700- 800 Ma old Hunnberg
Formation, Svalbard and compared with Chuaria circularis. The
nature of intracellular inclusion may be of biological origin as
proposed for the Ruyang acritarchs (Pang et al., 2013).

Stratigraphic distribution: Shuiyousphaeridium is widely
recorded from Palaeoproterozoic sediments of Ruyang Group,
China (Yan and Zhu, 1992; Yin, 1997; Yin and Gao, 1999) also
found in the Late Palaecoproterozoic to Early Mesoproterozoic
Chitrakut Formation, Vindhyan Supergroup.

Genus Cymatiosphaeroides Knoll, 1984 emend.
Knoll in Knoll et al., 1991
(Bype species Cymatiosphaeroides kullingii Knoll, 1984,
emend. Knoll in Knoll et al., 1991)
Cymatiosphaeroides kullingii Knoll, 1984, emend.
Knoll in Knoll et al., 1991
(P1. IV, figs. 9—11; PL. V, figs. 2, 5)

Description: Vesicle originally spheroidal in shape,
circular to sub-circular in cross section; vesicle wall thin,
unilayered; surface finely reticulated, covered with mesh of thin
solid cylindrical processes arising from the vesicle,1-2 um in
diameter, processes uniformly distributed over vesicle, appears
as membrane; intracellular inclusion absent. Inner wall diameter
96 - 187 um; process 8-11 um long (n = 15).

Remarks: The present specimen is similar in morphology
with  Cymatiosphaeroides  kullingii ~ recorded  from
Neoproterozoic carbonate deposits of Svalbard (Knoll, 1984).
However, specimens in the macerated residue are more or less
morphologically comparable with the > 742 Ma old Chuar
Group, Grand Canyon, Arizona (Nagy et al., 2009) and Lower
Vendian Vychegda Formation of East European Platform,
Russian (Veis et al., 2006). The Cymatiosphaeroides kullingii
has been widely recorded from the Neoproterozoic deposits (800
— 700 Ma) of Hunnberg and Ryssd Formation, Nordaustlandet,
Svalbard (Knoll, 1984); Canada (Allison and Awramik, 1989),
Tidal lagoon complex of Draken Conglomerate Formation,

Spitsbergen (Knoll et al., 1991; Butterfield et al., 1994); Alinya
Formation, Officers Basin, Australia (Zang, 1995); Deoban
Limestone Formation (Srivastava and Kumar, 2003); Lower
Vendian Vychegda Formation, East European Platform, Russia
(Veis et al.,, 2006) and Tidal influenced Kwagunt Formation,
Chuar Group, Arizona, USA (Vidal and Ford, 1985, Nagy
et al, 2009) and rarely reported from the Mesoproterozoic/
Palacoproterozoic deposits of India (Anbarasu, 2001a). Pyrite
crystals interlocked with the processes.

Stratigraphic distribution: Based on present fossil records
it can be considered a long ranging form which appeared in Late
Palacoproterozoic and continued up to the Neoproterozoic.

Subgroup Sphaeromorphitae Downie et al., 1963
Genus Trachysphaeridium Timofeev (1959), 1969
(Bype Species Trachysphaeridium attenuatum Timofeev,
1959)
Trachysphaeridium sp.
(P1. IV, figs. 1-3, 5-8; P1. 5, figs. 3, 6)

Description: Single, thin walled, compressed, hollow,
originally spherical vesicle; psilate or finely granular surface
texture with curvilinear folds; variable sized circular to
polygonal pores present on the vesicle, processes not present,
vesicle diameter 90 -210 um. Pores 3 - 4 pm in diameter, (n =
12), occurs as solitary isolated in matrix, extracellular mucilage
not present.

Remarks: Specimens of Trachysphaeridium are common
acritarch of many Neoproterozoic microfossils assemblages.
Morphological characteristics and vesicle diameter of the
described species are more or less similar to the reported
specimens of Neoproterozoic (700-800 Ma) Hunnberg Formation
of Svalbard (Knoll, 1984); Rysst Formation of Nordaustlandet,
Svalbard (Knoll and Calder, 1983) and from the Vindhyan
Supergroup, India (Prasad et al., 2005). Specimens recorded
from the Chitrakut Formation are larger in size that fit with the
description of Trachysphaeridium sp. A and Trachysphaeridium
sp. B. of Knoll (1984) and Knoll and Calder (1983).

Stratigraphic  distribution: Widely reported from the
Neoproterozoic (700- 800 Ma) sediments, also noted in the Late
Palacoproterozoic Chitrakut Formation.

DISCUSSION

Proterozoic early digenetic cherts are considered as
storehouse of varied types of micro and macrofossils that play a
key role in understanding the evolution of eukaryotic life in deep
time (Sergeev, 2009). The earliest eukaryotes are considered to
be morphologically simple and single celled organisms (Xiao,
2013). In the present study, three species of well-preserved
large, ornamented acritarchs Shuiyousphaeridium echinulatum;
Cymatiosphaeroides kullingii and Trachysphaeridium sp.
are described from the Late Palacoproterozoic chert of the
Chitrakut Formation of the Semri Group, Vindhyan Supergroup.
Although Cymatiosphaeroides kullingii and Trachysphaeridium

EXPLANATION OF PLATE IV

—

13,5 -8. Trachysphaeridium sp. population in thin sections (1 - 3) and macerated residue (5- 8); 4. Shuiyousphaeridium echinulatum Yin and Gao; 4a.
Circular pits and reticulate ornamentations on the vesicle; 5-8. Medial splitting in the vesicle; 9—11. Cymatiosphaeroides kullingii Knoll. 10, 11. Note that
the Pyrite framboid confined in the outer membrane. Scale bar for each figure is 50 pm.

1. Slide No. BSIP 14141, England Finder No. N29; 2. Slide No. BSIP 14138, England Finder No. N45; 3. Slide No. BSIP 14142, England Finder No. C43/4;
4. Slide No. BSIP 14145, England Finder No. O40/1; 5. Slide No. BSIP 14147, England Finder No. G45/4; 6. Slide No. BSIP 14148, England Finder No.
V37/4; 7. Slide No. BSIP 14145, England Finder No. N57; 8. Slide No. BSIP 14147, England Finder No. W26; 9. Slide No. BSIP 14144, England Finder No.
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sp. were earlier reported from the Chitrakut Formation (Kumar
and Srivastava, 1991; Anbarasu, 2001a) yet their antiquity
and affinity, were not discussed. Both the taxa are common in
various Neoproterozoic successions across the world (Knoll,
1984; Allison and Awramik, 1989). Several morphotypes
recorded from the Proterozoic successions are claimed as
having eukaryotic affinities but among them the acritarchs have
indisputably considered as best eukaryotic candidate. If the
Chitrakut OWMs are indeed acritarchs and not the characteristic
Neoproterozoic forms than what are the reasons for their
occurrence in Palaeoproterozoic sediments and significance
thereof. In the following text we discuss these aspects of the
Chitrakut acritarch assemblage in the context of three broad
Proterozoic time divisions: Palacoproterozoic, Mesoproterozoic

and Neoproterozoic.
In recent years, exceptionally well-preserved structurally
complex ornamented acritarchs assemblages, bearing

irregularly distributed processes of varying shape with
complex ultrastructure, are recorded from the Ediacaran (late
Neoproterozoic) sediments of Australia, China, Siberia, Russia
and India (Zhang et al, 1998; Knoll et al., 2006; Willman
and Moczydtowska, 2008; McFadden et al, 2008; Sergeev
et al, 2011). These are known as Ediacaran Complex of
Acanthomorphic Palynoflora (ECAP) — some of which have
alternatively been related to be the egg cysts of invertebrate
metazoans (Cohen et al., 2009). The assemblages of this time
period show extraordinary taxonomic diversity that represent
pronounced diversification of major eukaryotic clade in late
Neoproterozoic biosphere after global cooling (Nagy et al.,
2009). Compilation of total diversity (Vidal and Moczydtowska,
1997), assemblage diversity (Knoll et al., 2006) and morpho-
space occupation (Huntley et al., 2006) indicates that the
acritarchs were moderately diverse and wide spread (Knoll
et al., 2006) in older sediments (Meso-Palacoproterozoic).
Based on higher acritarchs diversity in the Neoproterozoic
time palaeontologist contended that eukaryotes did not evolve
until 850 Ma (Cavelier-Smith, 2010). This time period includes
richness of unornamented sphaeromorphs and process bearing
acritarchs (Javaux and Marshall, 2006).

Mesoproterozoic sedimentary rocks contain abundant, but
modest diverse fossils of probable eukaryotic origin (Javaux,
2011). Shales occurring in ~1600 Ma and younger sequences
contain microfossils that combine large size (> 100 pm) with
complex ultrastructure, structurally complex ornamented cell
wall and surface processes of varying forms (Yin ez al., 2005).
Various sphaeromorphic, acanthomorphic and netromorphic
acritarchs have been reported from the sediments of this time
span. Large cell size, once considered as pointer of eukaryote’s
existence is only suggestive evidence and not unequivocally
accepted because most of the modern single celled eukaryotes
are >10 — 20 pm in diameter while most of the prokaryotic cells
are also > 50 - 100 pm in diameter (Javaux et al., 2003; Buick,
2010). Ornamented acritarch Shuiyousphaeridium is one of the
oldest best preserved and morphologically complex acritarch
that existed in anoxic and sulfidic Palaecoproterozoic oceans. Yan
(1995) described Shuiyousphaeridium (size 50 — 250 um) with
ridged walls, made up of regularly packed hexagonal plates from
the 1.6 Ga Ruyang Group (Pang ef al., 2013). Three species viz.
S. macroreticulatum (Yin, 1997), S. echinulatum (Yin and Gao,
1999), S. pilatum (Meng et al., 2012) have been differentiated
from each other by their vesicle size and processes arrangement.
Chitrakut OWMs include abundance of Shuiyousphaeridium

echinulatum, which is morphologically characterized by large
size vesicle (128 - 286 um), having short unbranched processes
(5 - 20 pm) and intracellular inclusions (18 - 59 um) within the
vesicle. This form was originally reported from the Baicaoping
Formation of Ruyang Group exposed in southern margin of
North China (Yin and Gao, 1999). Shuiyousphaeridium contains
nucleus like dark, circular intra-cellular inclusion.

Besides large size, there are other features which are
considered important in establishing an entity as eukaryote viz.,
complex surface ornamentation, spiny processes extending from
the surface, excystment ruptures, complex wall ultrastructure,
or specific hydrocarbon biomarker geochemistry (Buick, 2010).
In modern biology, the nucleus is the characteristic feature
of eukaryotes on which basis they are differentiated from
prokaryotes. Are these nuclei similar to modern eukaryotes?
What is their origin? In a study of Ruyang Group acritarchs,
Pang et al. (2013) have suggested the biological origin for the
intracellular inclusion present in Shuiyousphaereidium and
Dictyosphaera. The comparison suggests that the morphological
complexity and the presence of intracellular inclusions, which
may represent a nucleus in the Shuiyousphaeridium, denote the
presence of eukaryote in the Proterozoic strata.

In addition, the Chitrakut Organic-Walled Microfossils
include two other ornamented acritarchs Cymatiosphaeroides
and Trachysphaeridium. Such ornamented acritarchs are
generally found in the Neoproterozoic successions (800-700
Ma) of Canada, Spitsbergen, USA (Arizona), Sweden and
Russia (Vidal, 1976; Knoll, 1984; Allison and Awramik, 1989;
Knoll et al, 1991; Butterfield et al, 1994; Zang, 1995; Veis
et al., 2006; Voroveba et al., 2009; Nagy et al., 2009). They
have also been found in Palacoproterozoic Ruyang Group,
China (Yin and Gao, 1999) and India (Kumar and Srivastava,
1991; Anbarasu, 2001a; Singh et al., 2008). A rare occurrence
of Trachysphaeridium has also been noted from the Archaean
sediments of northern Karelia (Astafieva et al, 2005).
Herkomorphic acritarch Cymatiosphaeroides kullingii is second
most abundant elements in the Chitrakut OWMs. It is a common
constituent of shallow marine Neoproterozoic OWM assemblage
(Knoll, 1984; Knoll et al, 1991; Allison and Awramik, 1989;
Nagy et al.,, 2009) but also known from the Mesoproterozoic
sediments (Anbarasu, 2001a). Yin and Gao (1999) have reported
Cymatiosphaeroides pilatopilum and Cymatiosphaeroides sp.
from the Mesoproterozoic Baicaoping Formation of Ruyang
Group of North China. C. pilatopilum was originally reported
from the Neoproterozoic Amadeus Basin, Australia (Zang and
Walter, 1992). If these are, in fact, the Neoproterozoic fossils
occurring in Late Palaeoproterozoic to Early Mesoproterozoic
strata, then their presence in the Chitrakut Formation has a
great significance in terms of understanding of the advent and
antiquity of eukaryotes. On the basis of present occurrence and
earlier reports (Yin and Gao, 1999) we suggest their origin in
the Late Palacoproterozoic and their subsequent diversification
in the Neoproterozoic.

Other convincing eukaryotic fossil includes Tappania plana,
a vesicle with numerous spiny processes in the Mesoproterozoic.
It was also described from the coastal facies of the Ruyang
Group, China (Yin, 1997), subsequently reported from the
Bahraich Group in India (Prasad and Asher, 2001), Siberia
(Nagovitsin, 2009) and Roper Group in Australia (Javaux et al.
2001, 2003) and also found in the Wynniatt Formation, Arctic
Canada (Butterfield, 2005). Tappania extends up to 160 um in
diameter and is characterized by hollow cylindrical processes



Journal of the Palacontological Society of India
Volume 59(1), June 2014

SINGH AND SHARMA

Plate V

EXPLANATION OF PLATE V

Scanning Electron Microscopic (SEM) images showing ultrastructure of the Chitrakut OWMs.
1. Shuiyousphaeridium echinulatum Yin and Gao; 2. Cymatiosphaeroides kullingii Knoll; 3. Trachysphaeridium sp.; 4. Enlarge view of S. echinulatum
showing the reticulate vesicle wall; 5. Vesicle surface of C. kullingii showing processes arrangement; 6. Details of Trachysphaeridium sp. vesicle surface.

Scale bar for figs. 1- 3 =50 um; figs. 4-6 = 10 pm.

with extended tips. They are considered as eukaryotes based on
Light Microscopy (LM) and Transmission Electron Microscopy
(TEM) investigations (Javaux et al., 2004). Tappania has also
been recorded from the Neoproterozoic (~ 850 Ma) sediments,
however, they show complex multicellularity and assigned as
precursor of fungi (Butterfield, 2005; Nagovitsin, 2009) but
its affinity is still viewed as uncertain because of the limited
number of systematically informative characters (Knoll et al.,
2006). Additional OWMs of Mesoproterozoic includes Valeria
lophostriata - a sphaerical vesicle with concentric striations - is
one of the examples which is found in the sediments of ~ 1650
Ma (Javaux et al., 2004) to ~700 Ma (Hofmann, 1999); Navifusa
segmentatus — is a form having elliptic outline having linear
transverse striations on the surface, these are recorded extensively
from the various Mesoproterozoic successions in Australia,
north China, Siberia, Greenland, and North America (Hofmann
and Jackson, 1994, 1996; Javaux et al., 2001, 2004; Nagovistin,
2009). Two other ornamented acritarchs taxa viz., Sipromorpha
segmentata and Disctyospahera delicata with complex
morphology were also recorded from the Mesoproterozoic
sediments and their affinity were assigned as eukaryotes

(Knoll et al., 2006). In addition, the sphaeromorphic acritarchs
Dictyosphaera and Tasmanites includes complex morphological
features, such as rounded opening and striated ornamentation
on the vesicle surface which can be attributed to eukaryotic
affiliation. Recent studies indicate that the Palacoproterozoic
acritarchs had low diversity from the first occurrence. Most
of the recorded species are known from the shales of shallow
marine depositional environment. Yan and Liu (1997) have
reported acritarchs and multicellular microfossils assemblages
comprising dominantly of Qingshania magnifica, Thecatovalvia
annulata and Valvimorpha annulata from the Chuanlinggou
Formation of China. They suggested the eukaryotic affinity
for these acritarchs on the basis of concentric striations and
cytoskeleton system. Additionally, Lamb et al (2009) have
reported large sphaeromorphic acritarchs assemblages from
the ~1800 Ma old Changzhougou Formation of north China, as
oldest possible eukaryotic attributes on the basis of medial split,
variation in cell wall structure and wall flexibility. Additional
Organic-Walled Microfossils Tappania, Cyamatiosphaeroides
and Trachyhystrichosphaera have also been recorded from the
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Beidajian Formation of the Palacoproterozoic Ruyang Group,
China (Yin ef al., 2005).

The overall fossilized features that are consistent with
eukaryotic affinity include a combination of a large size, the
presence of complex morphological features, wall structures
or ornamentation, or typical excystment structures unknown
in Prokaryotic organisms (Buick, 2010; Strother et al., 2011).
The Chitrakut microfossils are characterized by abundance of
Shuiyousphaeridium echinulatum. It was originally reported as
large circular to sub-circular vesicle (170 um), having densly
arranged short cylindrical processes, containing dark circular
inclusion. Together with other members of the assemblage, the
Chitrakut OWMs are large in size having complex morphological
features and ornamentation on the basis of which these can be
attributed to eukaryotic affinity. Record of Shuiyousphaeridium
from the Chitrakut Formation represents third and possibly
the oldest occurrence of acanthomorphic acritarchs during
Palaeoproterozoic outside China and Australia.

CONCLUSIONS

The discovery of Ruyang type microbiota from the Chitrakut
Formation of the Semri Group represents an evolutionary
innovation in the early eukaryotes in the Proterozoic biosphere.
Morphological complexity suggests eukaryotic affinity for
the Chitrakut microfossils. Most of the species found in the
Chitrakut Formation are more or less similar to those found in
Neoproterozoic but their occurrence in deep time suggests their
origin in latest Palaeoproterozoic time and subsequent diversity
in Neoproterozoic through Mesoproterozoic. The Chitrakut
assemblage represents first occurrence of Shuiyousphaeridium
type acritarch assemblage in the Vindhyan Supergroup.
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