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A highly diversified, advanced and exceptionally well preserved microfossil assemblage,
dominated by a planktic community, has been recorded from petrographic thin sections of chert
belonging to the Sirbu Shale Formation, Bhander group, upper Vindhyans, Rajasthan. Recently,
it was noticed that the assemblage also contains well preserved, large-sized acanthomorphic
acritarchs, Trachyhystrichosphaera considered to be an age-marker microfossil of the Cryogenian
(850–630 Ma). It is reported for the first time from any Indian microfossil assemblage of Proterozoic
succession. The other microfossils of the Sirbu Shale Formation are: well preserved simple, small
and large-sized sphaeromorphs; complex acanthomorphs, cyanobacterial community; especially a
very small-sized but exceptionally well preserved Obruchevella, a form resembling Volvox colonies;
cf. vase-shaped microfossils and morphologies, possibly inclining towards fungal affinity, or lichen-
like symbiotic associations of algae and fungi. Till date, Trachyhystrichosphaera has so far not
been reported from successions older than the Tonian (1000–850 Ma). It is believed that acantho-
morphs attained maximum size in Ediacaran (630–542 Ma), and further decreased in size in the
Cambrian. The global paleontological literature indicates that Trachyhystrichosphaera ranges in
age from Tonian–Ediacaran (1000–542 Ma).

The present record of Trachyhystrichosphaera as well as the earlier studies of micro and mega-
scopic life of the Bhander Group in general and the Sirbu Shale in particular (aided by the absence
of any Cambrian fossil record) indicate that in all possibilities, age of the Sirbu Shale should lie near
Cryogenian (850–630 Ma) and the uppermost Bhander group, may incline towards the Ediacaran
(630–542 Ma).

1. Introduction

It is now believed that the key to understand
the early evolution of eukaryotes lies in the
Proterozoic fossil record. The dominating microbial
communities of this time were cyanobacteria,
which show conservatism throughout the geological
record. Other microbial communities are repre-
sented by protists, many of which are catego-
rized as acritarchs. These are a heterogeneous,
polyphyletic collection of organic-walled microfos-
sils of unknown biological affinities. Morphologi-
cally, these forms exhibit a central cavity enclosed
by a wall of single or multiple layers, chiefly of

organic composition (Evitt 1963). Acritarchs can
also be defined as vegetative and reproductive walls
of unicellular protists, predominantly phytoplank-
tonic (Knoll 1994; Vidal and Moczydlowska-Vidal
1997). A large number of Proterozoic acritarchs
are demonstrably benthic (Butterfield 1997, 2001)
and of larger size compared to their Phanerozoic
counterparts. Huntley et al (2006) inferred that
“Acritarch body size increased significantly by the
middle/late Cambrian (though not to the size seen
in the Late Neoproterozoic)”. They also inferred
that “data do not support a monotonic increase
in maximum diameter of acritarch vesicles through
the Proterozoic; instead the maximum vesicle
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Table 1. Generalised lithostratigraphy of the Vindhyan
Supergroup (following Prasad 1984).

Bhander Group Dholpura Shale

Balwan Limestone

Maihar Sandstone/Upper Bhander
Sandstone

Sirbu Shale

Bundi Hill Sandstone

Samria Shale

Lakheri Limestone/Bhander
Limestone

Ganurgarh Shale

Rewa Group Upper Rewa Sandstone

Jhiri Shale

Lower Rewa Sandstone

Panna Shale

Kaimur Group Dhandraul Quartzite

Scarp Sandstone and Conglomerate

Bijaigarh Shale
Susnai Breccia

Upper Quartzite

Lower Quartzite

Unconformity

Semri Group Rohtas Formation
Kheinjua Formation/Chorhat

Formation

Porcellanite Formation

Kajrahat Limestone

Basal Formation

Unconformity

Bijawar Group Phyllites

diameter appears to fluctuate in the Proterozoic
before decreasing significantly in the early Cam-
brian”. They are very useful in biostratigraphic
correlation, as well as in paleobiogeographic and
paleoenvironmental studies (Knoll and Butterfield
1989; Mendelson and Schopf 1992).

The genus Trachyhystrichosphaera was esta-
blished by Timofeev et al (1976) for microfossils
from the upper Riphean Lakhanda Formation of
eastern Siberia. According to Butterfield et al
(1994), Trachyhystrichosphaera is restricted to the
Late Riphean. The other occurrences are: from the
Shorikha Formation, Siberia (Neoproterozoic age,
Sergeev 1999); from the Scotia Group, Hunnberg
Formation and Svalbard (upper Riphean–Vendian
age, Knoll 1984, 1992). Knoll (1996), listed it as
being present in the Tonian (1000–850 Ma), which
may also range into the Cryogenian (850–630 Ma);
from the Tindir group, Alaska, (upper Riphean,
Allison and Awramik 1989); from the Turukhansk
uplift, Siberia (late Riphean age, Sergeev 1999);
from the Officer Basin, Australia (Ediacaran
age, Willman and Moczydlowska 2007; Zang
1995) and from the Xiaofenghe section of the
Doushantou Formation, China, where the genus

possibly extends to just above the Nantuo glacia-
tion (∼580million years, Ediacaran age, Yin et al
2007; Zhou et al 2007). Golubkova and Raevskaya
(2005) suggested 600 Ma age (base of Ediacaran)
for the genus, recorded from Russia. Therefore, the
genus is now known to occur globally in rocks of
Tonian to Ediacaran (1000–542 Ma) age.

Tappan (1980) suggested that the vesicle-
producing stage of Trachyhystrichosphaera was
metabolically active and capable of continued
growth. Among extant algae this phenomenon is
seen in the prasinophycean algae. The life cycle of
prasinophytes alternates between a motile phase
and a nonmotile, phycoma-producing stage (with
a degradation-resistant wall that expands as the
enveloped cell grows).

According to Knoll (1984), Trachyhystricho-
sphaera is one of the most complex acritarch known
from Precambrian successions. It is considered as
a eukaryote, but its systematic position is still not
clear.

According to Butterfield (2005), the absence
of excystment structures and evidence of vegeta-
tive growth (processes) in some acritarchs may
indicate their multicellular grade of organization.
Germinosphaera, Tappania and Trachyhystricho-
sphaera are the representative forms of such organi-
zation. He has also suggested a fungal affinity for
Trachyhystrichosphaera.

Well-preserved micro and megafossils repre-
sented by; cyanobacteria, acritarchs, carbonaceous
megafossils, have already been reported from
Bhander group, upper Vindhyan (Kumar and
Srivastava 1997, 2003; Prasad 2007). Ediacara
fauna is reported from the Lakheri Limestone and
Sirbu Shale Formations of the Bhander group,
exposed in central India (De 2003, 2006) and from
the Bundi Hill Sandstone, the Bhander group,
Rajasthan (Srivastava 2006, Prof. H J Hofmann,
convinced with the identification of few disc-shaped
fossils Aspidella, in a personal communication).
Beltanelliformis (body fossil) and Arumberia
(a typical organo-sedimentary structure) of Edi-
acaran or latest Neoproterozoic age (Glaessner and
Walter 1975; Mcllroy and Walter 1997; Mcllroy
et al 2005) is also recorded from the Maihar Sand-
stone, central India (Kumar and Pandey 2008a,
2008b). The present paper reports well preserved
process-bearing acritarchs Trachyhystrichosphaera
from the petrographic thin sections of chert,
belonging to the Sirbu Shale Formation, Bhander
group, Rajasthan.

2. Geological setting

The Vindhyan Supergroup is about 4000 meters
thick, and is the least metamorphosed sedimentry
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Figure 2. Geological map of the Sirbu Shale showing the sample location of the fossiliferous chert (simplified after Prasad
1984).

succession in central India. It is distributed in
a sickle-shaped pattern around the Bundelkhand
Massif (Auden 1933), in total occupying an area
of about 104, 000 km2 (figure 1). The exposures
occur in patches, forming elevated hillocks and
extended ridges on flat terrains in parts of Madhya
Pradesh, Uttar Pradesh, Bihar and Rajasthan
states. The supergroup is conventionally subdi-
vided into four groups, viz., the Semri group, the
Kaimur group, the Rewa group and the Bhander
group (Sastry and Moitra 1984; Prasad 1984; Soni
et al 1987). Each group is further divided into for-
mations and members (see table 1). Traditionally

the Semri group is synonymous with lower Vin-
dhyan, whereas the other three groups are under
upper Vindhyans. Overall lithology is represented
by calcareous, argillaceous and aerenaceous sedi-
mentary rocks (figure 2). The supergroup uncon-
formably overlies the Bundelkhand Granite and
metasediments of the Bijawar group, and is about
2500 Ma in age (Crawford and Compston 1970;
Mandal et al 2002).

In Rajasthan, the Sirbu Shale Formation is well
developed and exposed in parts of Bundi dis-
trict. It is conformably underlain by the Bundi
Hill Sandstone and overlain by the upper Bhander
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Figure 3. Lithological column of the Sirbu Shale containing
fossil bearing chert.

Sandstone (figure 2). Samples of fossil-bearing
chert have been collected from an outcrop, exposed
exactly at the 6 km mark from Bundi, along
the Bundi–Chittorgath road. Chert occurs in the
form of thin lenses in between the dolomitic
limestone/dolostone (stromatolitic at palces) asso-
ciated with microbial laminites (figure 3). The
lithostratigraphic succession of the Vindhyan
Supergroup in Son Valley, central India and
Chambal Valley, Rajasthan (following Prasad
1984) is given in table 1.

3. Age of the Vindhyan Supergroup

Age of the Vindhyan Supergroup is still a matter
of debate, especially the upper age limit. Conven-
tionally, it is considered to be Palaeo-Neoproterzoic
(see Venkatachala et al 1996; Sharma 2003). Record
of triploblastic animal traces (Seilacher et al 1998)
and small shelly fauna (Azmi 1998), created a hot
debatable issue (Brasier 1999; Kerr 2002; Conway
Morris et al 1998; Hofmann 2005). On the basis of
data available, age dispute of the lower Vindhyans

is almost resolved, but age of the upper Vindhyans
is still debatable (Ray 2006; Malone et al 2008).

4. Methodology and repository

Microfossils, including Trachyhystrichosphaera
have been studied in petrographic thin sections of
chert, collected from the fossil bearing horizon of
study area (figure 2). Photomicrographs have been
taken using the Leica-Quantimat microscope.
Reference thin sections have been deposited in the
Museum, Centre of Advanced Study in Geology,
University of Lucknow, Lucknow, India.

5. Morphological description

The microfossil assemblage of the Sirbu Shale For-
mation, Rajasthan comprises a number of process-
bearing acritarchs (acanthomorphs). Among these
acritarchs, possibly an age-marker form, identified
as Trachyhystrichosphaera, consists of a large-
sized-organic-walled vesicle with sparsely placed,
unbranched, hollow processes, prominent inner
body and well preserved double wall (figure 4A).
Very little difference is marked among the two
species of this particular genus, viz., Trachyhystri-
chosphaera aimika (Timofeev et al 1976), which
has no outer membrane, only the inner membrane
is present, whereas outer and inner membranes are
well preserved in Trachyhystrichosphaera vidalii
(Knoll 1984). Allison and Awramik (1989) erected
a new species T. magna on the basis of vesicles’
large size. The author agrees with Butterfield et al
(1994) in placing T. vidalii as a junior synonymy
of T. aimika and interprets that the difference
in both species may be taphonomic. In all three
species, the morphology is represented by a spher-
oidal vesicle with tubular, non-septate, hollow
processes (figure 4B, F, G) originating from the
inner vesicle wall. Processes have no internal sep-
tum to separate the process interior from the vesi-
cle lumen. Processes are cylindrical and slightly
taper towards the apex (figure 4B, F, G). The
diameter of the vesicles varies between 290–625µm
in the present assemblage (figure 4A, E). The inner
body is preserved in one specimen (figure 4A,
C). Folding can be seen in both the outer and
inner wall (figure 4D). The length of processes
varies between 15 and 45 microns, the width varies
between 6 and 12 microns (figure 4B, F, G). In
the present assemblage, although there are four
such acanthomorphs, three of them resembling
Trachyhystrichosphaera aimika, one exhibits larger
size, comparable to T. magna (other features are
comparable to T. aimika) and one with T. vidalii.
However, considering their implication for age
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Figure 4. Photomicrographs of Trachyhystrichosphaera sp. with and without inner body, showing a magnified view of
the processes, wall structure and inner body. (A) Trachyhystrichosphaera sp., slide no. Bn-3, co-ordinates 16.4/ 71.4.
(B) Cylindrical process extending to the outer membrane and showing a distal opening, there is no tapering at distal end,
slide no. Bn-3, co-ordinates 16.4/ 71.4. (C) Inner body, slide no. Bn-3, co-ordinates 16.4/ 71.4. (D) Folding in inner wall,
slide no. Bn-3, co-ordinates 16.4/ 71.4. (E) Trachyhystrichosphaera sp. without inner body, slide no. Bn-3, co-ordinates
18.7/ 68.9. (F) Process tapered at distal end, slide no. Bn-3, co-ordinates 16.4/ 71.4, and (G) Bud-like process, slightly
tapered at outer margin, slide no. Bn-3, co-ordinates 18.7/ 68.9.

estimation at generic level, these are not being
further classified and described at specific level.

6. Discussion and conclusion

Trachyhystrichosphaera displays an inner body,
which is also preserved in the present assemblage.
It was interpreted that each vesicle probably con-
sisted of a single large cell, which was metabolically
active, altering the morphology of its vesicle as it
grew.

The large size is consistent with a eukaryotic,
possibly prasinophyte algal origin. Exceptionally

large specimens (>600microns), likely to be
comparable with prasinophytes to some extent
(Tappan 1980; Vidal and Knoll 1983).

The absence of excystment structures and the
evidence for vegetative growth (processes) in some
acritarchs may indicate multicellular grade of
organization, Butterfield (2005).

According to Butterfield (2005), “Trachyhystri-
chosphaera has long defied taxonomic placement
despite its distinctive morphology”. He considered
it to be of fungal affinity. Trachyhystrichosphaera
is characterized by:

• a conspicuously large and variable central
vesicle,
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• a conspicuously variable number and distri-
bution of heteromorphic, usually open ended
processes,

• absence of excystment structures,
• a tendency to develop outgrowth from the cen-

tral vesicle, sometimes to the extent of forming
secondary vesicles (this feature is not observed
among the specimens of present assemblage).

Butterfield (2005) compared Trachyhystrichos-
phaera, with Tappania (a branched processes bear-
ing acritarch), and suggested that the two taxa
may share a common body plan to some extent,
except distal branching in processes of Tappa-
nia. According to Butterfield and Rainbird (1998),
“Trachyhystrichosphaera can be considered as an
index fossil for latest Neoproterozoic period”. They
may be useful in biostratigraphic correlation, as
well as palaeobiogeographic and palaeoenviron-
mental studies (Sergeev 1999). Because acritarchs
represent the fossil record of the base of the
marine food chain during the Proterozoic and
Paleozoic, they must have played an important role
in the evolution of the global marine ecosystem.
According to Sergeev (2006), acanthomorphs are
biostratigraphically significant organisms for both
late Riphean and Palaeozoic. Yin et al (2007), sug-
gested ∼580Ma age for Trachyhystrichosphaera,
reported from the Xiaofenghe section of the
Doushantuo Formation, China, on the basis of
stratigraphic distribution of large acanthomorphs.

In addition to Trachyhystrichosphaera, the other
significant microfossils of the Sirbu Shale assem-
blage are: Cymatiosphaera, Trachyhysphaeridium,
leiosphaerids and large-sized unidentified, orna-
mented vesicles, a small species of Obruchevella,
specimens cf. vase-shaped microfossils and Volvox
colonies (Srivastava, unpublished data). Pres-
ence of Trachyhystrichosphaera and ornamented
acritarchs (>600µm to 1000µm in diameter) in
the Sirbu Shale assemblage, and their compari-
son with other global occurrences, may suggests
its age near Cryogenian (850–630 Ma). Ediacaran
fossils (De 2003, 2006, Srivastava – unpublished
data), along with Beltanelliformis and Arumbe-
ria reported from the Bhander group (Kumar and
Pandey 2008a, 2008b), are the supporting para-
meters for the age estimation of the Bhander
group. All these evidences collectively suggest, that
the uppermost Bhander group of the Vindhyan
Supergroup, may possibly lie near Ediacaran age
(630–542 Ma), which may also represent the upper
age limit for the Vindhyan Supergroup.
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