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The upper age limil of lhe Vindhyan Supergroup is yet a point of debale. The evidences from slruclural biological remains,
megafossils and organic-walled microfossils, from the Bhander Group support lhe view thaI lhe upper age limit of Vindhyan
Supergroup does not extend beyond Vendian. This fact also gels support by lhe absence of Ediacaran fauna and vendolaenids
in Bhander. All the evidences now point to the fact lhat the deposilion of lhe Vindhyan sedimenrs ceased before the
Precambrian/Cambrian Transition inlerval.
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THE age for the upper limit of the Vindhyan sediments
had been a controversial topic since long. Geologists,
palaeobiologists and physicists have given different
opinions. Oldham (1893) suggested a Cambrian
age for the Vindhyan. Auden (933) stated that
the age of the Vindhyan may be anything from
Algonkian to Devonian. Sitholey etat. (953) assigned
a Cambrian age to Upper Vindhyan. Boileau (quoted
in Krishnan & Swaminathan, 1959) considered the
topmost bed of Vindhyan to be Lower Carbon
iferous. Salujha (982) on the basis of palynological
studies, extended the upper limit of the Vindlwan up
to Early Silurian.

Contrary to this, Sarkar et at. (964) conSidered
the upper age limit of the Vindhyan to be less than
600 Ma because they unconformably overlie the
folded Malani Rhyolites. Maithy and Mandai (983)
assigned a Late Proterozoic age to Shikaoda Sandstone
(= Upper Bhander Sandstone). Later, Maithy and
Meena (989), on the basis of their biotic studies,

considered the upper limit of the Vindhyan to be 600
Ma. Rao et at. (977), on the basis of their study on
stromatolites put the age of Upper Vindhyan from
900-600 Ma.

Geophysical dates are not available for the upper
part of the Bhander Group. The only date available
is by the fission track method for Bundi Hill Sandstone
(= Lower Bhander Sandstone), i.e., ± 650 Ma
(Srivastava & Rajagopalan, 1988). Crawford and
Compston (1970), on the basis of their Rb/Sr isochron,
put a younger age limit (550) Ma for the uppermost
Vindhyan bed.

The Bhander Group is the youngest group of the
Vindhyan Supergroup. The generalised
lithostratigraphic scheme for the different formations
of Bhander Group are detailed below (after Sastry &

Moitra, 1984). This scheme is useful for large part of
the Vindhyan Basin. Slight modifications owing to
the absence or addition of one or two formations
may be required in other areas of the basin.
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BHAVPURA SHALE FORMATION
(= DHOLPURA SHALE)

BALWAN LIMESTONE FORMATION

(= UPPER BHANDER LIMESTONE)

SHIKAODA SANDSTONE FORMATION
(= UPPER BHANDER SANDSTONE)

SIRBU SHALE FORMATION

BUNDI HILL SANDSTONE FORMATION
(= LOWER BHANDER SANDSTONE)

LAKHERI LIMESTONE FORMATION
(= LOWER BHANDER LIMESTONE)

GANURGARH SHALE FORMATION

BIOTIC ANALYSIS

Ganurgarh Shale Formation

Maithy and Babu 0993, p. 49) recorded organic
walled microfossils from an outcrop exposed along
the railway cutting about 2 km west of Mid-Ghat,
Bhopal District, Madhya Pradesh. The recorded
OWM are remarkable and comprise acritarch (simple
with incipient processes), tubular filament and
multicellular sheath. The acritarch are Leiosphaeridia
sensu Jankauskas, Granomarginata, Symplas
sosphaertdium, Vavosphaeridium, Nucellospha
ertdium and Cymatospheroides. The filamentous
tubular forms are represented by aseptate simple
tubes clumped together in filamentous sheath,
comparable to Polythricoides lineatusJankauskas.

This assemblage resembles the Neoproterozoic
of Arcoona Quartzite Member of the Tent Hill
Formation, South Australia (Damassa & Knoll, 1986);
grey blacksl1ales of Kubis and Schwarrand subgroups
of the Nama Group (Germs, Knoll & Vidal, 1986);
Upper Vendian of Baltic region (Volkova, 1969;
Korkutis, 1981); Assemblage III, Upper Redkino in
the bore holes of Zimne Gorey in the Valdai Series,
north western Arkhangelesk District (Ragozina &
Sivertseva, 1990).

Lakheri Limestone Formation (= Lower
Bhander Limestone)

Interesting macrofossils (structural biological
remains and ?ichnofossils) and organic-walled
microfossils are now better known. ,OWM were
recorded previously by Maithy and Gupta (1983) and
Maithy and Meena (989). The reported forms are as
follows.

Algae- Sphaerophycusparvum, Myxococcoides
pSilata

Septate tubularforms- Biocatenoides sphaerula,
Gun./ltntta minuta

Aseptate tubular forms - Eomycetopsis sp.,
Animikiea septata

Acritarch - Protosphaertdium, Orygmatospha
eridium, Kildinosphaera

PlATE 1

Magnification: (figs 1-19, 22, 23 as per bar in fig. 6; figs 20, 21 as per bar in fig. 21; figs 24, 25 as per bar in fig. 24).

1. Sipbonopbycus, Slide no. BSIP 11908; Lakheri Limestone
Formation, Khemri-Kotar, Satna District, M.P.

2. Eomycetopsis, Slide no. BSIP 11908; Lakheri Limestone Formation,
Khemri-Kotar, Satna District, M.P.

3, 17. Octaedryxium, Slide no. BSIP 11910; Lakheri Limestone
Formation, Bainkuian, Rewa District, M.P.

4, 7, 12. Spbae1'Ocongregus variabilis, Slide no. BSIP 11911; Sirbu Shale
Formation, Khemri-Kotar, Satna District, M.P.

5. Micrbystridium, Slide no. BSIP 11906; Lakheri Limestone
Formation, Bainkuian, Rewa District M.P.

6. Margominuscula, Slide no. BSIP 11912; Lakheri Limestone
Formation, Bainkuian, Rewa District M.P.

8. Spbaempbycusparvum, Slide no. BSIP 11909; Lakheri Limestone
ForlMlation, Khemri-Kotar, Satna District, M.P.

9. Biocatenotdes, Slide nO.BSIP 11909; Lakheri Limestone Formation,
Khemri-Kotar, Satna District, M.P.

10. Cranomarginata, Slide no. BSIP 11909; Lakheri Limestone
Formation, Khemri-Kotar, Satna District, M.P.

1J. Favosospb(1eridium, Slide nO.BSIP 11911; Sirbu Shale Formation,

Khemri·Kotar, Satna District, M.P.

13. Spbae1'Opbycus miriabilis, Slide no. BSIP 11908; Lakheri
Limestone Formation, Khemri-Kotar, Satna District, M.P.

14. Cymatiospbaera, Slide no. BSJP 11910; Lakheri Limestone
Formation, Bainkuian, Rewa District, M.P.

15. Melanocyrilltum, Slide no. BSIP 11910; Lakheri Limestone
Formation, Bainkuian, Rewa District, M.P.

16,23. Eosynecboccus sp, Slide nos. BSIP 11906, 11914; Lakheri
Limestone Formation, Khemri-Kotar, Satna District, M.P.

22. Eoenropbysalis, Slide no. BSIP 11913; Lakheri Limestone
Formation, Khemri-Kotar, Sarna District, M.P.

18, 19. Obn~cbevella varra, Slide no. BSIP 11907; Lakheri Limestone
Formation, Khemri-Kotar, Sarna District, M.P.

20. Single trails, Specimen no. BSIP 37772; Lakheri Limestone
Formation, Bainkuian, Rewa District, M.P.

21. Paired trails, Specimen no. BSIP 37773; Lakheri Limestone
Formation, Bainkuian, Rewa District, M.P.

24, 25. Sekwia eccentrtca, Specimen nos. BSIP 37774, 37775; Lakheri
Limestone Formation, Bainkuian, Rewa District, M.P.
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Recently, Maithy and Babu (994) have reported
endosporulating cyanobacteria Sphaerocongregus
variabilis Moormann from Damoh. This form is a
global biostratigraphic marker for the Vendian (Zang
& Walter, 1992).

Several marker OWM have been recorded by us
in our recent studies in the black chert from Bainkuian,
Rewa District. The acritarch forms are Micrhystridium
(PI. 1, fig. 5), Cymatiosphaera (PI. 1, fig. 14),
Margominuscula (PI. 1, fig. 6) and Octaedryxium
(PI. 1, figs 3, 7). The last form is a Vendian marker.
In addition, vase-shaped microfossil Melanocyrillium
Bloesser (PI. 1, fig. 15), a Neoproterozoic form, is
also recorded.

The study on the silicified oncolites from the
Khemri- Kotar, Satna District has shown the presence
of unbranched tubular aseptate forms referable to
Biocatenoides (PI. 1, fig. 9), Eomycetopsis (PI. 1, fig.
2), Siphonophycus (PI. 1, fig. 1), Granomarginata
(PI. 1, fig. 10), and the spirally coiled form
Obruchevella varra (PI. 1, figs 18, 19) along with the
coccoid form Sphaerophycus parvum (PI. 1, fig. 8),
Sphaerophycus miriabilis (PI. 1, fig. 13),
Eosynechoccus sp. (PI. 1, figs 16, 23)) and
Eoentophysalis (P I. 1, fig. 22). Presence of
Obruchevella is significant as it is commonly known
from the Vendian though it ranges up to the Cambrian.

In Samaria Shale Formation, Maithy and Mandai
(983) reported Gloeocapsamorpha karauliensisand
Orygmatosphaeridium plicatum. So far
Gloeocapsamotpha is known to occur from
Neoproterozoic onwards, but is not known to occur
in the Mesoproterozoic.

From Bainkuian (Rewa District), megafossil
Sekwia excentrica Hofmann 1981 is reported for the
first time in the Vindhyan. This form was previously
recorded from the Neoproterozoic of Sekwi Brook
area, Mackenzie Mountain, north-west Canada. The
Bainkuian specimens are preserved as discoidal cast
(PI. 1, figs 24,25) measuring 2-4 mm in diameter with
a distinct globular area, which may be eccentric.
Hofmann (981) considered this form to be possibly
medusoid. However, it shows morphological
similai'ity tb cocoons of Annelida.

Doubtful 'ichnofossils' (surface trails) are known
from Bainkuian, Rewa District. The forms are
preserved as paired trails (PI. 1, fig. 21), single trails
(PI. 1, fig. 20) and rentering trails.

Bundi Hill Sandstone Formation (= Lower
Bhander Sandstone)

Maithy and Mandai (983) reported the presence
of OWM Protoleiosphaeridium, ? germinating cell
and? budding cell from the Karauli-Sapotra region of
northeast Rajasthan. Signatures of biogenic activity
were registered in the form of burrows and
bioturbation of sediments from the silicaclastic tidal
flat deposits of Bundi Hill Sandstone exposed around
Maihar,Satna District (Chakrabarti, 1990). The burrows
vary from large-diameter, near-vertical stubby forms
to microscopic thread-like feature cutting across the
physical sedimentary structures. Thin section study
of the large-diameter burrows (Chakrabarti, 1990)
shows two different patterns in the nature of burrows
fill- CO staggered concave upward internal laminae
showing broad based 'U' in 'V' structures resembling
Monocraterion, and (ii) an ill-defined arrangement
of the upward laminae of the burrow fill, the stubby
thumb-like burrow being borderd by clay lining on
the burrow wall. On the basis of this evidence
Chakrabarti (990) fixed the age of Lower Bhander
Sandstone Formation at a much younger level than
Late Riphean, possibly Late Precambrian.

Sirbu Shale Formation

The Sirbu Shale Formation preserves OWM
comprising algal filaments and acritarch (Maithy &
Mandai, 1983; Maithy & Meena, 1989), e.g.,
Archaeorestis, Taeniatum, Eomycetopsis, Gunjlintia
minuta, Sphaerocongregusvariabilis, Leiosphaeridia,
Granomarginata and Balttsphaeridium. The
assemblage is lacking in acanthomorphic acritarch,
but is dominated by Leiosphaeridia which were
earlier assigned to Kildinosphaera, Orygmatos
phaeridium and Protosphaeridium. A recent
examination of the Sirbu Shale of Satna-Maihar and
Bundi-Kota sections adds to our knowledge the
presence of FavososphaeridiUm (PI. 1, fig. 11) and
Sphaerocongregus variabilis (PI. 1, figs 4, 7, 12).

Shikaoda Sandstone Formation (., Upper
Bhander Sandstone)

Algal forms and acritarch have been reported by
Maithy and Mandai 0983, 1984) in the siltstone and
shale beds exposed 2 km north of Karauli on
Hindaun Road. The recorded remains are
Corymbococcus, VindhyacapsiopSiS, Palaeogla
ucocystis, ? germinating cell and Granomarginata.
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The form VindhyacapsiopSiS has previously been
reported from the Proterozoic of Queensland (Licari
et at., 1969; EucapsiopsiS?)

Balwan Limestone Formation (= Upper
Bhander Limestone)

So far only one form of stromatolite Collenia
is known from this bed (Prasad, 1980).

Bhavpura Formation (= Dholpura
Shale Formation)

The Bhavpura Shale Formation constitutes the
youngest stratigraphic unit of the Vindhyan
Supergroup (Prasad, 1984). This bed is exposed only
at Lakheri, Rajasthan. Maithy eta!. (992) claimed the
presence of Ediacaran(?) biota in the ferruginous
siltstone exposed approximately at the base of a
small hillock near Bhavpura (25· 41' ; 76·13') and
referred them to Cyclomedusa davidi, Medusinites
asteroids and Beltanejonnis brunsae. The former
two forms show more or less circular outline with
central circular area as in the forms referred to
Cyclomedusa. The outer area shows concentric and
radial thickenings. Sharma et at. 0992, p. 30 , text
figs 25, 26) have without examining the described
specimens (according to them the specimens are not
available in BSIP repository), considered them to be
a product of weathering and to be non-fossils. To us
the statement of Sharma et at. (992) seems to be a
biased one as all the specimens show well-organised
distinct organisation and are still available for
examination in the BSIP repository. Are-examination
of the so-called Ediacaran forms reveals that they
show similarity to the forms recently recorded as
sponges by Gehling and Rigby (996) from the
Neoproterozoic of South Australia.

CONCLUDING REMARKS

Knoll and Walter (992) favoured a Proterozoic
Cambrian boundary at ± 540 Ma. According to them
the end of the Proterozoic Eon was a time of
pronounced biological, biogeochemical, climatic and
tectonic changes. WorldWide the latest Proterozoic
shows the presence of Ediacaran animals and
comprises a morphologically distinctive fauna of
architecturally simple, unskeletalised invertebrates.
The Ediacaran fossils are known now from at least 24
localities. There is a general agreement that Ediacaran
assemblages occur only in a discrete interval of latest

Proterozoic time, but it is not clear whether all
assemblages are strictly coeval.

According to Crimes (987) ichnofossils provide
additional and largely independent evidence of
Proterozoic animal evolution. The assemblages of
simple tracks, traces and burrows found in Proterozoic
rocks are distinct from those in basal Cambrian and
younger deposits, and they seem to recognisable
globally in siliciclastic sediments.

Likewise fossil protists and prokaryotes have
important role in marking the Terminal Proterozoic.
According to Knoll and Walter (992) photosynthetic
organisms are abundantly represented in the
uppermost Proterozoic rocks, but their stratigraphic
potential varies widely. Seaweeds are morphologically
complex, but they get rarely preserved. However,
exceptions are there. The problematic organic ribbons
known as vendotaenids occur regularly in the
uppermost Proterozoic sediments (Gnilovskaya,
1990). Cyanobacteria and cyanobacteria-like
microfossils are widely distributed in the uppermost
Proterozoic rocks, but all have close similarities both
to the older fossils and living taxa. Amongst the
known forms, Sphaerocongregus is recognised as
Vendian marker and the helical Obruchevella is
known to occur in uppermost Proterozoic and
Lower Cambrian. The most important fossils for
Neoproterozoic biostratigraphy are the acritarch,
and organic-walled microfossils produced by the
phytoplanktonic protists. Both sphaeromorphic and
acanthomorphic forms have useful role in correlating
the rocks of Neoproterozoic-Cambrian succession.
Recentstudies show that the size ofsphaeromorphids
increases towards the close of Proterozoic. Contrary
to this the acanthomorphic forms are larger in size in
Neoproterozoic and show gradual reduction towards
Precambrian/Cambrian transition. But the processes
are complex and more in length particularly Cambrian
onwards.

In recent years isotopic chemostratigraphy has
played a significant role in correlation ofPrecambriani
Cambrian transition. Detailed isotopic curves for the
Neoproterozoic Eon show marked variation and
changes in the world ocean and as such prOVide a
useful stratigraphical signal.

Analysis of the recorded biological remains from
the Bhander Group indicates total absence of
Ediacaran fauna and Vendotaenids. The organic-
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walled microfossils are marked by the Vendian
forms. The Letosphaertdta shows increase in size,
however, the known marker acanthomorphic
acritarch of the uppermost Proterozoic sediments are
totally absent. The ichnofossils so far recorded from
the Bhander Group also do not show any similarity
to the ichnofossils of Neoproterozoic. Recently S.K.
Bhattacharya of P.R.L. investigated the cS 13C from the
Lakheri Limestone Formation provided by us.
According to his analysis the cS 13C shows positive
incursion of ± 2.9 to ± 4.0. Therefore, all the
evidences presently indicate that the upper limits of
Vindhyan extend only up to Vendian and not
beyond. Most probably due to regression of sea level
the sedimentation in the Vindhyan ceased much
before the Precambrian/Cambrian Transition interval.

REFERENCES

Auden JB 1933. Vindhyan sedimentation in the Son Valley, Mirzapur
District. Mem. geol. SUTV. India 62: 141-250.

Bloesser B 1985. Melanocyn'llium, a new genus of structurally complex
lale Proterozoic microfossils from the Kwagunt Formation (Chuar
Group), Grand Canyon, Arizona. j. Palwntol. 59 : 741-765.

Chakrabani A 1990. Traces and dubiOlraces: examples from the so
called Late Proterozoic siliciclastic rocks of the Vindhyan Supergroup
around Maihar, India. Precambrian Res. 47: 141-153.

Crimes TP 1987. Trace fossils and correlalion of Lale Precambrian and
Early Cambrian slrata. Geof. Mag 124 (2) : 97-119.

Crawford AR & Compston W 1971. The age of Vindhyan System of
peninsular India. j. geof. Soc London 125 : 351-371.

Damassa SP & Knoll AH 1986. Micropalaeontologyof lhe Late Prolerozoic
Arcoona Quanzite Member of Tent Hill Formalion, Stuan Shelf,
South Australia. Alcheringa 10 : 417-430.

Gehling ]G & Rigby ]K 1996. long expected sponges from the
Neoproterozoic Ediacara fauna of South Auslralia. j. Paleontol. 70
(2) : 185-195.

Germs G]B, Knoll AH & Vidal G 1986. Latest Proterozoic microfossils
from the Nama Group, Namibia (Soulhwest Africa). Precambrian
Res. 32 : 45-62.

Gnilovaskaya MB 1990. Vendotaenids - Vendian Metaphytes. In
Sokolov BS & Iwanoski AB (Editors) - Vendian system. Palaeon
tology 1 : 138-147. Akademika Nauka, USSR.

Hofmann HJ 1981. First record of late Prolerozoic faunal assemblages in
lhe Nonh American Cordillera. Lethaia 14: 303-310.

Jankauskas TV 1990. Planl microfossils of the Urals. In: Sokolov. BS &
Iwanoski AB (Editors) - Vendian system. Palaeontology 1 : 171
173. Ak'ademika Nauka, USSR.

Knoll AH & Walter MR 1992. latest PrOlerozoic stratigraphy and Eanh
history. Nature 356 (3) : 673-677.

Korkutis V 1981. lale Precambrian and Early Cambrian in lhe east
European Platform. Precambrian Res. 15 : 75-94.

Krishnan MS & Swaminathan J 1959. The great Vindhyan Basin of
nonhern India. j. geof. Soc. India 1 : 10-30.

Licari GR & Cloud PE 1969. New Chrococcacean alga from the
Proterozoic of Queensi~nd. Proc. narn. Acad. Sci. 62 (I) : 56-62.

Maithy PK & Babu R 1993. Organic-walled microfossils from the
Ganurgarh Shale Formation (Bhander Group), Vindhyan Super
group, Hoshangabad, Madhya Pradesh, India. j. Palaeont. Soc.
India 38 : 43-49.

Mailhy PK & Babu R 1994. Occurrence of endosporulaling cyano
bacteria in the lower Bhander limestone Formalion, Bhander
Group exposed around Narsingharh, Madhya Pradesh. Palaeo
botanist 42 (2) : 101-107.

Maithy PK & Gupla S 1983. Microbiola and organo-sedimentary slruc
lures from lhe Vindhyan Supergroup around Chandrehi, Madhya
Pradesh. Palaeobotanist 31 (I) : 154-164.

Maithy PK & Mandai J 1983. Microbiola from Vindhyan Supergroup of
Ihe Karauli-Sapolra region of north·easl Rajasthan, India.
Palaeobotanist 31 (I) : 129-142.

Maithy PK & Mandai J 1984. Significance of algal remains from the
Bhanders ofVindhyan Supergroup, Rajasthan. In: Sharma AK etaf.
(Editors) - Evolutionay botany and biostratigraphy, A.K. Ghosh
Com mem. Vol.: 245- 250. Today & Tomorrows Prinlers & Pu bl ishers,
Delhi.

Mailhy PK & Meena Kl 1989. Organic-walled miaofossils from the
Prolerozoic succession of Vindhyan Supergroup exposed around
Satna and Maihar, Madhya Pradesh. j. Earth Sci. 16 <3-4) : 178-188.

Mailhy PK, Meena Kl & Babu R 1992. Ediacaran (') biota from the
Dholpura Shale, Upper pan of Vindhyan Supergroup near lakheri,
Rajasthan. Indianj. Geof. 64 (I) : 356-364.

Moormann M 1974. Microbiota of lale Proterozoic Hector Formation,
south-western Albena, Canada. j. Paleont. 48: 524-531.

Oldham RD 1893. On the geological relation and probable age of several
rock system of central India and Bengal. Mem. geol. Surv. India 30
(2).

Prasad B 1980. Vindhyan stromatoliles stratigraphy in SE Rajasthan.
Misc. Pubf. Geof. SUTV. India 44 : 201-206.

Prasad B 1984. Geology, sedimenlalionand palaeogeographyofVindhyan
Supergroup, SE Rajasthan. Mem. geof. SUTV. India 116 (I) : 1·102.

Ragozina Al & Sivenseva IA 1990. Plant microfossils of Valda; Series in
the Nonhwestern Arkhangelsk District. In: Sokolov BS & Iwanoski
AB (Editors) - Vendian system palaeontology 1 : 165·170.
Akademika Nauka, USSR.

Rao KS, Lal C & Ghosh DB 1977. Algal stromatolites in Bhander Group,
Vindhyan Supergroup, Salna District, Madhya Pradesh. j. geof. Soc
India 109 (2) : 38-47.

Saslry MVA & Moitra AK 1984. Vindhyan stratigraphy. a review. Mem.
geol. SUTV. India 116 (2) : 109-148.

Sarkar SN, Palkanov A, Gerling EK & Chukranov FV 1964. Geochro
nology of lhe Precambrians of peninsular India - a synopsis. Sci.
Cult. 30 : 527-537.

Salujha SK 1982. Palynology of surface and subsurface Vindhyan
sediments. In: Valdiya KS etaf. (Edilors)- GeologyojVindhyanchal:
113·124. Hindustan Publ. Corp. (India), Delhi.

Sitholey RV, Verma CP & Shrivaslava RN 1953. Microfossils from lhe
Upper Vindhyans with a discussion on the age of Vindhyans in
light of planl fossils discovery. Proc. natn. Inst. Sci. India 19B: 193
202.

Srivastava AP & Rajagopalan G 1988. FT ages of Vindhyan glauconitic
sandstone beds exposed around Rawatbhala area, Rajasthan. j.
geof. Soc. India 32 (6) : 527-529.

Volkova NA 1969. Acritarchs of the nonhwest Russian Platform. In :
Rozanov Yu et al. (Editors) - Tommotian stage and the Cambrian
lower boundly problem. T,·alls. Acad. Sci. USSR 206 : 234-236. (in
Russian).

Zang Weng-long & Waller MR 1992. late Proterozoic and Early
Cambrian microfossils and bioslratigraphy of nonhern Anhuei and
Jragsu, central eaSlern China. PrecambrIan Res 57 : 243-323.


