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Organic-walled microfossils from the
Neoproterozoic black phosphatic
stringers in the Gangolihat Dolomite,
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A well-preserved microbiotic assemblage is recorded
from the Jhiroli magnesite, eastern Kumaun Lesser
Himalaya. The assemblage contains cyanobacterial
filaments, coccoids and acritarchs identified mainly as
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Siphonophycus robustum, S. typicum, S. capitaneum,
Gunflintia minuta, Oscillatoriopsis obtusa, Chloroglo-
eaopsis contexta, Sphaerophycus parvum, Leiosphaeridia
crassa, Trachyhystrichosphaera vidalii, Trachyhystri-
chosphaera sp., Micrhystridium pallidum and Cymatio-
sphaera minuta. Presence of acanthomorphic acritarchs
such as Trachyhystrichosphaera, Cymatiosphaera and
Micrhystridium is important in assigning the age of the
Gangolihat Dolomite. On the whole the microbiotic
assemblage suggests Vendian or younger age for the
Gangolihat Dolomite.

IN recent years, our understanding of early complex life
has enormously improved due to worldwide interest in
microscopic fossils in Neoproterozoic—Cambrian rocks.
A variety of relicts of early multicellular life is found
trapped within Proterozoic sediments which were earlier
seen as a province of cyanobacteria only. Proterozoic micro-
fossils as compared to Palacozoic microfossils, exhibit a com-
paratively low biotic diversity and low morphological
complexity. This low morphological diversity resulted in
fewer characters used for assigning taxa and their correla-
tion worldwide. The Proterozoic carbonate rocks are being
studied extensively for biostratigraphy, palasoecology and
palaeoenvironmental aspects, as well as for gathering informa-
tion on biotic evolution throughout the world' . In the
Lesser Himalayan succession of India, the Krol-Tal seque-
nce4’6, Deoban Formati0n7’8, Vaishnodevi Limestone’ and
Gangolihat Dolomite'” have proved to be significant as they
have revealed well-preserved prokaryotic, eukaryotic and
multicellular life forms. These formations have created
immense interest among palaeobiologists for exploring the
antiquity of multicellular life in the Proterozoic carbonates.
The present communication reports a diverse microbiota
in dark black phosphatic stringers within magnesite in the
Jhiroli magnesite, ~45 km from Almora, in the eastern
part of Kumaun Lesser Himalaya (Figure 1). It is the conti-
nuation of an earlier publication that first documented an
early Vendian organic-walled microfossil and sponge-spi-
cule from Gangolihat Dolomite'. Fossiliferous samples were
collected from pit 1 of magnesite at Jhiroli (79°45°07.56”:
29°45750.03”). In the Jhiroli magnesite section, Gangolihat
Dolomite consists of limestone, cherty limestone, stroma-
tolitic dolomite and phyllitic units. The magnesite horizon
is conspicuous within the section (Figure 2). The individual
magnesite bodies are elongate and dome-shaped and often
stromatolitic.

At places, magnesite has completely replaced the stroma-
tolites and the magnesitized stromatolites not only preserve
the original stromatolitic structure but also the parts already
phosphatized''. Within the cherty phosphatic bands micro-
biotic remains of cyanobacteria and phytoplanktons were
found well preserved.

The vast argillo-calcareous succession exposed in the
Inner Lesser Himalaya has been described as Calc Zone
of Badolisera and Calc Zone of Pithoragarhlz. The succe-
ssion comprises in the ascending order the Rautgara—
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Figure 1. Geological map of the area showing fossil locality after Valdiya''.

Gangolihat—Sor—Thalkedar formations'. It is overlain by
a succession of quartzite and chlorite schist of the Berinag
Formation. Valdiya has divided the carbonate rocks of
the eastern Kumaun lesser Himalaya into two formations,
the older Deoban Formation (= Gangolihat Dolomite) and
younger Mandhali Formation containing Sor slate and
Thalkedar Limestone members. In the present area Sor
slate and Thalkedar Limestone members are not exposed and
the Gangolihat Dolomite is bounded by Rautgara Formation
below and Berinag Formation above. The generalized
stratigraphic succession based on Valdiya and Pant'* is
given in Table 1.

The microfossils in the present study were obtained in
thin sections; maceration of samples using standard palyno-
logical techniques yields only structure-less carbonaceous
matter. The fossil assemblage present in the dark black phos-
phatic stringers within magnesite is dominated overwhel-
mingly by filamentous cyanobacteria. Well-preserved micro-
fossils have only been recovered from the black phosphorite
beds comprised of calcareous and phosphatic interlaminae.
The phosphatic components are generally microsparite (5 tm)
and the calcareous component comprises dolospars.
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Cellularly preserved cyanobacteria, acritarchs, multi-
cellular algae and microscopic metazoans have been de-
scribed from phosphorite of Doushantuo Formation, China
(Xiao ef al." and references therein). In India, well-preserved,
organic-walled microfossils have been described from
chert—phosphorite Member of Tal Formation®. This is an-
other report of organic-walled microfossils from Gangoli-
hat Dolomite, Lesser Himalaya, where microfossils are
found well-preserved within phosphorite stringers. Phos-
phorites thus provide an excellent source for understanding
the early evolution of animal life. The exact process of
phosphate biomineralization is not fully known, but it has
been revealed that even the soft part can become phos-
phatized shortly after death'®. Phosphogenesis needs high
concentration of phosphate added with other physical and
biological processes to increase pore-water PO, "¢,

The population of non-septate and septate filamentous
cyanobacteria, coccoids and acritarchs is identified as Si-
phonophycus robustum, S. typicum, S. capitaneum, Gun-
flintia minuta, Oscillatoriopsis obtusa, Chlorogloeaopsis
contexta, Sphaerophycus parvum, Leiosphaeridia crassa,
Trachyhystrichosphaera vidalii, T. sp., Micrhystridium
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Table 1.

Berinag Formation

Predominantly quartzarenite, locally conglomeratic with interbedded metavolcanics.
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Figure 2. Stratigraphic column of the section showing position of fossi-
liferous samples.

ok Fossiliferous samples

pallidum and Cymatiosphaera minuta. Approximately 75%
of the population consists of cyanobacterial filaments
ranging in size from 0.5 to 40 pm in cross-sectional dia-
meter and 25% of the population consists of coccoids and
acritarchs. Both septate and non-septate filaments are well
preserved. Size frequency distribution of these filaments
shows that the population is dominated by S. typicum.
Some of the smaller filaments may be fragments of larger
filaments which are several micrometres long. Sometimes
pyrite granules are also deposited within the cyanobacterial
sheath and therefore change its original shape and diameter.
Among acritarchs, the most important components are 7ra-
chyhystrichosphaera, Cymatiosphaera and Micrhystridium.
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The microfossils are generally black, indicating moderate
to high degree of organic maturation. The non-septate fila-
ments having diameters ranging from 2 to 40 um are con-
sidered under the genus Siphonophycus. The present popu-
lation contains three species of Siphonophycus. These are
S. robustum (with a cross-sectional diameter of 2.5-3 um;
Figure 3i, n); S. typicum, 4-8 pum (Figure 3 a—c, k, 0); and
S. capitaneum, 16-32 um (Figure 3 e—g, [). Knoll er al."’
emended the genus Siphonophycus to include Eomycetopsis
and Tenuofilum (originally recognized by Schopf'®) as
well as Leiothrichoides German. The genus comprises tubular
microfossils likely to represent the preserved extracellular
sheaths of oscillatorian or nostocalean cyanobacteria. Sipho-
nophycus species constitute the principal filamentous
constituents of Proterozoic benthic mat communities.

Small septate filaments (1 to 2 um in cross-sectional
diameter) are considered here as G. minuta (Figure 3 d).
These are uniseriate, unbranched, curved and septate fila-
ments with variable spacing of cells. Diameter of filaments
ranges between 1 and 1.7 um. Maximum length measured
is 150 um. Well-preserved filaments show presence of septae,
and are sometimes totally carbonized showing constrictions
at the site of septae. Sometimes needle-like projections
are also seen on the outer side of these filaments. The syste-
matic affinity of Gunflintia is unclear. Barghoorn and Tyler'
regarded it as filamentous cyanobacteria. Cloud™ noted
the similarity of Gunflintia filaments to Sphaerotilus and
Leptothrix-type iron bacteria. Golubic et al.*' showed dif-
ferences between heterotrophic Sphaerotilus and chemo-
lithotrophic Leptothrix that may prove Gunflintia is the
ancestor of Leptothrix but not of Sphaerotilus.

Two specimens of Chlorogloeaopsis contexta are docu-
mented here. These are compressed cylindrical aggregate
without envelop, 7-25 um wide, up to 100-110 pm long,
composed of two distinct rows of 10-12 um wide cells
(Figure 3 m). German® illustrated C. contextus as 25 pm
wide; the latter is more like C. zairensis. Hofmann and
Jackson23, however, considered both to be conspecific and
attributed them to the genus C. contexta. The genus was
recognized from the upper part of Bushimay Group,
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a—c, k, 0, Siphonophycus typicum; d, Gunflintia minuta; e-g, 1, S. capitaneum; h, j, Oscillatoriopsis obtusa,

i, Bunch of S. robustum; m, Chlorogloeaopsis contexta; n, Siphonophycus robustum; p, Unidentified compressed
acanthomorphic acritarch; ¢, Trachyhystrichosphaera sp. (arrow points to processes); r, ¥’, Trachyhystrichosphaera
vidalii, v’ is enlarged view of r; s, Sphaerophycus parvum; t, u, Cymatiosphaera minuta; v, Leiosphaeridia crassa;
w—z, aa, Micrhystridium pallidum;. Bar in b, ¢, i is 50 um; I, m, o, p 25 um; a, e-h, j, k, n, ¢, r, ¥’ is 10 pm and

5 um for the remaining.

1300-940 Ma in Zaire™*. Microfossils comparable to C.
contexta are also reported from Vendian of Podolia™.

Uniseriate trichome fragments, identified as Oscillato-
riopsis obtusa Schopf'®, are multicellular, unbranched fila-
ments, 5—7 um in cross-sectional diameter and >300 um
in length. These filaments are characterized by uniform
cell length with rectangular cell outline within individual
filaments (Figure 3 A, j). Butterfield® applied the generic
name Oscillatoriopsis to all undifferentiated Oscillatoria-
like trichomes without clearly developed extracellular
sheaths, and differentiated species on the basis of size
range and cell shape. The present specimens are closely
comparable with O. obtusa® having a cross-sectional dia-
meter of 4-8 um and cells being wider than longer.

Small spheroids of 1.5-4 pm diameter with granular walls
are closely comparable to S. parvum Schopf'™ (Figure 3 s).
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S. parvum has been reported from the Paleoproterozoic
Belcher Islands, Canada”’. It is also known in other Palaeo-
proterozoic formations such as Amelia Dolomite®®, HYC
Pyrite Shale”, Balbirini Dolomite™, Mesoproterozoic Dis-
mal Lake Group of Arctic Canada’', the Mesoproterozoic—
Lower Neoproterozoic Deoban limestone’”, the Neopro-
terozoic Draken Conglomerate of Svalbard®™ and Neopro-
terozoic (Vendian) Infrakrol Formation of India’®.

Spheroidal vesicles 15-20 pm in diameter are identified
as Leiosphaeridia sp. (Figure 3 v). Leiosphaeridia is a com-
mon component in the Proterozoic. The biological affinities
of these microfossils are uncertain.

A well-preserved specimen of acanthomorphic acritarch
is identified here as the Trachyhystrichosphaera vidalii**.
The vesicle is spheroidal with 75 pm in maximum diameter
and bears characteristic hollow pipe-like processes ~12 um

CURRENT SCIENCE, VOL. 87, NO. 12, 25 DECEMBER 2004
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long and 4 um wide (Figure 3 r, 7). These processes open
directly into the vesicle interior. The specimen resembles
closely with the description of 7. vidalii’’, in its diameter
range and tubular processes. Another diagnostic acritarch
is characterized by a vesicle with 10—15 long processes
around the periphery. The diameter of the vesicle is 30 um
and processes are § um long and 2 um in diameter (Figure
3 g). In the specimen the processes are too large and scarce,
which is comparable to Trachyhystrichosphaera sp. (Knoll,
pers. commun.). The type specimen of 7. vidalii was descri-
bed from upper Riphean Hunnberg Formation and Draken
Conglomerate Formation, Svalbard'’**, Upper Riphean in
Russia®*® and Vendian Chichkan Formation of Malokaroy
Group of Central Asia’. Zang” suggested that the assembl-
age represented by Trachyhystrichosphaera vidalii-T.
aimica—Cymatiosphaera kullingii has been used for global
correlation in the early Neoproterozoic. It is observed that
late Riphean forms are comparatively smaller in size. A
single specimen of large (~200 pm), compressed acritarch
presently kept under unidentified acritarch (Figure 3 p),
was also observed in the present assemblage.

Small solitary vesicles with a cross-sectional diameter
of 10-12 um, possessing thick, lighter coloured, non-lami-
nated envelops are comparable to Cymatiosphaera minuta
(Figure 3¢, u). The specimens are characterized by the
presence of crests which divide the vesicle into polygonal
fields. The specimens are abundant and associated with
mats of small coccoids and filamentous prokaryotes and
are comparable to forms reported by Knoll and Swett™,
Volkova”, and Baudet et al.40, but show a narrow size
range. C. minuta is an important part of the assemblage.
These forms are reported from Upper Proterozoic or younger
rocks*!.

Small sub-circular vesicles of 9-14 um diameter range,
covered with small (1-1.5 pm) spiny processes present in
the assemblage are comparable to Micrhystridium pallidum
(Figure 3 w—z, aa). Similar forms are described from up-
permost Proterozoic and lowermost Cambrian formation
of central Mackenzie Mountain, northwestern Canada™.

As already mentioned, the age of the Gangolihat Dolomite
is poorly constrained radiometrically. The Riphean age of
the Gangolihat Dolomite was mainly deduced on the basis
of stromatolites (Kussiella kussiensis, Conophyton garga-
nicum, Conophyton cylindricus, Colonella columnaris, Pli-
catina antiqua, Baicalia bacalica, Minjaria uralica and
Maslovia columnaris). In recent years, microbiotic assem-
blages, including cyanobacterial filaments, acritarchs (acan-
thomorphic, pterospermopsimorphic, and sphaeromorphic
acritarchs), metazoans and metaphytes have proved to be
significant especially for Proterozoic biostratigraphy and
other evolutionary aspects™. Microbenthic assemblages typi-
cally preserved in Palaeoproterozoic and Mesoproterozoic
cherts differ markedly from their Neoproterozoic counter-
parts™. Neoproterozoic biota is more diverse in its contents
of oscillatoriacean trichomes, large unicellular and multi-
cellular eukaryotes®****’. The acritarchs of Neoproterozoic

CURRENT SCIENCE, VOL. 87, NO. 12, 25 DECEMBER 2004

assemblages are characterized by moderately processed
forms™. The presence of cyanobacteria, algae, acritarchs
and possible nematodes suggests an Early Vendian age for
the Deoban Formation®. Further, cyanobacterial filaments,
sphaeromorphic acritarchs and vase-shaped microfossils
suggest a Late Riphean—Vendian age for the Great Lime-
stone’. Interestingly, Neoproterozoic—Cambrian Palaeo-
basidiospores have been reported in the eastern extension
of these carbonate rocks in Nepal®. The discovery of Neo-
proterozoic sponge—spicules and cyanobacteria further
suggested an Early to Late Vendian age for the Gangolihat
Dolomite'®. However, the distinctive large acritarchs descri-
bed from many formations of Early Vendian (Early Neo-
proterozoic 111) age elsewhere, e.g. the Pertatataka Formation
of Australia47, the Doushantuo Formation of China48, the
Scotia Group of Spitsbergen®, and the Infrakrol Formation
of India® are missing in the Gangolihat Dolomite. Recent
researches have suggested that the first appearance of aca-
nthomorphic acritarchs of the genus Trachyhystrichos-
phaera might be used as a basis for establishing the lower
boundary of the Neoproterozoic era’®"**+*. Although
majority of the cyanobacterial filaments and leiosphaerids
are cosmopolitan and stratigraphically long-ranging, certain
distinctive fossils in the assemblage such as Trachyhystri-
chosphaera, Cymatiosphaera, Micrhystridium and the pre-
sence of hexactinellid sponge spicules'® represent elements
that are known from certain formations attributed to the
Vendian and younger age. By comparison with other re-
gions, the present microbiotic assemblage of cyanobacteria,
coccoids, and mainly acanthomorphic acritarchs from Jhi-
roli Magnesite further support the concept of Neoprotero-
zoic (Vendian) or younger age for Gangolihat Dolomite.
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The Upper Cretaceous—Lower Tertiary deposits of the
Cauvery basin show prominent geochemical and isotopic
anomalies preceding the K/T boundary. Analyses of
stratigraphic variations of whole-rock elemental con-
centrations and stable isotopic compositions in the light
of sedimentation history, petrography and mineralogy
of the rocks reveal that these anomalies may be due to
increased detrital influx caused by sea-level and climatic
changes, Deccan volcanism and release of volatile gases
from buried hydrocarbons, presumably gas hydrates.
Comparison of these interpretations with that of K/T
sites located in Guatemala, New Mexico and Israel re-
vealed that these interpretations are in conformity with
records on gradually increasing environmental stress
during Upper Cretaceous that culminated with two
major catastrophic events such as bolide impact and
Deccan Trap volcanism. Thus this communication pro-
vides additional support to the growing acknowledge-
ment of the theory that higher faunal turnover across
the K/T boundary the world over might have been the
result of gradual environmental deterioration rather
than a sudden impact in the global scale.

THE close of the Mesozoic era marked the beginning of an
eventful phase in the geologic history in terms of global
climatic deterioration that left imprints on faunal and floral
distribution and on sedimentary deposits', based on which
it is established that an abrupt boundary separates the
Cretaceous from the Tertiary virtually everywhere in the
global stratigraphic record’. Review of the scenarios for the
Cretaceous/Tertiary boundary event revealed’ that the
oceans were already stressed by the end of the Late Creta-
ceous as a result of the long-term drop in atmospheric CO,,
long-term drop in sea-level and the frequent development
of oceanic anoxia. An increasing body of evidence points
to the presence of abrupt 8'*0 and §"°C changes associated
with the K/T boundary* . At a number of localities, how-
ever, 8'°0 and 8"°C changes have been found to precede the
K/T boundary’. Many researchers’ ' recorded anomalies
of the Platinum group and other geochemical elements far
below the K/T boundary. The anomalies that predate the
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CURRENT SCIENCE, VOL. 87, NO. 12, 25 DECEMBER 2004



