The Palaeobotanist 57(2008) : 359-378
0031-0174/2008 $2.00

Ediacaran microbiota from the Baliana and
Krol groups, Lesser Himalaya, India

MANOJ SHUKLA', VK. MATHUR?* RUPENDRA BABU' aND
D.K. SRIVASTAVA?

'Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, India.
’Geological Survey of India, Northern Region, Sector E, Aliganj, Lucknow 226 024, India.

(Received 17 April, 2008; revised version accepted 11 July, 2008)

ABSTRACT

Shukla M, Mathur VK, Babu R & Srivastava DK 2008. Ediacaran microbiota from the Baliana and Krol groups,
Lesser Himalaya, India. The Palaeobotanist 57(3) : 359-378.

The different lithofacies of Infra Krol Formation of Baliana Group, Chambaghat and Mahi formations of Krol
Group exposed in eight synclines of the Krol Belt in Lesser Himalaya have yielded rich Ediacaran microfossil assemblage.
It is the first comprehensive account of excellent preservation of microfossils from these synclines. The assemblage
comprises forty-one (41) taxa; three groups of the organic-walled microfossils (OWM)- A. algae (cyanobacteria and
rhodophytes), B. protists and C. unknown affinities of biological forms, viz. multicellular cylindrical tubular and vase
shaped microfossils (VSM). Studied litho-units include the black carbonaceous shale of Infra-Krol Formation of the
Baliana Group; the phosphatic black chert lenticles and shale partings associated with quartz arenite of Chambaghat (Krol
Sandstone) and black chert nodules associated with argillaceous limestone and shale of Mahi formations of Krol Group.
The microfossil yielding succession conformably overlies the Cap Carbonate - a global marker lithounit of Blaini
Formation, the base of the Ediacaran Period. Infra Krol, Chambaghat and Mahi formations underlies the Jarashi and
Kauriyala formations of Krol Group which have yielded diversified soft bodied Ediacaran metazoans.

In the reported OWM assemblage, fifteen taxa of prokaryotes are comparable with the extant cyanobacteria
belonging to Chroococcales, Entophysidales, Oscillatoriales and Nostocales. The acritarchs belonging to sphaeromorphida
and sphaerohystrichomorphida subgroups are represented by twenty-two taxa. The two taxa of multicellular algal thalli
(primitive/juvenile stage) of phylum Rhodophyta represents Wengania and Thallophyca, and single taxon of the two
forms represented by vase-shaped microfossils (Melanocyrillium hexodiadema) and multicellular cylindrical tubular
(Sinocyclocyclicus guizhouensis) of unknown affinities.

The recovered assemblage has close affinities with those microfossils known from the Ediacaran sediments exposed
in other parts of the world, viz. Australia, Brazil, Canada, China, Finland, Namibia, Norway, Spitsbergen, Svalbard, Sweden,
and Russian platform. The Krol Belt assemblage is exclusively characterized by the dominance of distinctive large sized
acanthomorphs acritarchs (Filisphaeridium, Echinosphaeridium, Tianzhushania, Ericiasphaera, Meghystrichosphaeridium
and Papillomembrana) followed by medium sized Goniosphaeridium, Gorgonisphaeridium, Trachyhystrichosphaera,
Cymatiosphaeroides, Vandalosphaeridium, etc.), small spinose acritarchs (Micrhystridium and Paracymatiosphaera) and
a few breakable/characteristic cyanobacteria (Bavlinella, Salome, Obruchevella, Sinocyclocyclicus, etc.). With meagre
radiometric data available for Krol Belt of Lesser Himalaya, the present microfossil assemblage is recognized in establishing
the biostratigraphic and environment framework for the investigated successions. The present microbial assemblage
corroborates the age of the above succession to Ediacaran Period (630-542 Ma) and also supports the view that these
formations were laid down in a tidal flat environment.

Key-words—Cyanobacteria, Acritarchs, Ediacaran biota, Baliana Group, Krol Group, Lesser Himalaya, India.
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INTRODUCTION

HE Neoproterozoic-Early Cambrian succession

represented by the Baliana-Krol-Tal groups is well
exposed in the various synclines of Krol Belt, Lesser Himalaya,
India (Shanker, 1989; Shanker et al., 1993). The Baliana-Krol-
Tal succession has close stratigraphic similarity with the
Nantuo-Tsanglangpu succession of China (Kumar, 1984; Jiang
et al., 2003; Knoll et al., 2006). The black carbonaceous shales
and black chert nodules of the upper part of the Infra Krol
Formation of the Baliana Group exposed in the Nainital, Garhwal
and Mussoorie synclines in Uttaranchal; and Nigalidhar,
Kamlidhar, Krol and Pachmunda synclines in Himachal Pradesh
(Figs 1, 2—sections a-f, i and j) yielded Organic-walled
microfossils (OWMs), i.e. cyanobacteria, acritarch, and
Incertae sedis (plants/animal) forms i.e. multicellular cylindrical
tubular and vase-shaped microfossils (VSMs). The phosphatic
chert lenticles and black shale partings associated with quartz
arenite of the overlying Chambaghat (Krol Sandstone)
Formation, well exposed in Kamlidhar Syncline, H.P. (Figs 1,2
- section g) yielded similar microbiota besides rhodophytes

and forms of unknown affinities (plants/animal), i.e.
multicellular cylindrical tubular structure. The black chert
nodules associated with argillaceous limestone and shale of
Mahi (Lower Krol) Formation of the Krol Group is well exposed
in the Kamlidhar, Krol and Pachmunda synclines, H.P. (Figs 1,
2-sections g, h, i and j) yielded OWMs described in present
text. The black chert nodules associated with black shale of
the Infra Krol Formation in Manora-Hanumangarhi mule track
section in Nainital Syncline belong to Mahi Formation as
seemingly akin lithounits of Mahi Formation in Kamlidhar, Krol
and Pachmunda synclines overlie the Chambaghat Formation
(exposed west of Dadhau in H.P. only). Chambaghat Formation
overlies the black shale of Infra Krol Formation. The Ediacaran
(Terminal Neoproterozoic) microbiota (acanthomorphs and
cyanobacteria remains) have previously been studied in Lesser
Himalayan sediments of Infra Krol Formation of Baliana Group
and Chambaghat & Mahi formations (=Krol A) of Krol Group
in Uttaranchal and Himachal Pradesh (Acharyya et al., 1989;
Prasad et al., 1990; Kumar & Rai, 1992; Tiwari & Knoll, 1994;
Tiwari & Pant, 2004; Shukla et al., 2005a, b; Maithy & Kumar,
2007; present study). The Ediacaran macrofossils have also
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been described from the Krol Group (Mathur & Shanker, 1989,
1990; Shanker & Mathur, 1992; Shanker et al., 1997, 2004;
Mathur & Srivastava, 2004). The present microfossil
assemblage also occurs in the Neoproterozoic sediments (ca.
1000-542 Ma) of Arizona, Australia, Brazil, Canada, China,
Finland, Greenland, India, Namibia, Norway, Spitsbergen,
Svalbard, Sweden, and Russian Platform (Bloeser et al., 1977,
Yin & Li, 1978; Tynni & Donner, 1980; Awramik ef al., 1985;
Zhang, 1989; Knoll, 1996, 2003; Yankauskas et al., 1989;
Pyatiletov & Rudavaskaya, 1990; Vidal, 1976, 1990; Kolosova,
1991; Butterfield et al., 1994; Maithy & Babu, 1997; Zhang et
al., 1998; Yuan & Hofmann, 1998; Xiao & Knoll, 1999;
Samuelsson & Butterfield, 2001; Yin, 2001; Samuelsson et al.,
1999; Zhou et al., 2002; Grey et al., 2003; Yin et al., 2004; Nagy
& Porter, 2005; Prasad et al., 2005). The implications of the
microbial finding, both protists and prokaryotes, based on the
morphology and chemo fossil data in associated well dated
samples are very significant in building biostratigraphy
(Fensome et al., 1990; Knoll, 1996, 2003; Jenkins et al., 1992;
Zang & Walter, 1992a, b; Sarjeant & Stanchiffe, 1994; Zang,
1995; Yin & Gao, 1995; Vidal & Moczydlowska, 1997; Knoll &
Sergeev, 1995; Samuelsson & Butterfield, 2001; Prasad &
Asher, 2001; Grey et al., 2003; Géucher et al., 2005). The
ecological and environmental factors were responsible to the
complexity and diversification of the microphytofossils and
their relics (Horodyski et al., 1977; Vidal & Nystuen, 1990;
Vidal & Knoll, 1982; Green et al., 1988; Hofmann & Jackson,
1991; Knoll et al., 1991; Germs, 1995; Kah & Knoll, 1996; Vidal
& Moczydlowska, 1997; Grey & Corkeron, 1998; Géaucher et
al., 2005). The lineage of the cyanobacteria and other algae
with eumetazoan, because of the sufficient amount of oxygen

released through photosynthesis is responsible to rapid
evolution and diversification in Terminal Neoproterozoic
Period (Peterson & Butterfield, 2005).

The aim of the present study is to analyze the microfossils
data for regional as well as global correlation and evaluate
palaeoenvironments of the sediments in this area.

MATERIAL AND METHODS

The surface samples of silicified carbonaceous black
shale associated with chert nodules belonging to different
formations of Baliana and Krol groups, were collected by two
of us (VKM and DKS) from the eight synclines of the Krol
Belt, Lesser Himalaya, India (Figs 1 & 2). The microfossil
studies were carried out at Birbal Sahni Institute of
Palaeobotany, Lucknow by two of us (MS and RB). All taxa
described below are recovered in both petrographic thin
sections and residues using standard maceration techniques.
Centrifuge and sieving have not been applied during
maceration to avoid disintegration of biological remains.
Petrographic thin sections were prepared along the bedding
planes of the rocks. The specimens are well-preserved and
dark brown in colour. The detailed systematic descriptions of
the uncommon microbial elements are being given here only
while other published taxa (Shukla et al., 2005a, b) are tabulated
in Fig. 3. The slides have been examined and micro
photographed in 100 X (under immersion oil) through
transmitted optical light in Olympus BH2 microscope. All the
slides and micro photographed negatives are deposited at the
Museum of Birbal Sahni Institute of Palaeobotany, Lucknow,
India.

GROUP FORMATION LITHOLOGY AGE
Calcareous shale, limestone, dolomite, siltstone, dolomitic
limestone interbedded with shale, siltstone, quartz arenite and
KAURIYALA lack lenticul h ive bluish li ith
(= Krol C. D and E) b ack lenticular chert, massive bluish grey limestone with or
without gypsum r4
- < ©
g JARASHI ( = Krol B) Purple and greenish shale with thin limestone with or without ~ ;
4 gypsum <
&) N
MAHI ( = Krol A) Argillaceous limestone interbedded with shale and marl < (=}
CHAMBAGHAT Quartz arenite ; :
(= Krol Sandstone) = =
« Bleached and black pyritous shale with thin siltstone =
Z =4
=< INFRA KROL Pinkish limestone, -9
= diamictite interbedded with quartz arenite and shale — =
= BLAINI q o =
Unconformity o r 4
& Oz
P . o O«
% NAGTHAT Quartz arenite and thin siltstone =
= ~
= &)

Fig. 4—Generalised stratigraphic set up of the Baliana-Krol Succession in Uttaranchal and Himachal Pradesh, Krol Belt, Lesser Himalaya, India

(after Shanker et al., 1993).
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GEOLOGICAL SETTING

The Neoproterozoic Baliana and Krol groups rest
unconformably over the Early Neoproterozoic Jaunsar/Simla
Group. The Baliana Group is divisible into the Blaini and Infra
Krol formations. The Blaini Formation represented by diamictite
interbedded with quartz arenite and shale is generally capped
by pink limestone. The Infra Krol Formation comprising of
black and bleached shale + cherty nodules with thin silty layers
conformably overlies the Blaini Formation. The Krol Group
conformably overlies the Infra Krol Formation and comprises
four formations in the ascending order namely; Chambaghat
(Krol Sandstone), Mahi (Lower Krol), Jarashi (Middle Krol)
and Kauriyala (Upper Krol). The Chambaghat Formation
comprises quartz arenite with or without lenticles of phosphatic
chert and shale. It is restricted in the northwestern part of the
Krol Belt. Mahi (Lower Krol) Formation is represented by
argillaceous limestone interbedded with greenish grey shale
and siltstone. Jarashi Formation comprises purple and greenish
shale with lenticles of dolomitic limestone and gypsum beds.
In the Garhwal and Nainital synclines the upper part of this
formation shows shale — siltstone intercalations with rhythmic
and lenticular bedding. Kauriyala Formation comprises bluish
grey limestone, microbial dolomite with black lenticular chert
and thin calcareous shale, siltstone and quartz arenite partings.

The Baliana and Krol groups cover the time interval from
Early Neoproterozoic to Ediacaran (Terminal Neoproterozoic)
Period. It is significant that the pink carbonate overlying the
uppermost diamictite of Blaini Formation correlates well with
the Cap Carbonate above the Marinoan tillites of Australia
and Nantau tillites of China. Pink carbonate forms the base of
the Ediacaran Period (Knoll e al., 2006). The generalized
lithostratigraphic succession of the Baliana-Krol-Tal
succession in Uttaranchal and Himachal Pradesh, Krol Belt is
shown in Fig. 4.

SYSTEMATICS

A. Cyanobacterial (Prokaryotes) remains

Class—Coccocogoneae Thuret, 1875
Order—Chroococcales Wettstein, 1924
Family—Chroococcaceae Nigeli, 1849
Genus—Palaeoanacystis Schopf, 1968
Type species—Palaeoanacystis vulgaris Schopf, 1968
Palaeoanacystis vulgaris Schopf, 1968

(PL1.11)

Description—Colony, sphaeroidal-subsphaeroidal,
90.5-92 um, mucilaginous sheath indistinct around the colony,
counted 20-25 cells, cells usually spherical in shape, some
cells polygonal owing to distortion and compression, psilate,
8-8.2 um, wall thick, 0.5-1 um, smooth surface, wall single
layered.

Remarks—The present form is morphologically similar
to the known Palaeoanacystis vulgaris Schopf reported from
the Bitter Springs Formation, Australia (Schopf, 1968), Belcher
Islands, Canada (Hofmann, 1976), ill preserved from the
Bagalkot Formation, Kaladgi Group (Viswanathiah ez al., 1978,
1984; Venkatachalapathy & Ravindra, 1984); Bababudan
Formation, Dharawar Supergroup (Viswanathiah &
Venkatachalapathy, 1980), Voblapur Group (Venkatachalapathy
& Basavaraju, 1986), Patherwa Formation of Semri Group
(Nautiyal, 1983), Kushalgarh Formation, Delhi Supergroup
(Mandal et al., 1984); Infra Krol Formation, Krol Belt, Nainital
Synform and Buxa Dolomite Formation, Buxa Group (cited
references in Shukla ez al., 2006).

Class—Hormogoneae Thuret, 1875
Order—Nostocales Wettstein, 1924
Family—Oscillatoriaceae Négeli, 1849

Genus—Obruchevella (Reitlinger) Yakshin & Luchinina
emend. Knoll, 1992

Type species—Obruchevella delicata Reitlinger, 1948

Obruchevella valdaica (Schepeleva ex Aseeva) Yankauskas

Kingdom—Eubacteria Woese & Fox, 1977 etal., 1989
Phylum—Cyanophyta Stanier et al., 1978 (PL.1.10,14)
PLATE1
(Bar showing the magnification mentioned in each fig.)
1. Salome hubeinsis Zhang, Slide BSIP No. 13492. 10. Obruchevella valdaica (Schepeleva ex Aseeva) Yankauskas er
2. Salome hubeinsis Zhang, Slide BSIP No. 13492. al., Slide BSIP No. 13492.
3. Salome hubeinsis Zhang, Slide BSIP No. 13492. 11. Palaeoanacystis vulgaris Schopf, Slide BSIP No. 13492.
4. Thallophyca ramosa (Zhang) Zhang et al., Slide BSIP No. 12. Thallophyca ramosa (Zhang) Zhang et al., Slide BSIP No.
13492. 13492.

5. Salome hubeinsis Zhang, Slide BSIP No. 13492. 13. Salome hubeinsis Zhang, Slide BSIP No. 13500.
6. Sinocyclocyclicus guizhouensis Xue et al., Slide BSIP No. 13492. 14. Obruchevella valdaica (Schepeleva ex Aseeva) Yankauskas er

7, 8. Obruchevella pussiella Golovenok & Belova, Slide BSIP No.
13500.
9. Salome hubeinsis Zhang, Slide BSIP No. 13492.

al., Slide BSIP No. 13495.
15. Salome hubeinsis Zhang, Slide BSIP No. 13492.



SHUKLA et a.—EDIACARAN MICROBIOTA FROM THE BALIANA AND KROL GROUPS, LESSER HIMALAYA, INDIA 367

PLATE1



368 THE PALAEOBOTANIST

Description—Compressed clumpy microfossils with sub
circular outline, 36-88 um, comprising long, tightly coiled
whorls, aseptate filament of the unicellular form, width in range
of 4-10 um and upto several hundred milimicrons in length;
central portion of coiled mass commonly missing, arrangement
of coils more or less concentric, with successive whorls in
well preserved specimens crossing at small acute angles; some
specimens with expending coils apparently arranged with
coaxial whorls.

Remarks—The present form is morphological similar to
Obruchevella valdaica which is known from the Upper
Riphean sediments of the Siberian Platform (Yankauskas et
al., 1989; Mankiewicz, 1992), Thule Supergroup, Greenland
(Samuelsson et al., 1999); Bhander and Buxa Dolomite groups
in India (Prasad & Asher 2001; Prasad et al., 2005; Shukla et
al., 2006). Similar form (Volyniella cylindrica) was described
from the upper Riphean sediments of Hailuoto Formation,
Finland (Tynni & Donner, 1980). A stray record of this taxon is
known from the Baffin Island (ca. 1200-750 Ma) sediments of
Bylot Supergroup, Canada (Hofmann & Jackson, 1994). Similar
empty helically coiled trichome/mucilaginous sheaths
described as a Volyniella valdaica from the Upper Riphean —
Early Cambrian sediments of the Siberian Platform (Aseeva,
1974), is recognized by Yankauskas ez al. (1989) as an. comb.
“Obruchevella valdaica”. However, Ragozina and Sivertseva
(1990) have also recorded similar forms by from Vendian
sediments of the Valdai series, northwestern Arkhangelsk
District, and retained as Volyniella valdaica Aseeva.

Obruchevella pussiella Golovenok & Belova, 1983
(P1.1.7,8)

Description—Tightly coiled trichome with walls of
adjacent whorls touching each other, whorls, 10-20 um length,
diameter 05-10 pm, number of coils more than 10, diameter of
filament 0.5-1 pum, aseptate, unicellular in nature.

Remarks—The present form is morphologically similar
to Obruchevella pussiella, reported from Vendian sediments,
Russian Platform (Golovenok & Belova, 1983). However, the
diameter of the trichome in the present specimens is lesser
than O. minuta from the Yukan Territory, Canada (Allison &
Awramik, 1989) and O. blandita from Svanberfjellet, Svalbard

(Butterfield et al., 1994). There is no acridium like characteristic
feature of the Siphonophycus/ Oscillatoriopsis in the present
specimens.

Genus—Salome Knoll, 1982
Type species—Salome svalbardensis Knoll, 1982
Salome hubeinsis Zhang, 1986

(PL.1.1-3,5,9, 13, 15)

Description—Trichome incomplete, 30-70 um, some time
trichome surrounded by multiple sheath mucilaginous,
uniseriate, unbranched, individual cell disc-shaped with
rounded-subconical, diminution of trichome, terminal diameter
apices, slightly constructed between the adjacent cells, no
heterocysts/akinetes found along the trichome length, thick
mucilaginous sheath present.

Remarks—It is identical to the known Salome hubeinsis
Zhang reported from Late Sinian sediments of Doushantuo
Formation, China (Zhang, 1986; Zhang et al., 1998). An akin
form (empty sheath of Oscillatoriales) has been described as
Eomicrocoleus crassus from the Middle Proterozoic sediments
Dismal Lakes Group, Arctic Canada (Horodyski & Donaldson
1980), Infra-Krol Formation in Solan of Himachal Pradesh and
Nainital of Uttaranchal (see cited reference Tiwari & Pant, 2004).
The present form is brown in colour, inner sheath ranging
20-60 pum in diameter that envelops trichome and a distinct
tendency to crease or break transversely at irregular intervals
along the length of filament. Varied shaped fractured and a
zigzag streak line along the length of septa (P1. 1.1, 5) are formed
due to plasmolysis in harsh conditions. But in cross section
such structures are not seen except pigmented part which is
considered here as a trichome. Trichomes are rarely preserved
(Awramik et al., 1985). Some species of this genus, known
from different places, have been placed earlier in the present
species (Zhang et al., 1998). The Oscillatoriopsis longa is
also akin to these forms based on the empty sheath (Butterfield
etal., 1994).

All the merged various species of this genus are described
by aforesaid workers should be retained as formed initially
because they represent varied preservational gametophytic
stages of a life period (cycle) which is also very short in extant
algal forms.

PLATE2

(Bar showing the magnification mentioned in each fig.)

1. Trachyhystrichosphaera aimica Hermann, Slide BSIP No.
13503.

2-3. Ericiasphaera rigida Zhang et al., Slide BSIP No. 13504.

4-5. Cymatiosphaeroides kulingii Knoll, Slide BSIP No. 13492.

6, 12.  Papillomembrana compata Zhang et al.,, Slide BSIP No.
13492.

—

7-9. Goniosphaeridium conoideum (Kolosova) Zhang et al., Slide
BSIP No. 13492.

*10.  Gorgonisphaeridium maximum (Yin) Knoll, Slide BSIP No.
13498.

11, 13-14. Echinosphaeridium maximum (Yin L.) Knoll, Slide BSIP
No. 13494 13497.
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Genus—Thallophyca (Zhang, 1989) Zhang et al., 1998

Type species—Thallophyca ramosa (Zhang, 1989) Zhang
etal., 1998

Thallophyca ramosa (Zhang, 1989) Zhang et al., 1998

(PL.1.4,12)

Description—Thalli two types, i.e. 1. unicellular,
symmetrical solid bulbous with pedicel, 2. subsphaeroidal
clusters entangled in multicellular mass, length 780 um, width
560 pum, subspherical-spherical medullarly cells forming
reticulation similar to pseudoparenchymatous cells, ranging
10-20 um in size, thick cortex of elongated cells compressed
tangentially to thallus surface is also noticed.

Remarks—This form (P1. 1.12) was also reported earlier
from the phosphate rocks of Doushantuo Formation, China
(Zhang 1989), Chambaghat Sandstone Formation of Krol Group,
Himachal Pradesh (Shukla er al., 2005a). T. ramosa and T.
simplica described from the Doushantuo Formation, China
(Zhang, 1989) considered biosynonymy of 7. ramosa and have
exclusively been compared with extant Solenoporaceae of
Gigantiales/Ceraminales of Rhodophyta (Zhang et al., 1998).
Similar form comparable to extant Corallinales order is also
described in Paleozoic sediments (Johnson, 1960). The
subsphaeroidal body (cavity) with long cylindrical tail (pedicel)
is figured from the Draken Conglomerate, NY Friesland,
Svalbard (Knoll, 1982). The present empty sphaeroidal cavity
with cylindrical tail interpreted here as undeveloped/primitive
carposporangia? (Pl. 1.4) which is an important character of
the red algae. Forms look like VSMs without characteristic
feature (collar) are possible immature sporangia of any taxon
of Rhodophyta.

B. Acritarchs
Subgroup—Sphaeromorphida Timofeev, 1966

Genus—Leiosphaeridia (Eisenack 1958) emend. Downie &
Sarjeant, 1963

Type species—Leiosphaeridia baltica Eisenack, 1958

Leiosphaeridia sp. Yao et al., 2005

(PL.3.6)

Description—Vesicle sub-spherical to sphaeroidal in
outline, size 135 um in diameter, irregularly folded, wall thick,
1-2 pm surface perforated.

Remarks—Morphologically similar form is reported from
ca. Sinian—Vendian sediments Yurtus and Xishanblaq
formations of the Mochia-Khutuk section in southern Tianshan
and northern margin of Tarim Block, south China (Yao et al.,
2005).

Subgroup—Sphaerohystrichomorphida Timofeev, 1966
Genus—Cymatiosphaeroides Knoll, 1984

Type species—Cymatiosphaeroides kulingii Knoll, 1984
Cymatiosphaeroides kulingii Knoll, 1984

(PL. 2.4-5)

Description—Sphaeroidal vesicles, double walled, inner
wall robust, finer granulated less than 1 um, vesicle size 70-140
(125) pm, maximum diameter with outer membrane 64 pm, solid
cylindrical processes arisen from inner wall or membrane,
regularly distributed over vesicle, process size 5 um in length,
no interconnecting septa and division of vesicle into polygonal
field by septa or membrane.

Remarks—Morphologically similar form is reported in
sediments ranging from ca 800-543 Ma of different countries
like Scotia Group of Nordaustlandet, Svalbard (Knoll, 1984),
Chuar Group of Arizona and Uinta Mountains of Utah (Vidal
& Ford, 1985), Tindir Group Canada (Allison & Awramik, 1989).
The Cymatiosphaera membranacea Kirjanov from Lower
Cambrian Upper Dominopol subsuite of Volynia USSR had
been questioned and is basically redesigned /postulated
(Knoll, 1984) under a new genus Cymatiosphaeroides after
critical studies of taxon Cymatiosphaera Wetzel reported in
Palaeozoic sediments, and is akin to the present form described
as Cymatiosphaera from the Bhander Group (Prasad et al.,
2005).

PLATE3

(Bar showing the magnification mentioned in each fig.)

1-2. Tianzhushania spinosa (Yin and Li) Yin C & Liu, Slide BSIP
No. 13497.

3-4.  Meghystrichosphaeridium perfectum (Kolosova), Slide BSIP
No. 13492.

5, 11. Filisphaeridium sp., Slide BSIP Nos 13493, 13494,

6. Leiosphaeridia sp. Yao et al., Slide BSIP No. 13494,

7 Paracymatiosphaera regularis Wang, Slide BSIP No. 13492.

—>

8. Paracymatiosphaera annularis Wang, Slide BSIP No. 13499.

*9. Bavlinella faveolata (Schepeleva) Vidal, Slide BSIP No. 13502.

10. Micrhystridium notatum Volkova, Slide BSIP No. 13492.

*#12.  Vanadlosphaeridium reticulatum (Vidal) Vidal 13504.

*13.  Obruchevella parva Reitlinger, Slide BSIP No. 13496.

*14.  Algal mat c¢f. Siphonophycus septatum (Schopf) Hofmann &
Jackson; S. robustum (Schopf) Knoll, Slide BSIP No. 13501.

*Taxa already described (Shukla er al., 2005a, b)
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Genus—Echinosphaeridium Knoll, 1992

Type species—Echinosphaeridium maximum (Yin L., 1987)
Knoll, 1992

Echinosphaeridium maximum (Yin L.) Knoll, 1992

(PL 2.11,13-14)

Description—Large sphaeroidal vesicles, 250 pum
(commonly 500> um), closely spaced, process; short, 3-6 pm
long and 2-3 um wide at the base, hollow and sharply conical,
imparting an echinate appearance to the vesicle, presence of
thin outer membrane at the tips of processes.

Remarks—The present specimen is morphologically
similar to Echinosphaeridium maximum (Yin L.) Knoll, 1992a
reported from metasedimentary cherts of Baklia Formation,
Scotia Group, Prins Karls Forland, Svalbard (Knoll, 1992b);
Sinian sediments of different regions in southern China (Yin &
Gao, 1995); Infra-Krol Formation, Krol belts in Solan, Himachal
Pradesh (Tiwari & Knoll, 1994) and Doushantuo Formation,
Hubei and Guizhou provinces, China (Zhang et al., 1998; Yuan
& Hofmann, 1998). However, this form has been doubted in
monographic studies on microfossils in Neoproterozoic
sediments of the Svanberfjellet Formation, Spitsbergen
(Butterfield et al., 1994). Trachyhystrichosphaera triangula
is confined hollow small sized spines, low density and bigger
than the E. Maximum in size reported from the Pertatataka
Formation, Australia (Zang & Walter, 1992a). Whereas,
Trachyhystrichosphaera triangula confined solid spines is
reported from the Svanberfjellet Formation, Spitsbergen
(Butterfield e al., 1994).

Genus—Ericiasphaera Vidal, 1990
Type species—Ericiasphaera spjeldnaesii Vidal, 1990
Ericiasphaera rigida Zhang et al., 1998

(PL. 2.2-3)

Description—Vesicles somewhat sphaeroidal, 90-140 um
in diameter, bearing numerous evenly spaced processes,
processes homomorphic, straight, effectively solid, sometimes
a very thin lamina observed, brittle, cylindrical with a slightly
conical base and blunt tip spines, 5-11 pm long and 1 um wide.
Process orientation are coordinated, embedded in common
mucilaginous sheath or envelop, numbers of the species were
recorded. The present form is two in numbers.

Remarks—The present form is identical to the known
Ericiasphaera rigida from the chert sediments of Upper
Doushantuo Formation (ca. 600-550 Ma) of the Tianjiayuanzi
section, western Hubei Province, China (Zhang et al., 1998).
Oscillatoriopsis media Mendelson and Schopf (1982) with
spines like structures described from the chert nodules of the
Infra-Krol Formation of Krol Belt based on diagenesis affect

on the outer surface of the forms (Tiwari & Azmi, 1992; Tiwari,
1996; Tiwari & Pant, 2004) closely resembles the present form.
The Oscillatoriopsis is simple empty mucilaginous sheath that
can not be easily decayed and altered like spiny structures
owing to presence of complex organic substance during
unfavourable conditions.

Genus—Filisphaeridium (Staplin et al.) emend. Sarjeant
and Stanchiffe, 1994

Type species—Filisphaeridium setasessitante Staplin et
al., 1965

Filisphaeridium sp. Zhang et al., 1998

(PL.3.5,11)

Description—Vesicles sphaeroidal-sub cylindrical, 50-
100 um in diameter, bearing numerous, closely spaced, solid,
flexible hair like processes, 5-8 um in size. Single form was
recorded in the assemblage.

Remarks—The present form is identical to
Filisphaeridium sp. reported in chert sediments of
Doushantuo Formation, China (Zhang et al., 1998). A similar
comparable form, Briareus borealis known from the
metasedimentary cherts of Baklia Formation, Scotia Group
Prins Karls Forland, Svalbard (Knoll, 1992b) and is larger than
present form.

Genus—Goniosphaeridium (Eisenack) emend. Turner, 1994

Type species—Goniosphaeridium polygonale (Eisenack)
Eisenack, 1969

Goniosphaeridium conoideum (Kolosova) n. comb. Zhang
etal., 1998

(P1.2.7-9)

Description—Vesicle sub-spherical to sphaeroidal in
outline, measuring 100-200 pym in diameter, bearing sparse
spines (6-15 nos. along perimeter), prominent spines, 30-50
um long and 10-15 um wide at the base, simple sometimes
bifurcate, hollow, freely communicating with vesicle interior
and gradually tapering to sharply pointed tip.

Remarks—This form is a new comb. of the
Goniosphaeridium conoideum, reported from the chert of
upper part of the Doushantuo Formation, China (Zhang et al.,
1998). It is smaller in size than the earlier described forms (G.
acuminatum and G. cratum ) from the Doushantuo Formation,
China (Zhang et al., 1998); coeval shale of Siberian Platform
(Kolosova, 1991), Pertatataka Formation of Australia (Zang &
Walter, 1992a).

Genus—Meghystrichosphaeridium Zhang et al., 1998

Type species—Meghystrichosphaeridium chandianensis
Chen & Liu, 1986
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Meghystrichosphaeridium perfectum (Kolosova) n. comb.
Zhang et al., 1998

(P1.3.3-4)

Description—Vesicle sub-spherical to sphaeroidal in
outline, size 40-50 um (originally 42-200 um in diameter), bearing
numerous regularly spaced processes, 8-12 um in length,
hollow, spine sharp to blunt on the margin and at base and
sometimes folds present.

Remarks—The morphologically similar form is also
reported from the Vendian-Sinian sediments, i.e. eastern
Siberian Platform (Kolosova, 1991); Doushantuo Formation,
China (Zhang et al., 1998) and Buxa Dolomites, Lesser
Himalaya (Shukla et al., 2006).

Genus—Micrhystridium (Deflandre) Lister, 1970

Type species—Micrhystridium inconspicum (Deflandre)
Deflandre, 1937

Micrhystridium notatum Volkova, 1969
(P1.3.10)

Description—Vesicle sub-spherical to sphaeroidal in
outline, size 20-25 pm (originally 16- 33 um in diameter), bearing
numerous irregularly spaced processes, 3-5 um in length,
1-2 um in width, solid hollow, sometimes solid, spine sharp to
blunt on the margin and at base and sometimes folds present.

Remarks—The present form is morphologically similar
to Micrhystridium notatum Volkova recorded from the early
Cambrian sediments of northwest Russian Platform (Volkova,
1969) and Precambrian-Phanerozoic strata of the central
Australia (Sergeev, 1989).

Genus—Papillomembrana (Spjeldnaes) Vidal emend.
Zhang et al., 1998

Type species—Papillomembrana compata (Spjeldnaes)
Vidal emend. Zhang et al., 1998

Papillomembrana compata Zhang et al., 1998
(PL.2.6,12)

Description—Large vesicle, sub-spherical to sphaeroidal
in outline, measuring 518 pm (280-350 um), bearing numerous
evenly spaced an tightly arranged process, processes
30-42 um long, 9-13 um wide at base, and 3-7 um apart, hollow
and openly communicating with vesicle interior, flexible,
cylindrical with little or no distal taper, and bluntly conical at
distal end, proximal contract and bulbous (sometimes
bifurcated distal end, connection between vesicles cavity and
processes is not evident).

Remarks—This form was originally described from the
upper Proterozoic sediments of southern Norway (Spjeldnaes,
1963; Vidal & Nystuen, 1990) and metasedimentary cherts of
Baklia Formation, Scotia Group Prins Karls Forland, Svalbard
(Knoll, 1992b). Morphology of this taxon was compared with
Dasycladacean affinities based on sphaeroidal structures

(Spjeldnaes, 1963). Vidal (1990) subsequently found vesicle
bearing large processes in the Biskopis Conglomerate (upper
Precambrian), Norway and recognized this taxon as a
Papillomembrana. The recovered Papillomembrana taxon
from the phosphoritic cherts of Doushantuo Formation, China
having both characters (sphaeroidal cell like structures and
terminated large sized spines on the body) and was emended
for this form (Zhang et al., 1998). Twice sized identical to this
form is also recorded from the Doushantuo Formation (Yuan
& Hofmann, 1998).

Genus—Paracymatiosphaera Wang, 1985
Type species—Paracymatiosphaera regularis Wang, 1985
Paracymatiosphaera regularis Wang, 1985

PL3.7)

Description—Radially arranged spherical cell like units,
rim of the spines, 6-13 um, outer envelop 12-45 um, dense
spines structures surrounded by another envelop, sometimes
envelop disrupted, solitary with slightly granular surface
textures, spine like surface structures setaceous like, spine
size 3-6 um, equal diameter some spines of greater diameter,
ratio of diameter of the cell wall and envelop 1 : 2.

Remarks—Morphologically similar form is reported from
the SW China and contiguous area (Wang, 1985), Suijingtuo
Formation, Hubei Province and Niutitang Formation, Guizhou,
China (Yin et al., 1992; Yin et al., 2004), and a similar form, i.e.
Comasphaeridium annulare (Wang) n. comb. is also recorded
from the Xishanblaq formations of the Tarim, north-west China
(Yao et al., 2005). Akin taxon Cymatiosphaera membrancea
(rim width and vacuole dimension ratio = 1 : 4) described from
the Chulaktau and Kotak Formation of central Kazakhstan
(Sergeev, 1989), is twice time bigger than present form.

Paracymatiosphaera annularis Wang, 1985

(P1.3.8)

Description—Vesicle subspherical to sphaeroidal in
outline measuring 9-38 um, average 16-20 um, outer envelop
12-40 pm, the ratio is about 4 : 5, distinct regular radially arranged
short densely processes, 1.5-3 um in length, and 0.50 pm width,
countable process 40 or more.

Remarks—Morphologically similar form is reported from
the middle-upper Proterozoic and lower Phanerozoic sediments
of southwest China and Contiguous area (Wang, 1985),
Neoproterozoic - lower Cambrian sediments of Suijingtuo
Formation, Hubei Province, Yargiaping Formation, Hunnan and
Niutitang Formation, Guizhou, China (Yin et al., 1992; Yin et
al., 2004). Similar forms (genera) have also been reordered
from the Cambrian sediments belonging to Xishanblaq
formations (Tarim, North-west China) considered as
Comasphaeridium annulare (Wang) n. comb. (Yao et al., 2005).

Genus—Tianzhushania (Yin L & Li, 1978) emend. Yin C &
Liu, 1988
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Type species—Tianzhushania spinosa (Yin L & Li, 1978)
emend. Yin C & Liu, 1988

Tianzhushania spinosa (Yin & Li) emend. Yin C & Liu, 1988

(PL.3.1-2)

Description—Vesicles spherical, size 350-750 um, consist
multilayered, processes penetrate these layers, arise from the
external membranes (primary vesicle wall), conical spines on
the surface, 6 um long, 4-6 um broad at the base, hollow,
process bearing inner vesicle enveloped by the thin smooth
layer.

Remarks—Morphologically similar form is reported from
Precambrian-Cambrian sediments of China (Yin & Li, 1978; Yin
& Liu, 1988). This form is the most characteristic in Doushantuo
and other Neoproterozoic formations, China (Zhang et al.,
1998). A morphological similar fossil Trachyhystrichosphaera
sp. is also known from the late Precambrian metasedimentary
chert of the Scotia Group, Prins Karls Forland, western Svalbard
(Knoll, 1982) and unnamed specimens of unknown affinities
from the Infra-Krol Formation, Lesser Himalaya (Tiwari & Knoll,
1994) were earlier kept in the present genus (Zhang et al.,
1998).

Genus—Trachyhystrichosphaera (Timofeev & Hermann =
German) Hermann and Jankauskas in Yankauskas ez al., 1989

Type species—Trachyhystrichosphaera aimica Hermann
(in Timofeev et al., 1976) German et al., 1989

Trachyhystrichosphaera aimica Hermann, 1976

(PL.2.1)

Description—Vesicles spherical, elongated due to
preservation, irregularly folded, 100-180 pm in length and 40-
60 um in with, wall moderately thick, finely granular, 14 processes
counted, hollow, conical and sparsely placed, 6-10 um long, 4-
6 um broad at the base.

Remarks—Morphologically similar form reported from
Upper Riphean to Early Neoproterozoic sediments of the Siberia
and Russian Platform (Hermann in Timofeev et al., 1976;
Yankauskas et al., 1989), early Neoproterozoic sediments,
eastern Officer Basin, Australia (Zang, 1995) and Ediacaran
Buxa dolomites, Siang District, Arunachal Lesser Himalaya,
India (Shukla et al., 2006).

C. Incertae sedis
Genus—Sinocyclocyclicus Xue et al., 1992

Type species—Sinocyclocyclicus guizhouensis Xue et al.,
1992

Sinocyclocyclicus guizhouensis Xue et al., 1992

(PL.1.6)
Description—Cylindrical structures similar to trichome,
460 um long and 200 um wide, containing slightly convex cross-
walls, partitioned tubular structures unit 15-17 ym long, along

much of the fossils, having some grainated organic substance
in the central portion and hyaline along the periphery. Two
numbers of the species were recorded.

Remarks—This form is earlier recorded from the Lower
Cambrian Shuijingtuo Formation of Miaohe, Zingui, Hubei
Province of China (Yin et al., 1992). Similar form considered as
a skeletal fossils from the Upper Sinian Doushantuo Formation,
Weng‘an Guizhou Province, China, interpreted as stacked
ossicles in crinoid columnal (Xue et al., 1992) and recently
described as sheath of the biological entities from the
Doushantuo Formation of Yangtze Gorges, China (Zhang et
al., 1998). The width of the present recorded form is less than
the earlier described by aforesaid workers. Similar skeletonised
algal tube has been reported from the terminal Proterozoic
sediments of Nama Group (Grant et al., 1991). Such type of
tubes are formed possibly through natural decaying of the
intracellular organelles and the drying of mucilaginous sheath
entombed in sediments.

DISCUSSION AND CONCLUSION

The recovered forty-one (41) taxa of Ediacaran
Assemblage (Fig. 3) represents twenty-two taxa of protists
(sphaeromorphs and acanthomorphs), seventeen taxa of algae
(15 taxa of prokaryotes, viz. coccoidal and filaments with or
without mucilaginous sheath including helically coiled forms
along with two taxa of the rhodophytic algae), and single taxon
of the two forms of the unknown affinities, i.e. multicellular
cylindrical tubular structures and vase-shaped microfossils
(VSMs), have been recovered from the eight synclines
belonging to upper part of the Infra-Krol Formation of the
Baliana Group, Chambaghat and Mahi formations of Krol
Group exposed in the Krol Belt, Lesser Himalaya (Figs 1, 2).
The detected prokaryotes taxa are comparable with extant
cyanobacteria belonging to chroococcacales, entophysidales,
oscillatoriales and nostocales (Desikachari) while protists taxa
are comparable with sphaeromorphida and
sphaerohystrichomorphida subgroups of acritarchs
(Mendelson & Schopf, 1992). Fig. 3 shows the microbial
assemblage reported from the three formations, viz. Infra-Krol
Formation of Nainital Syncline, Chambaghat (Krol Sandstone)
Formation belonging to Kamlidhar Syncline (Shukla et al.,
20054, b) and Infra-Krol and Mahi formations of remaining six
synclines of the Krol Belt (present study). The
sphaeromorphs, both simple and ornamented dominates
followed by mesosphaeromorphic acanthomorphs and medium
sized cyanobacterial remains in extreme eastern end of the
Krol Belt, i.e. Nainital Syncline (Fig. 2, section a). Large sized
acanthomorphs and broad sized filaments/trichomes of
cyanobacteria dominate in western end, viz. Pachmunda and
Kamlidhar synclines (Fig. 2, sections g, i and j) over the
assemblage of eastern end (Fig. 2, section a). Additionally,
low amount of the two taxa of multicellular algal thalli (primitive/
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juvenile stage) of Phylum Rhodophyta and single multicellular
cylindrical tubular structures of unknown affinities are only
restricted in west end of Krol Belt. The vase-shaped
microfossils (Melanocyrillium hexodiadema) are recorded
with abundant OWMs bearing sediments of the eight
synclines. In present assemblage, the recovered diversified
fossil microbiotic composition (cyanobacteria and acritarchs
particularly acanthomorphs) mostly compares well with known
assemblage from the Neoproterozoic sediments deposited
globally (Shukla et al., 2005b, Table 1).

The microfossils yielding succession conformably
overlies the pink carbonate of Blaini Formation. It is significant
that the pink carbonate overlying the uppermost diamictite of
Blaini Formation correlates well with the Cap Carbonate above
the Marinoan tillites of Australia and Nantau tillites of China.
Cap Carbonate forms the base of the Ediacaran Period (Knoll
et al. 2006). The Blaini Formation yielded low density bloom
forming OWMs (see cited references in Maithy et al., 1995)
indicating sudden change possible spring blooms that might
be seasonal/annual tides which is well supported by Knoll ez
al. (2006). Infra-Krol Formation of the Mussoorie and Garhwal
synclines are confined in central part of the Krol Belt yielded
rare and ill preserved Ediacaran planktonic Bavlinella (colonial
form) indicating deepening of the basin during this period. It
is closely respondent to any natural drastic/episodic changes
(deeper burial and thermal alteration) during sedimentation.
The similar reports had been earlier referred from Australia,
China, Namibia, and Svalbard (Knoll, 1982, 1984; Zang, 1995;
Grey et al., 2003; Giucher et al., 2005). Chambaghat and Mahi
formations yielded most distinctive Ediacaran protists
assemblage comprising large sized acanthomorphs
(Filisphaeridium, Echinosphaeridium, Tianzhushania,
Ericiasphaera, Meghystrichosphaeridium and
Papillomembrana) and published taxa (Shukla et al., 2005b)
described in the text and published data indicate moderate to
deep ocean shelves basin. Similar phenomenon is also seen/
suggested in tidal flat Neoproterozoic sediments from the
different parts of the world, viz. Norway, Svalbard, Spitsbergen,
Canada (Vidal & Nystuen, 1990; Knoll, 1982, 1984, 1992a, b,
1994; Hofmann & Jackson, 1991; Kah & Knoll, 1996; Lipps,
2006).

Based on nature of morphology, ratio of the coccoidal
and filament forms, cyanobacteria are assumed as the best
indicator of the ecological conditions during that time (Knoll
etal., 1991). Mucilaginous sheath indicate adverse conditions
in the depositional environment (Vidal, 1976; Horodyski et al.,
1977; Knoll et al., 1991; Mansuy & Vidal, 1983). However, the
helically coiled morphology of Obruchevella (Mankiewicz,
1992), is also indicative of harsh and dry condition (regression
stage).

The above microfossil assemblage occurs, in all cases,
over the older Varanger tillites and below the diverse Ediacaran
fauna (Knoll & Walter, 1992; Zang, 1995). The overlying Jarashi
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and Kauriyala formations of the Krol Group contain diverse
Ediacaran metazoans indicate tidal flat environment (Mathur
& Shanker, 1989, 1990; Shanker & Mathur, 1992; Shanker et
al., 1997, 2004; Mathur & Srivastava, 2004).

The analysis of previous information on Ediacaran biota,
chemostratigraphy and diverse protists including prokaryotes
(in present studies) from Baliana and Krol groups indicate
that the deposition of this succession took place in intertidal
or supratidal region and it had occasional contact with open
sea, which is indicated by the presence of open sea planktons
(solitary sphaeroidal cells and group of the cells forming small
sized colonies—Bavlinella, Huroniospora, Eoentophysalis
belonging chroococcacean cyanobacteria and acritarchs). This
contact may be due to occasional flooding which is responsible
to break old and form the new sand barriers by channels
through catastrophic/episodic changes like high tides that
affect in appearance and disappearance of the biological
communities. The palaeobiological evidences do not represent
any post geodynamics effect on the morphology of the OWMs
in present assemblage because of the short lifecycle of these
biological entities and is considered as the best tool for
recognition of terminal Proterozoic rocks of China and Australia
just after glaciations (Knoll & Walter, 1992; Zhou et al., 2006).
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