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ABSTRACT

The columnar stromatolitc group Mistassinia Hofmann is dcscribed from the Fawn Limestonc of the Kcinjua Formation from Pataudh
Hill ncar Chopan. The form is charactcrized by bipartitc organization and bimodal development of laminac. 1t is made up of vertically accreting
laminac in the central part of the column, and a sccondary mode of asymmetrical, steeply inclined, obliquely accrcting marginal laminac forming
a partial or complctc cncrustation on the primary central portion. All three known occurrences of this form, including the present onc, arc from
the Palacoprotcrozoic and hence it is suggested that the form can be considered as an important form of this cra and can be uscful both for

intrabasinal and intcrbasinal corrclation.
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INTRODUCTION

Stromatolites have been used for correlation and in
suggesting ages for Precambrian sequences as these are
considered to have a biotic origin and evolved with time. With
the study of Recent stromatolites in the Bahamas, Shark Bay,
Great Salt Lake, Yellowstone hot springs and the Persian Gulf
etc., doubts have been raised for such attempts as it is now
known that the stromatolites are environment-sensitive and
the same microbial community can produce different
morphologies in different environmental settings (Logan et
al., 1964; Monty, 1972 ). However, it has been noted that in
Precambrian sequences hundreds of different stromatolite
morphologies have been reported, whereas in the Recent
only a few simple stromatolite forms have been recorded.
Stromatolites lost their position as the dominant organic
structures after Early Ordovician (Pratt, 1982; Monty, 1973). It
is suggested that in the Precambrian microbial communities
evolved without much competition and in absence of animal
life.  This evolution manifested itself by producing different
stromatolite morphologies, some of which are very unique
and nonrepetitive.  This favours the assumption that there

should at least be some stromatolite morphologies which are
time controlled and could be useful for correlation. Here we
report the unique stromatolite Mistassinia Hofmann from
the Fawn Limestone of the Kheinjua Formation (ca. 1750 —
1650 Ma) from the Pataudh Hill, Chopan area, which shows
bimodal laminae.

GEOLOGICAL SETTING

The Kheinjua Formation is a well recognizable lithologic
unit of Vindhyan Supergroup in the Son Valley section, central
India. The Vindhyan Supergroup occupies a large area in Cen-
tral India stretching from Dehri on Son, Bihar in the east to
Chittorgarh, Rajasthan in the west (Fig.1). It has been subdi-
vided into four groups; in stratigraphic order these are the
Semri Group, the Kaimur Group, the Rewa Group and the
Bhander Group. The sediments of the Semri Group are com-
monly referred to as the Lower Vindhyans while the sedi-
ments of the Kaimur Group, the Rewa Group and the Bhander
Group are traditionally designated as the Upper Vindhyans.
The Semri Group has been further subdivided into four forma-
tions; in stratigraphic order, these are the Basal Formation, the
Porcellanite Formation, the Kheinjua Formation and the Rohtas

Table 1: Stratigraphy of the Kheinjua Formation (the Vindhyan Supergroup) ( Modified after Auden, (1933).

Bhandcr Group
Rcwa Group
Vindhyan Kaimur Group

Supcrgroup

Rohtas Formation

Scmri Group

Khecinjua Formation

Glauconitic Sandstonc
Fawn Limestonc
Olive Shale

Porccllanitc Formation

Basal Formation

Bijwar phyllitcs/Bundclkhand granitcs
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Fig. 1.Gcologeal ln’ﬂf)'(;f‘rhcg\"iﬁdhyan Basin (aftcr Krishnan and Swaminath. 1959). The Chopan arca is marked by a window

Formation. The Kheinjua Formation conformably overlies the
Porcellanite Formation. In the Son Valley section in the Chopan
area, Sonbhadra district, Uttar Pradesh, the Kheinjua Forma-
tion has been subdivided into three members viz., the Olive
Shale, the Fawn Limestone and the Glauconitic Sandstone
(Table 1, Fig. 2). The Fawn Limestone is represented by fawn
weathering siliceous and cherty dolostone with minor bed-
ded chert. A few shale partings are also seen. The Fawn
Limestone conformably overlies the Olive shales and is con-
formably overlain by the Glauconitic Sandstone. The rocks are
unmetamorphosed and more or less undeformed.

Two different lithofacies of the Fawn Limestone are devel-
oped; one is characterized by the development of fawn
coloured dolomite with abundance of chert bands while the
other shows absence of chert bands. The chert-dominated
facies is developed in the northern part of the area in Newar,
Bargwan and Salkhan, while latter is seen in the central east-
ern part of the area at Pataudh Hill (Fig.2). A thickness of
about 20 m is recorded at Newari where coniform stromato-
lites Siren, Cyathotus and Ephyaltes are well developed while

eastwardly, at Salkhan Hill, the best development of Lphyaltes
is seen (Misra and Kumar, 2005). Further south from Pataudh
Hill, Kumar (1976, 1978) has reported Colonnella columnaris
from these dolostones. The present form Mistassinia is asso-
ciated with this horizon. Here chert is absent. The dolomite
shows parallel bedding with development of fenestral fabric.
Penecontemporaneous breccia has also been recorded.

From the chert dominated facies both from the Salkhan
and Newari areas, well preserved microbiota, dominated by
cyanobacteria has been described from the black bedded chert
from the Salkhan and Newari areas (McMenamin ef al., 1983;
Kumar and Srivastava, 1995).

AGE OF THE SEMRI GROUP

About forty years back, Russian workers dated the
Kheinjua glauconites by the K/Ar method (Vinogradov et al.,
1964). The data was reinterpreted by Kreuzer ef al. (1977) by
using a later recommended constant, and  suggested the age
of the Glauconitic Sandstone as 1080 = 80 Ma. In recent years
the SHRIMP method of dating of zircon and Pb-Pb dating of

EXPLANATION OF PLATE 1

A. Longitudinal scction of Mistassinia sp. Arrow marks thc
cncrusting laminac around the main column. Scale = | cm.

B. Longitudinal scction of Mistassinia sp. showing devclopment of
conical laminac. Scale =1 cm

C. Photomicrograph showing fan fabric within the cncrusting

laminac. Scalc = 5 mm

D. Photomicrograph showing dark and light laminac with in the
main column. Scale = 5 mm

E. Photomicrograph showing dark and light inclined cncrusting
laminac. Scale =5 mm
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Fig. 2.Geological map of the Chopan area. Son Valley section, Sonbh

carbonates have been used for the Semri Group (Rasmussen
et al, 2002; Ray et al., 2002; Sarangi ef al., 2004). Pb — Pb
isochron age of 1599 + 48 Ma has been suggested for the
Grypania-bearing Rohtas Limestone by Sarangi et al.( 2004)
while 1601 £ 130 Ma age has been given by Ray et al. (2003)
for the Rohtas Formation. Rasmussen et al. (2002) have dated
the Chorhat Sandstone (= Glauconitic Sandstone) as between
1628 = 8 and 1599 + 8 Ma, based on U — Pb dating of zircon.
Rasmussen et al. (2002) have dated the Deonar Porcellanite (=
Porcellanite Formation) and the Rampur Shale ( =Kheinjua For-
mation) as 1628 + 8 and 1599 + 8 Ma respectively on the basis
of U — Pb zircon (TIMS) method. Considering the above
dates the youngest horizon of the Semri Group, the Rohtas
Formation can be taken as ~ 1600 Ma old. As the Kheinjua
Formation underlies the Rohtas Formation, it can be taken as
ca. 1750 - 1650 Ma old. The Fawn Limestone is about 300 m
below the dated horizon of the Rohtas Formation.

TAXONOMY

Group Mistassinia Hofmann, 1978
Diagnosis: Concentric, bipartite organization and strong
bimodal development of lamina shape.

adra District. Uttar Pradesh ( after Auden , 1933).

Type species: Mistassinia wabassinon Hofmann 1978.

Content: Only type form is known.

Distribution: Lower Albanel Formation, Mistassini Group,
Quebec, Canada, Hutuo Group, China.

Age: Palacoproterozoic.

Mistassinia sp. Hofmann 1978
(P11, figs. A,B,C,D, & E; Fig. 4)

Material: (YMPC 15/94) five specimens from Pataudh Hill,
Sonbhadra District, Uttar Pradesh.

Description: Slender, erect columns with digitate
branching and tuberculate surface composed of two types of
laminae, vertically accreting laminae in the central part of the
column, and a secondary mode of asymmetrical, stceply
inclined, obliquely accreting marginal laminae forming a partial
or complete encrustation on the primary central portion. Both
types of laminae are even to sljghtly wrinkled, cross-sections
are round to brevilobate, diameters centimetric.

Mode of occurrence: 1t occurs as a biostrome exposed at
Pataudh Hill about 1 km from Dala-Chopan road in the Fawn
Limestone (Fig.3). The stromatolite-bearing horizon is
developed in the upper part of the succession made up of
white/yellow coloured dolostone. Generally the form occurs
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Fig.3.Litholog of Pataudh Hill showing the position of thc Mistassinia
bearing horizon.

as isolated colonies. Weathering of stromatolitic and non-
stromatolitic dolostone is more or less same because of which
relief of stromatolites is not well marked even on the weathered
surface.

Column shape and arrangement: The columns are in the
shape of cylinders with smooth margins, erect and almost
parallel to each other. They are about 25 cm in height and 2-6
cm in diameter. Their bipartite arrangement of columns is best
seen on weathered surface. It comprises an axial region of
vertically accreting, more or less symmetrical, convex laminae
of high relief. Around this column a partial or complete
encrustation is seen with oblique laminae. The columns in the
biostrome are slender, erect and unlinked, with a tuberculate
walled surface.

Branching: The columns show passive branching in
which the daughter branches are poorly developed. The
daughter branches are only 1-2 cm in height . The daughter
branch does not show bipartite organization of column i.e.,
only an axial column is present with convex laminae.

Margin structure: The margin or periphery of main axial
column is encrusted by steeply inclined, obliquely accreting
slightly convex laminae. These laminae completely or partially
encrust the main axial column wherever they are present. The
margin of the main column is slightly wavy.

Lamina shape: In an entire column three types of laminac
are found.

Conical Laminae: They are found at the middle portion
of axial column. They are about 1 mm thick in the crestal zone
but becomes thinner at the margins. They are slightly wavy
but less wrinkled in comparison to convex laminac.

Convex laminae: These are found at the upper and lower
portions of axial column and are clearly visible in hand
specimens or slabs. They are thicker in the crestal zone in
comparison to the margins. They are slightly wavy and
wrinkled.

Encrusting laminae: Steeply inclined obliquely accreting
laminae forming encrustation to main column. These laminae
are almost 40-50° inclined to the main column laminae. They
are less wavy and wrinkled in comparison to other two types
of laminae. Only convex laminae are found in daughter
branches. Alternate light and dark coloured laminae are present

Fig. 4. 3D reconstruction of Mistassinia sp.

which can be best studied only under the microscope. Both
axial and peripheral laminae are even or slightly wrinkled and
have the same texture. Generally they are about | mm thick.

Microstructure: Microstructure is basically banded type
and laminae are well differentiated into dark and light coloured
laminae.

Dark coloured laminae: They are usually 1 mm thick but
thickness varies from 0.1 to 2.25 mm The thickness is maximal
at the center. The laminae are wavy to occasionally smooth,
often crenulations can be seen on the upper boundary. The
lower boundary in contact with light laminae is usually smooth
and sharp, however at places this contact can be gradational
also. These laminae hang at the margins covering many lower
laminae but usually they do not form any wall. Conical laminae
in the crestal zone become thick up to four times the convex
laminac. The laminae arc usually fine grained micritic,
equigranular, polygonal to xenotopic made up of dolomite,
occasionally with numerous inclusions up to 0.05 mm wide,
occasional patches of dolomite rhombs are also scen.

Light-coloured laminae: They range from 0.1 to 2.0 mm
thick but generally they are 0.6 mm thick. The thickness
gradually diminishes towards the margins. The laminae are
wavy with occasional sinuosity. Crenulation is also scen.
Contact with the dark laminae is smooth and sharp as well,
occasionally there is a gradational contact. Light coloured
laminae gradually grade into dark laminae. At the margins they
become very thin and overhang on the lower laminae. At
places, they are totally obliterated by dark laminae. The textiure
of light laminae is very similar to that of the dark coloured
laminae, they are slightly coarse grained and xenotopic to
hypidiotopic. However, there are numerous inclusions of dark
patches which very rarely form lenses of dark laminae within
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the light laminae.

Interspaces: Interspaces are filled with broken pieces of
stromatolites, peloids and micrite. Dolomite grains ranging in
size from 20-40 pm are also seen.

Secondary alterations: Neomorphism is distinct in light
coloured laminae at various places and micrite is seen changing
into sparite. Calcite is almost totally altered into the dolomite.
The dolomite grains are about 20-40 pm in light coloured
laminae whereas 10-15 pm in dark coloured laminae. Radiating
crystals forming fan fabric are developed in the encrusting
laminae ata number of places which may be due to replacement
of aragonite crystal by dolomite (Plate I — C).

Comparison: The form shows bipartite organization and
strong bimodal development of laminae that is they are convex
in the lower part and then become conical in the upper part.
This is the typical form which can only be compared with the
Mistassinia described from Palaeoproterozoic Mistassini
Group, Quebec by Hofmann (1978). M. wabassinon shows
larger thickness in light-coloured laminae but has thinner dark-
coloured laminae in comparison to the present form. The most
striking feature of Mistassinia which separates it from the other
known columnar forms is the bimodal nature of the laminae
that corresponds to a bipartite zonal arrangement within the
columns. Jacutophyton differs from Mistassinia in having
multiple structures with nonconical convex laminae
surrounding the central column beginning at the Conophyton
and spreading sideward and upwards.

DISCUSSION

Hofmann (1978) described Mistassinia from the Lower
Albanel Formation of the Mistassini Group, Quebec, Canada
whose age can be considered as Palacoproterozoic on the ba-
sis of the Rb-Srisochron age of 1787 2 55 Ma of the Temiscamie
Formation, the youngest formation of the Mistassini Group.
Subsequently, Mistassinia has also been reported from the
Hutuo Group of China, which has been considered also as
Palaeoproterozoic (Zhu Shixing, 1982; Zhu Shixing and
Huiheng, 1992). Since the upermost part of the Rohtas Forma-
tion has now been dated as ca. 1600 Ma (Sarangi et al., 2004),
the Mistassinia-bearing horizon of the Fawn Limestone which
is ca. 300 m below this horizon can be bracketed between
1650 — 1750 Ma. Misra and Kumar (2005) have suggested the
age of the Kheinjua Formation as ca. 1650 — 1700 Ma on the
basis of the coniform stromatolites such, as Siren, Cyathotes
and Ephyaltes. Thus, Mistassinia appears to be restricted
only in the Palaeoproterozoic. Mistassinia-Siren, Cyathotes -
Ephyaltes assemblage can be used as a diagnostic assem-
blage for the Palaeoproterozoic and can also be used with a
fair degree of confidence for interbasinal correlation and in
suggesting age.

ACKNOWLEDGEMENTS

The authors are grateful to Prof. M.P.Singh, (Head of the
Geology Deptt. University of Lucknow). Dr. Mukund Sharma
(BSIP, Lucknow) and Dr. Purnima Srivastava (University of
Lucknow) for help during the course of investigation. Financial
assistance from DST, New Delhi in the form of a research project

S.KUMAR AND Y. MISRA

is thankfully acknowledged.

REFERENCES

Auden, J.B., 1933. Vindhyan scdimentation in Son Valley, Mirzapur
district.  Memoir Geological Survey of India, 62: 141 - 250.
Hofmann, H.J., 1978. Ncw Stromatolites from thc Aphcbian Mistassini
Group, Qucbee. Canandian Journal of Earth Science 15: 571 —

585.

Kreuzer, H., Harre, W., Kursten, M., Schnitzer, W.A., Murti,K.S.
and Srivastava, N.K., 1977. K/Ar datcs of two glauconitcs from
Chandcrpur Scrics (Chhattisgarh/India). Geologishes Jahrbuck,
B28: 23- 26.

Krishnan, M. S. and Swaminath, J., 1959. The grcat Vindhyan
Basin of northern India. Journal Geological Society of India, 1:
10-30.

Kumar, S. 1976. Stromatolitcs from the Vindhyan rocks of Son Vallcy-
Maihar arca, districts Mirzapur (U.P.) and Satna (M.P.). Jowrnal of
the Palacontological Society of India, 18: 13 — 21.

Kumar, S. 1978. Stromatolites and cnvironment of deposition of the
Vindhyan Supcrgroup of Central India. Journal of the
Palacontological Society of India, 21-22: 33 — 43.

Kumar, S. and Srivastava, P. 1995. Microfossils from the Kheinjua
Formation, Mcsoprotcrozoic Scmri Group, Newari arca, Central
India. Precambrian Research, 74: 91-117.

Logan, B.W., Rezak, R. and Ginsburg, R.N. 1964, Classification
and cnvironmental significance of stromatolites, Journal of Geology,
72: 68 — 83.

McMenamin, D.S., Kumar, S. and Awramik, S.M. 1983. Microbial
fossils from the Kheinjua Formation of Middle Protcrozoic Scmri
Group (Vindhyan) Son Vallcy Arca, Central India. Precambrian
Research, 21: 247-271.

Misra, Y. and Kumar, S. 2005. Coniform stromatolitcs and thc
Vindhyan Supcrgroup, Central India: Implication for Basinal
Corrclation and Age. Journal of the Palacontological Society of
India, 52: 153 - 167.

Monty, C.L.V. 1972. Rccent stromatolite dcposits, Andros Island,
Bahamas, Prcliminary Report. Geologishes Rundschau, 61: 742 —
783.

Monty, C.L.V. 1973, Prccambrian background and Phancrozoic history
of stromatolitic communitics, an overview. Annales de la Societe
Geologigue de Belgique, 96: 585 ~ 624.

Pratt, B.R. 1982. Stromatolitc decline — A consideration. Geology, 10:
512 —~ 515,

Rasmussen, B.,Bose, P.K., Sarkar, S., Banerjee, S., Fietcher, [.R.
and McNaughron, N.J. (2002). 1.6 Ga U-Pb zircon age for the
Chorhat Sandstonc, Lower Vindhyan, India: Possible implications
for carly cvolution of animals. Bulletin Geological Society of
America 30: 103-106.

Ray, J.S., Marin, M.W.,, Veizer, J. and Bowning, S.A. (2002). U-
Pb. zircon dating and Sr isotopc systcmatics of the Vindhyan
Supcrgroup, India. Bulletin Geological Society of Amcrica, 30:
131-134.

Ray, J.S., Veizer, J. and Davis, W.J. (2003). C, O, Sr and Pb isotope
systcmatics of carbonatc scquence of the Vindhyan Supergroup,
India : age, diagencsis, corrclations and implications for global
cvents. Precambrian Research, 121 @ 103-140.

Sarangi, S., Gopalan, K. and Kumar, S. 2004. Pb-Pb agc of carlicst
megascopic , cukaryotic alga bearing Rohtas Formation, Vindhyan
Supcrgroup, India: implications for Prccambrian atmospheric
oxygen cvolution. Precambrian Research, 132: 107 — 121.

Vinogradov, A.P., Tugarinov, A.lL., Zhirkov, C.I., Stupnikova, N.I.,
Bibikov, E.V. and Khorre, K. 1964. Gcochronology of Indian
Precambrian. Report 22" International Geological Congress, New
Delhi, 10: 553-567.

Zhu Shixing, 1982. An outlinc of studics on thc Prccambrian

stromatolitcs of China. Precambrian Research, 18: 367 - 396.

Shixing, and Huineng, C. 1992. Charactcristics  of

Palacoproterzoic stromatolites in China. Precambrian Research,

57: 135 - 163.

Zhu

Manuscript Accepted January 2007



