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ABSTRACT

Kumar G & Maithy PK 2008. The Ediacaran Period: It's lower and upper boundaries in India. The Palaeobotanist
57(1-2) : 33-52.

The newly established Ediacaran Period (terminal Proterozoic) 'begins with termination of the last great global
glaciation (Marinoan) of the Neoproterozoic Era' and ends with appearance of biologically distinct world characterised by
an assemblage of diverse skeletal fossils of bilaterian animals of the Cambrian Period. Significant depletion in C-isotope
values is also recorded at both the boundaries. In India, Ediacaran sequences form part of a continuous sequence that rests
unconformably over the oldest platform sequences (Meso-Cryogenian) in many parts of the Lesser and Tethys/Higher
Himalaya, and grade into Cambrian. Of the various sections studied, the Maldeota section of the Baliana-Krol-Tal
succession, Krol Belt, Lesser Himalaya is found to be the best for the study of both the boundaries. The Lower boundary
of the Period is marked at the base of red-green shale and pinkish lenticular dolomite (Member G) - the cap carbonate,
forming topmost bed of the Blaini Formation, Baliana Group. There is marked change in assemblage of acritarch and
cyanobacteria within upper part of the Baliana Group with appearance and extinction of Ediacaran fauna in the overlying
Krol. This change is also accompanied with a significant depletion in C-isotope values in the 'cap carbonate'. The upper
boundary could not be precisely demarcated in the absence of boundary diagnostic trace fossils. However, a significant
depletion in C-isotope values is recorded in the upper part of the Krol Group with appearance of spiny and processed
acritarch (acanthomorphs), scaphomorphs and hercomorphs, small shelly fossils, trace fossils and trilobites of Early
Cambrian age in the overlying Tal Group, which is considered to mark the boundary.

A review of biota recorded from older sequences viz. Vindhyan Supergroup, Bhima, Kurnool, Chhattisgarh, and
Indravati Groups, etc. of the peninsular India, suggest them to be of Mesoproterozoic-Cryogenian (pre-Sturtian glaciation)
age. The paper discusses in detail both lower and upper boundaries of the Ediacaran Period and attempts at the correlation
with GSSP.

Key-words—Ediacaran, Lower-Upper Boundaries, India.

bZMh;kdkju vof/k % Hkkjr esa bldh fuEu ,oa mPp ifjlhek,a

xksisanz dqekj ,oa izHkkr dqekj ekbrh

lkjka'k

uohu fljs ls LFkkfir bZMh;kdkju dky ¼vafre izksVsjkst+ksbd½ fu;ksizksVsjkst+ksbd ;qx ds vafre fo'kky HkweaMyh; fgeunu ¼eSjhukWvu½ ds lekiu ls 'kq#
gksrh gS rFkk dSafcz;u dky ds n~foikf'oZd tarqvksa ds fofo/k dadkyh thok'eksa ds ,d leqPp; n~okjk fo'ks"k #i ls of.kZr tSfod :i ls fHkUu txr ls lekIr
gksrh gSA nksuksa ifjlhekvksa ij dkcZu&leLFkkfud eku esa egRoiw.kZ vo{k; Hkh vfHkfyf[kr fd;k x;k gSA Hkkjr esa] bZMh;kdkju vuqØe lrr~ vuqØe dk Hkkx
xfBr djrk gS tks fUkEu ,oa VsfFkl@mPp fgeky; ds fofHkUu Hkkxksa esa izkphure IysVQkeZ vuqØeksa ¼ehlks&Øk;kstsfu;u½ ij fo"kefoU;kflr gSA v/;;u fd,
x, fofHkUUk [kaMksa ls] ckfy,uk&Øksy&rky vuqØe ds ekynsork [kaM] Øksy iV~Vh] fuEu fgeky; dks nksuksa ifjlhekvksa ds v/;;u gsrq loksZRre ik;k x;k gSA
yky&gjk 'ksy ds ry ij vof/k dh fuEu ifjlhek dks fpg~fur fd;k x;k gS rFkk xqykch elwjkdkj MksyksekbV ¼lnL; th½& dSi dkcksZusV] CySuh 'kSylewg]
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INTRODUCTION

THE Ediacaran Period, a new addition to geologic time scale
for terminal Proterozoic, is characterised by the Ediacaran

fossil assemblage that gave the period its name. In contrast to
other GSSPs in Palaeozoic, which are primarily based on
biostratigraphy, the demarcation of this boundary is on
lithostratigraphy and chemostratigraphy. “The beginning and
end of the Period are marked by remarkable negative excursions
in the carbon isotope records, unusual biochemical events
recognised globally in both carbonate rocks and sedimentary
organic matter”. The Period begins with termination of the last
great global glaciation (Marinoan) of the Neoproterozoic Era,
when the continental glaciers reached the sea level in tropical
latitudes and  ends with beginning of biologically distinct
world characterised by diverse skeletal fossils of bilaterian
animals (Knoll et al., 2006).

The base of the period is defined by ‘cap carbonate’ that
conformably overlies the Marinoan glacial and the initial GSSP
is marked at the base of the Marinoan cap carbonate – the
Nuccaleena Formation in the Enorama Creek section of the
central Flinders Ranges, Adelaide Rift Complex, South
Australia. No precise carbon isotopic data to constrain the
age is available but recent 635 Ma U-Pb zircon age for an ash
bed within glacial strata in Oman and Pb-Pb age of 599+4 Ma
post-glacial phosphorites in southern China suggest an age
for the GSSP younger than 635 Ma, but older than 600 Ma
(Knoll et al., 2006). This GSSP was selected out of three
proposed candidates, the other two were: (i) Tianjiayuanzi
Section, eastern Yangtze Gorges region, China (Xing et al.
2003) and Maldeota Section, Mussoorie Syncline, Krol Belt,
Lesser Himalaya, India (Kumar et al., 2000).

The initial GSSP for end of Ediacaran Period and beginning
of Cambrian is located in the Chapel Island Formation, Fortune
Head, south east Newfoundland, Canada, and the boundary
placed between the trace fossil Zone-I (Harlaniella podolika
Zone) and Zone-II (Triptichnus (Phycodes) pedum Zone), 2.4
m above the base of the formation   (ca 545 Ma). The radiometric
dates of the point are not available. However, U-Pb age from
Oman coinciding with the negative carbon excursion has given
an age of 542 Ma.

On the Indian Subcontinent, the Ediacaran (terminal
Proterozoic) successions grading into Cambrian are exposed
in north western part of the Indian Shield unconformably
overlying the basement rocks of the Malani Igneous Suite of
the Indian Shield, and are concealed below the Cenozoic
sediments of the Indus and Gangetic plains and extend to the
Himalaya where they rest unconformably over the oldest
platform-deposits referred to as the Salkhala/Simla-Jaunsar/
Jutogh Groups (Supersequence III, Shanker et al., 1996) (Fig.
1). These successions post-date major tectono-thermal event
associated with Chengjiangian/Cadomian Orogeny in
Cryogenian and possibly Sturtian glaciation, and were
deposited in sea termed Palaeotethys-I  (Shanker et al., 2002).
These were studied in detail under IGCP (Project 29 & 303)
and IUGS Project on Terminal Proterozoic (Kumar, 1995; Kumar
et al., 1997). A review of the biota and trace fossils of other
Proterozoic sequences of peninsular India such as the
Vindhyan Supergroup, and its equivalents the Bhima, Kurnool,
Chhattisgarh, Indravati Groups, etc. occurring in detached
areas over the basement formed of the Archaean -
Palaeoproterozoic terrane, suggest them to be Mesoproterozoic
–Cryogenian (pre-Sturtian glaciation) (Maithy & Kumar, 2007).
Hence, these are not discussed here in detail excepting
comments on record of trace fossils from the Kurnool Group
by Babu (2005). The record of microbiota from the Buxa or
Chilleipam Formation, Arunachal Pradesh, Lesser Himalaya
considered to be of Terminal Proterozoic-Cambrian age (Tiwari,
2003) is also not discussed as the succession is intruded by
granite dating 1536+60 Ma (Kumar, 1997).

GEOLOGICAL   SET-UP

The Protorodinia, an assembly of three Archaean-
Palaeoproterozoic crustal blocks of the Indian Plate, viz.
Dharwar (DB), Bundelkhand (BB), Trans-Aravalli (TAB) and
each separated by a mobile belt, formed the basement for
sedimentation of platform sediments commencing from
Mesoproterozoic. These three blocks sutured and welded
together ca 1600 Ma (Zhongyuean /Karelian Orogeny). The
fourth crustal block - the South Indian-Srilankan Granuite Block
(SISLGB), welded to DB around ~500 Ma (Xingkaian/Pan-

ckfy,uk lewg ds loksZPp laLrj dks xfBr dj jgk gSA ckg~;kd`fr ,oa foyksiu ds lkFk mifj'kk;h Øksy esa bZMh;kdkju izkf.ktkr ds ckfy,uk lewg ds Åijh
Hkkx esa ,fØVkWdZ o lkW;ukscSDVhfj;y ds leqPp; esa mYys[kuh; ifjorZu gSA ;g ifjorZu ̂ dSi dkcksZusV* esa dkcZu&leLFkkfud eku esa Hkh egRoiw.kZ vo{k;
ds lkFk gSA ifjlhek funku vuqjs[k thok'eksa dh vuqifLFkfr esa Åijh ifjlhek ifj'kqn~/k :i ls lhekafdr ugha dh tk ldhA fQj Hkh] Øksy lewg ds Åijh
Hkkx esa 'kwyh; o izØfer ,fØVkdZ ¼,dsUFkksekWQZ½ dh ckg~;kd`fr ds lkFk LdSQksekWQZ vkSj gdksZekWQZ] y?kq doph thok'e] vuqjs[k thok'e rFkk mifj'kk;h rky
lewg esa izkjafHkd dSafcz;u dky ds Vªk;yksckbV~ dkcZu&leLFkkfud eku esa egRoiw.kZ vo{k; vfHkfyf[kr dh xbZ gS] ftls ifjlhek dks fpg~fur djuk ekuk x;k
gSA

izk;n~ohi Hkkjr ds izkphu vuqØeksa vFkkZr foa/; egklewg] Hkhek] djuwy] NRrhlx<+] rFkk banzkorh lewgksa bR;kfn ls vfHkfyf[kr thotkr dh leh{kk
mUgsa ehlksizksVsjkst+ksbd&Øk;ksthfu;u dky dk lq>krh gSaA 'kks/k&i= bZMh;kdkju vof/k dh fuEu ,oa mPp nksuksa ifjlhekvksa dk lfoLrkj foospu djrk gS rFkk
th ,l ,l ih ds lkFk lglaca/k dk iz;kl djrk gSA

laDsÿr&'kCn—bZMh;kdkju] fuEu&mPp ifjlhek,a] HkkjrA
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African Orogeny) to form part of the Gondwanaland (Shanker
et al., 2002, 2005). During Precambrian, two platform deposits/
sequences (Supersequence III & IV, Shanker et al.,1989; 1996)
were deposited over the basement in seas referred to as the
Prototethys and Palaeotethys, each with many phases of
evolution related to tectono-thermal events of global
significance (Shanker et al., 2002). The deposition of older
sequence (Supersequence III) took place in the Prototethys
commencing from Mesoproterozoic (ca 1500 Ma) and
terminated with break-up of Rodinia ca 750 Ma (Chengjiangian/
Cadomian Orogeny) in Cryogenian when sea regressed
followed by the Sturtian glaciation. Imprints of other tectono-
thermal events, viz. the Grevillian (ca 1100 Ma) and Jinningian
(ca 850 Ma) are also preserved. The Vindhyan Supergroup
and its equivalents Chhattisgarh in Central India; Cuddapah-
Kurnool,  Pakhal/Indravati, Bhima Groups, etc. in Southern
India,  Bahraich-Madhubani Groups in the Indo-Gangetic Plain
and are referred to as the Vaikrita/Jutogh and Jaunsar Groups
in the Himalaya are  relicts of this sequence on Indian shield
(Shanker et al. 1989).

The sedimentation of the Cryogenian - Cambrian
sequence (Supersequence IV) commenced with a glacio-marine
succession with warming up of climate. This sea (Palaeotethys-
I) remained restricted to northern part of the Protorodinia where
sequences located in northwestern part of Indian Shield and
in many parts of the Lesser Himalayan and Higher/Tethys
zones were deposited (Fig. 1). The sedimentation terminated
with Xingkaian/Pan-African Orogeny in Late Cambrian (ca 500
Ma). In Higher/Tethys Himalaya, this sequence is
unconformably overlain by Ordovician – Early Carboniferous
sediments while parts of the Lesser Himalaya and Peninsular
Shield remained a positive area until Early Permian marine
transgression. The successions located in the Krol Belt, Lesser
Himalaya (Fig. 2) and northwestern part of the Indian Shield
are siliciclastic in lower part and show development of thick
carbonate-evaporite facies with or without phosphorite in
upper part while those in the Higher/Tethys Himalaya are
dominantly siliciclastic (Fig. 3) (Kumar, 1995). In the Krol Belt,
the sequence has been divided into Baliana, Krol and Tal
Groups. Of these, the Baliana is a glacio-marine sequence with
diamictite occurring at two levels, the basal referred as the
Member-A and other constituting the Member-F of the Blaini
Formation. Of these, the basal one may be equivalent to the
Sturtian Glacials while the top one represents the Marinoan
Glacials.

In the Higher/Tethys Himalaya, the sequence in Kashmir
Valley is divisible into Ramsu, Machhal, Lolab and Karihul
formations in ascending order while in Spiti – Znaskar, it is
represented by the Batal Formation and Debsa Khad and
Parahio formations of the Kunzam La Group (Kumar et al.,
1997).  In the northwestern part of the Indian Shield, the Marwar
Supergroup may belong to this sequence.

EDIACARAN  BIOTA  AND  ORGANO-SEDIMENTARY
STRUCTURES

Cryogenian (Terminal Proterozoic)-Cambrian
successions exposed in many parts of India, rich biota has
only been recorded from the Krol Belt, Lesser Himalaya, and
Kashmir Higher Himalaya. The sequences in the Higher/Tethys
Himalaya though have yielded trace fossils of Ichno-Zone I, II
and III, and Early Cambrian (Tommotian) to Middle and or
early Upper Cambrian trilobites and brachiopods, the record/
yield of Terminal Proterozoic biota is poor (Maithy et al., 1988;
Kumar et al., 1997), the diagnostic trace fossils of global Ichno-
Zone I are not recorded, so far, for precise demarcation of
upper boundary of the Terminal Proterozoic (Raina et al., 1983).
Practically, no biota has been recorded from the Marwar
Supergroup of the peninsular India. The other sequences of
peninsular India (Vindhyan, Bhima, Chhattisgarh, Kurnool)
are not considered to belong to the Terminal Proterozoic
succession (Supersequence IV) but are older as discussed by
Kumar et al., (1997) and Maithy and Kumar (2007).

Himalaya
Lesser Himalaya (Krol Belt)—The Cryogenian to

Cambrian succession – the Baliana, Krol and Tal groups is
exposed in a linear zone stretching over 350 km in outer Lesser
Himalaya in many synclinal outliers such as the Pachmunda,
Nigalidhar, Korgai, Mussoorie, Garhwal and Nainital Synclines.
The biota is characterised by cyanobacteria and acritarchs,
appearance and extinction of Ediacaran fossils, calcareous
algae, Conophytonoid and Gymnosolonid stromatolites and
development of evaporite and phosphate deposits. The
sequence is conformably overlain by Early Cambrian
succession (Tal Group) yielding trace fossils of global Ichno-
Zone III, small shelly fossils and stromatolites of the
Meischucunian Zone I & III (Tommotian), redlichid trilobites,
microgastropods and inarticulate brachiopods of Qiongzhusian
(Atdabanian) and Tsanglangpuian (Botomian) Stage  (Kumar,
1984)(Fig. 4). Locally, the contact between the Krol and the Tal
Group is unconformable/disconformable (Shanker, 1971; Kumar
& Dhaundiyal, 1978; Jiang et al., 2002).

A review of the biota (Maithy & Kumar, 2007) showed a
marked change within the Baliana Group from cyanophycean
algae Blainiella comparable to extant algal form Hyella (Maithy
et al.,  1995), restricted to B-D Members of the Blaini Formation,
to a rapid diversification of biota after Marinoan glaciation.
Post-Marinoan Glacials Ediacaran biota is represented by
microbialite Stratifera unduata from Member F, Blaini
Formation (Sharma et al., 1994), organic walled microfossils
(OWM) such as acritarchs belonging to Sphaeromorphida and
Sphaerohystrichomorphida Groups, vase-shaped microfossils,
Cryptarch: Synaplomorphitae Subgroup and Nematomorphitae
Subgroup, large acanthomorphic acritarchs (Ericasphera,
Echinosphaeridium, Asterocapsoides), and Cyanobacterial
remain Salome  in Infra Krol of the Baliana Group (Acharyya
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et al., 1989; Prasad et al., 1990;Venkatachala et al., 1990; Tiwari
& Azmi 1992; Tiwari & Knoll, 1994; Tiwari, 1996; Shukla et al.,
2005a, b).

Within Krol Group the biota recorded includes rich
assemblage of Ediacaran fossils and acritarchs characterised
by smooth and sculptured-walled forms besides stromatolites
and calcareous algae. Shukla et al. (2005a) recorded an
assemblage of microbial remains  comprising cyanobacteria,
multicellular tissues of algal thalli (thalophytes) belonging to
Rhodophyta, acritarchs and vase-shaped microfossils from
lenticles of phosphatic black chert and shale partings
associated with sandstone from the Chambaghat Formation,
algal filamentous forms, coccoid forms represented by
acritarchs and spheroid colonies, (Kumar & Rai, 1992), empty
sheaths of unbranched filaments, branching filaments
resembling eukaryotic forms and a form comparable to
Bangiophyceae (Gautam & Rai, 1997), Ediacaran fossils Nimbia
sp. cf. N. occlusa from the Mahi Formation and Pterinidium
sp. cf. P. carolinaense  and Charnodiscus sp. cf. C. arborens
from Jarashi Formation (Shanker et al., 2004), Cyclomedusa,
Conomedusites, Charniodiscus, Dickinsonia sp., Kimberella
sp. cf. K.  quadrata, and Beltanella sp. cf. B. gilesi from
(Mathur & Shanker, 1989, 1990; Shanker & Mathur, 1992;
Shanker et al., 1997; Mathur & Srivastava, 2004) and
calcareous algae Epiphyton and Renalcis along with Oleckmia
are known from the Kauriyala Formation (Gansser, 1964; Singh
& Rai, 1983). Prasad et al. (1990) recorded acritarchs belonging
to Sphaeromorphida Group from Mussoorie. The assemblage
is characterised by smooth and sculptured-walled acritarchs.

Stromatolites are reported from Kauriyala Formation (Krol
D) of Nainital and Mussoorie Synclines (Fuchs & Sinha 1974;
Singh & Rai, 1977; Tewari, 1984). Linked Conophyton,
Stratifera, Aldania and Irregularia and branching
stromatolites are important forms.

Higher /Tethys Himalaya—In Kashmir,
Sphaeromorphida acritarchs, tubular cyanophyte forms and
globular colonies  recorded from upper 480 m of the Machhal
Formation to 580 m of the overlying Razdain Member of the
Lolab Formation  (Maithy et al., 1988) and of the two trace
fossil assemblages, the assemblage-I Planolites beverleyensis
– P. reticulatus in association with Skolithos and Brgaueria
from the Razdain Member, Lolab Formation, Kashmir suggest
presence of  Ediacaran elements in the Kashmir Valley. The
overlying upper part of the Razdain Member, Lolab Formation
has yielding trace-fossil Assemblage II and III of Early
Cambrian age (Raina et al., 1983, Kumar et al., 1984). Thus, the
conglomerate occurring at top of the Ramsu Formation may
be equivalent to the Marinoan Glacials.

In Spiti Valley and Zanskar area, the yield of biota below
the trace fossil assemblage III is very poor (Kumar et al., 1984,
Kumar, 1995). Therefore, it is not possible to define both the
boundaries viz. Cryogenian-Ediacaran and Ediacaran-
Cambrian, in terms of GSSPs.  However, entire Batal Formation
may be of Ediacaran age.

Indo-Gangetic Plain (Ganga Plain)
The Vindhyan sequence, unconformably overlying the

Bundelkhand Gneissic Complex, continues northwards and is
concealed below the Cenozoic sediments. It is divided into
the Bahraich and Madhubani groups, the latter is further
subdivided into the Ujhani, Tilhar and Karanpur formations in
ascending order (Shukla et al., 1994).  Maithy and Kumar (2007)
have reviewed the records of biota. According to them, the
Bahraich Group is dominated by acritarchs belonging to
Sphaeromorphida Group, Ujhani  contains acritarchs
Granomarginata, Orygmatosphaeridium, Vavosphaeridium,
Kildinella, Nucellosphaeridium  and algae Myxococcoides,
Palaeoanacystis and Gunflintia (Maithy et al., 1983), Tilhar
Formation records Protosphaeridium and Vavosphaeridium
and the Karanpur contains Leiosphaeridia, Granomarginata,
Lophosphaeridium, Ellipsaletes and Dictyotidium (Prasad &
Asher, 2001). They, thus, disagreed with Prasad & Asher (2001)
on age assignment of the Madhubani Group to range from
latest Vendian to Lower Devonian, and considered the Bahraich
and Ujhani to be equivalent to the Semri Group
(Mesoproterozoic) while the Tilhar and Karanpur  represent
the Bhander Group ranging in age from Mesoproterozoic to
Cryogenian (pre-Sturtian glaciation). A review of the overall
OWM indicates that the assemblage is dominated by ornate
acritarchs in association with simple ones and Chitinozoa with
simple morphology. In Silurian and Devonian, acritarchs with
complex spine (branched) and ornamentation are known along
with complex Chitinozoa and trilete spores. The present
analysis, however, indicates the upper age limit may extend
only up to Cambrian.

Peninsular Region
A review of biota from the platform sequences, viz.

Vindhyan, Chhattisgarh, Pakhhal Supergroups, Kurnool and
Bhima Groups by Maithy and Kumar (2007) shows that these
sequence range in age from Mesoproterozoic to Cryogenian
(pre-Sturtian glacials). It is only from the Marwar Supergroup,
northwestern India some elements indicative of Cryogenian-
Lower Cambrian age are known.

Marwar Supergroup—It unconformably overlies the
Malani Igneous Suite (Malani Rhyolite 745+10 Ma; Siwana
Granite 731+14 Ma) or Palaeoproterozoic metasediments.
Based on subsurface data (Pareek, 1981, 1984; Das Gupta &
Bulgauda, 1994; Peters et al., 1995) divided the Marwar
Supergroup into five groups, viz. the Jodhpur, Bilara, Hanseran
Evaporite, Nagaur and Birmania (Upper Carbonate) in an
ascending order.  Sinha-Roy et al. (1998), on the other hand,
divided the Marwar Supergroup into the three groups, viz. (i)
the Jodhpur comprising Pokhran Boulder Bed, Sonia
Sandstone and Girbhakar Sandstone, (ii) Hanseran/Bilara
divisible into Dhanapa Dolomite/Birmania Formation, Gotan
Limestone and Pondlo Dolomite, and (iii) Nagaur Group made
up of Nagaur Sandstone and Tunklian Sandstone in an
ascending order. Mazumdar and Strauss (2006), on the basis
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of sulfur and strontium isotopic composition of carbonate and
evaporite rocks, have considered coeval nature of the Bilara
Formation and Hanseran Evaporite. According to them the
strontium isotopic composition “are comparable to the
contemporaneous global seawater 87Sr/86Sr ratios, recording
an increase during post-Varangerian time”. No diamictite
horizons are known. The Jodhpur Group may represent the
Cryogenian Period as stromatolites Collenia
pseudocolumanaris, Collenia sp., Concollenia, Cryptozoan
accidentalis, Irregularia sp. and Stratifera, recorded from
overlying Bilara (Burman, 1980), are known from Ediacaran
Period. Moreover, a significant depletion in δ13C values in the
upper part of the Bilara Formation and short lived positive
excursion in δ13C values in Birmania Formation at the level of
phosphorite (Kumar et al., 1997) may be correlative to similar
excursions noticed elsewhere at the Precambrian-Cambrian
boundary (Kumar et al., 1997).

Vindhyan, Chhattisgarh, Pakhhal Supergroups, Kurnool
and Bhima Groups

Maithy and Kumar (2007) have already reviewed the biota
from the Vindhyan, Chhattisgarh, Pakhhal Supergroups,
Kurnool and Bhima groups of Peninsular India. The biota
recorded from these successions is summarised (Fig. 5).

Stromatolites—Two distinct types of stromatolite
assemblages are known. The lower assemblage is characterised
by Kussiella, Conophyton cylindricus, Jacutophyton,
Anabaria and Colonnella suggesting Early to Middle Riphean
age for Semri Group and its equivalents. The upper zone
preserves Tungussia, Baicalia and Gymnosolen. The
assemblage suggesting an Upper Riphean age is known from
Raipur (Chhattisgarh Supergroup) and Bhander groups (Upper
Vindhyan) (Moitra, 2003). No stromatolite has been recorded
from the Kaimur and Rewa groups due to absence of carbonate
horizon.

Carbonaceous macrofossils—The carbonaceous
macrofossils Chuaria and Tawuia are recorded from the
Vindhyan Supergroup at different horizons, viz.  the Baghwar
(Suket) Shale (Semri Group), Jhiri Shale (Rewa Group) to the
Sirbu Shale and Bhavpura (Dholpura) Shale of Bhander Group
(Maithy, 2003), Kurnool Group (Owk Shale by Sharma &
Shukla, 1999) and Bhima Group (Halkal Shale) (Maithy & Babu,
1996). The record of Chuaria-Tawuia association in the
youngest formation of the Vindhyan indicates that the entire
Vindhyan succession and its equivalents are older than
Sturtian glaciation. Up till now this assemblage is known below
Sturtian glaciation (Cryogenian).

Hofmann (1992) has speculated that Chuaria and Tawuia
may represent an alternation of generations of eukaryotic
organism. Maithy (2003) presumed that Chuaria and other
discoid forms are representing the gametophytic generation
and Tawuia and other elongated forms are representing
sporophytic generation of an extinct member of an alga. Das

Sarma et al. (1992) claimed presence of macrofossil Sabellidites
from the Halkal Formation, Bhima Group. The specimen was
examined and fresh collections were made from the same bed
during a field trip during 1993 under the aegis of IGCP Project
303 – Precambrian – Cambrian Event Stratigraphy. In the
collection there were Chuaria circularis and Tawuia with
circular structures at the terminal end and Beltina (Maithy &
Babu, 1996). Similar forms are now well known from Meso-
Neoproterozoic sequence of India and all of these forms are
now considered representing different stages of life cycle of
Chuaria-Tawuia (Maithy, 2003) and Maithy and Babu (1996)
compared Sabellidites with Tawuia dalaensis.

Acritarchs—These are well known from sediments
ranging from youngest bed of Semri Group – Bhagwar Shale,
Kaimur Group, Rewa Group and Bhander Group (Maithy, 2003).
The available data indicates that the Semri, Kaimur and Rewa
groups are characterised by dominant presence of
Leiosphaeridia sensu Jankauskas. In younger Bhander Group,
the Sphaeromorphida acritarchs are more complex in
organisation. They may have inner body –
Nucellophaeridium, walls with broad reticulam –
Favosphaeridium and with encircling narrow wing-like
structure – Cymatosphaera. Additionally, few
Acanthomorphida acritarch vesicles are recorded with simple
short processes, viz. Baltisphaeridium and Michrystridium.
The presence of vase-shaped microfossil Melanocyrillium
Bloesser, a Neoproterozoic form is important (Maithy & Babu,
1997). Until now typical Cambrian Acritarcha groups
Ellipsomorphida, Ooidomorphida and Versimorphida are not
known, thus indicating absence of Terminal Proterozoic
elements in the Vindhyan sequence.

Trace-fossils and reports of other fossils—Presence of
ichno-fossils in form of surface trails and tubes reported from
the Vindhyan Supergroup (Semri and Bhander groups) by many
workers, and Kurnool Group (Owk Shale, Paniam Quartzite,
Kolikuntala Limestone and Nandyal Shale as listed by Babu,
2005). The reports from Vindhyan were dismissed as most of
them have been are of inorganic in origin (Maithy, 2003; Sharma,
2003). Most of recent reports of trace fossils attributed to
triploblastic animals from Chorhat Sandstone belonging to
Kheinjua Formation (Semri Group) (Seilacher et al., 1998) have
been debated (Hofmann, 2005). Knoll and Carroll (1999), and
Kumar (1999) have doubted the interpretation. Surface trails
in single and paired rows from the Nagod (Lakheri) Limestone
from Bainkurian, Rewa District and large diameter burrows
from Bundi Hill Sandstone, Bhander Group from Maihar
(Maithy, 2003), however, need careful analysis for their biogenic
or abiogenic origin.

Some of these ‘trace fossils’ from the Kurnool Group,
available in the Palaeontology Laboratory, Geological Survey
of India, Hyderabad, were also examined during 1993. In our
opinion, most of these reports are either inorganic structures
or synaeresis mud cracks, hence not of any stratigraphic use
and are dismissed. Moreover, the Owk Shale contains definite
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early Neoproterozoic Chuaria-Tawuia (Sharma & Shukla,
1999). Therefore, the records of Cambrian trace fossils are
doubtful and so are other associated fossils from conformably
overlying Paniam Quartzite to Nandyal Shale. Babu (2005) has
listed but not illustrated and described the reports.

Presence of  Sekwia, a Neoproterozoic form, reported
from Lakheri Limestone, Bhander Group, has been considered
to be cocoons of Annelida (Maithy & Babu, 1997) and
Neoproterozoic sponge genus Palaeophragmodictya was
reported from the youngest beds of Vindhyan, Bhavpura Shale,
Lakheri, Rajasthan (Shanker et al., 2000). This possibly
suggest  their evolution may have started much earlier in the
history of earth in light of  molecular clock estimates suggesting
that the divergence of protostome and deuterostome animals
took place as early as 1,000-1,300 Ma (Sharma, 2003).

Babu (2005) has listed a number of trace-fossils from
conformably overlying Paniam Quartzite without any
illustrations and description. Report of variety of small Shelly
Fossils from the topmost part of the Rohtasgarh Limestone
and Shale, Semri Group (Lower Vindhyan) from two areas
namely Maihar and Rohtas in the Son Valley assigning basal
Meischucunian/Tommotian (Early Cambrian) age Azmi (1998)
has been debated and examined by several workers (Bhatt et
al., 1999; Bhatt, 2003; Sharma, 2003). They considered the
reported specimens to be inorganic material some were
diagenitically produced sedimentary structure ‘cone-in cone’
which has a pointed apex that flares outwards with undulatory
surface or principally mineral growth or made up of fibrous
calcite/secondary calcite vein.

C, O, Sr and Pb isotopic studies—Recent C, O, Sr and Pb
isotope systematics of carbonates sequence of the Vindhyan
Supergroup do not support Ediacaran (Vendian) – Cambrian
age for the Bhander Group.  According to Ray et al. (2003), the
Pb-Pb isochron age (ca. 650 Ma) for the Bhander Limestone is
not reliable due to small spread in 206Pb/204Pb. The 87Sr/86Sr
ratios, on the other hand, suggest a Mid-Neoproterozoic (~750
Ma) age for the Bhander Limestone and an early Late-
Neoproterozoic age (~650 Ma) for the Lakheri Limestone which
according to them may be more altered.

In the Bhima Group, the results of δ13C  and δ18O values
range between +0.89 to 3.59‰ PDB (majority custering around
2‰ PDB) and -5.37 to -9.18‰ PDB, respectively. Kumar et al.
(1999) and Das Sharma and Kumar (1999), on the other hand,
also record carbon isoptope values varying from 0 ‰ to 4‰
PDB along with 87Sr/86Sr ratios on a few samples ranging
between 0.7075 and 0.7083. They are of the opinion that these
point to post-Varanger depositional age (Termial Proterozoic)
for the Bhima carbonates. There are minor deflections within
positive carbon isotopic values but no negative deflection
comparable either to Cryogenian-Ediacaran boundary or to
Precambrian-Cambrian transition has been recorded. The
oxygen isotope values are 9.18‰ PDB in basal part of the
Sahabad Formation which gradually decrease to -6‰ PDB as

one moves upwards to middle part (Bhattacharya et al., 1996).
Since only a few representative samples of carbonates were
analysed by them for 87Sr/86Sr ratios it is difficult to arrive
some definite conclusions for inter/intrabasinal correlation and
age. Kumar and Maithy (1999) have already argued against
such a correlation. In addition, absence of well established
record of global events such as Cryogenian (Vendian)
glaciations (Sturtian and  Marinoan), and development of
phosphorite at Precambrian-Cambrian boundary from the
Vindhyan Supergroup, also do not support  latest Cryogenian
- Ediacaran (late Vendian) age (ca 650-544 Ma) as suggested
by the authors. These global events are well known from other
parts on Indian subcontinent and are globally correlatable
(Knoll et al., 2006). It is on the basis of overall biota, the Bhima
Group is considered older than the Sturtian glaciation.

CROGENIAN–EDIACARAN  BOUNDARY

On the Indian platform, as per GSSP, the lower boundary
of the Ediacaran Period is defined lithostratigraphically at the
base of the Pink Limestone (Member G) in the Baliana Group
in the Lesser Himalaya. Significant depletion in δ13C values is
also recorded in pink carbonate (Kumar et al., 2000). This bed
overlies the top bed of diamictite (Member F) of the Blaini
Formation which is considered equivalent to the Marinoan
Glacials. Global correlation is given (Fig. 6).

In absence of ‘cap carbonate’ from Higher/Tethys
Himalayan successions of Kashmir Valley, Spiti Valley and
Zanskar area, and in northwestern peninsular India, Rajasthan,
the boundary could not be defined precisely.

EDIACARAN–TOMMOATIAN  BOUNDARY

The Upper boundary with the Cambrian cannot be
ascertained in terms of GSSP (Landing, 1994) due to absence
of Cambrian trace fossil of global Ichno-Zone – II (Kumar,
1995; Kumar et al., 1997) (Fig. 7). However, a significant
depletion in δ13C values has also been recorded in the upper
part of carbonate facies of the Krol Group between the horizons
yielding Ediacaran fossils and Early Cambrian phosphorite
bed containing small shelly fossils of the Meischucunian Zone
– I in the overlying Tal Group (Bhattacharya et al., 1996; Jiang
et al., 2002). This depletion has also been recorded in the
Marwar Supergroup below the phosphorite bed, and can be
correlated with that recorded from Precambrian-Cambrian
transition sequences (Kumar et al., 1997).

CONCLUSIONS

An analysis of the biological remains and organo-
sedimentary structures from the Neoproterozoic of the Indian
Subcontinent suggest that:
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1. Biological remains and ichno-fossils from the Lesser
Himalaya – Krol Belt, Higher/Tethys Himalaya, Kashmir,
possibly Karanpur Formation of the Madhubani Group,
Ganga Plain and Marwar Supergroup, northwestern part
of Indian Shield suggest presence of Ediacaran
successions. Of these, the Baliana-Krol-Tal succession
of the Krol Belt, exposed in the Maldeota Section,
Mussoorie Syncline, is the best where the Lower and
Upper Boundaries of the Ediacaran Period are identifiable
on the basis of lithology and or depletion in δ13C values.

2. The Lower boundary of the Ediacaran Period is defined
lithostratigraphically at the base of the Pink Limestone
(Member G, Blaini Formation) in the Baliana Group in the
Lesser Himalaya. Significant depletion in δ13C values is
also recorded in pink carbonate.

3. Of the two levels of the diamictite of the Blaini Formation,
the top one (Member F) is equivalent to Marinoan Glacials
while the Lower (Member A) may be correlative to the
Sturtian Glacials.

4. The upper boundary of the period could not be precisely
defined due to absence of age-diagnostic trace fossil
assemblage. However, the significant depletion in δ13C
values recorded in the upper part of the Kauriyala
Formation (Krol E) may be considered to mark the
boundary as the excursion is correlatable globally.

5. In the northwestern peninsular India (Rajasthan), Higher/
Tethys Himalaya (Kashmir Valley, Spiti Valley and Zanskar
area), though the data suggest presence of Ediacaran
Period deposits, it is not possible to define both the
boundaries, viz. Cryogenian-Ediacaran and Ediacaran-
Cambrian, in terms of GSSPs due to absence of diagnostic
biota/horizon.

6. Biotic evidences from the Vindhyan Supergroup,
Chhattisgarh Supergroup, Bhima and Kurnool groups
do not suggest their age ranging from Ediacaran (terminal
Proterozoic) – Cambrian. Presence of macroscopic fossil
Chuaria – Tawuia and dominant acritarchs belonging to
Sphaeromorphida suggest the date earlier than pre-
Sturtian glaciation.
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