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ABSTRACT

Tne strom stolite assemblages from both Peninsular India as well as the Himalaya are reviewed in
the light of their biostratigraphic usefulness. These assemblages are divided into three groups : (1) Stroma-
tolites of the pre-Riphean sequences, (ii) Stromatolites of the Riphean sequences and (iii) Stromatolites of
the Vendian-Lower Cambrian Krol-Tal succession of Lesser Himalaya. The Krol-Tal succession was
ssigned ages varying from Precambrian to Cretaceous. But, receatly the Veadian stromatolites and Arch-
acocyatha have been recorded from the Krol Formation and Protoconodonts, Cambrian stromatolite and
trilobites have beea discovered from the Tal Formaticn. Precambrian-Cambrian boundary has been sugges-
ted near the contact of the Krol and Tal F ormaticns. Stromatolites belonging to the pre-Riphean
sequences have been reported only from the Peninsular India from the Delhi Supergroup, Bijawar,
Aravalli and Iron Ore Groups. Ripnean stromatolites have been described in Peninsular India from the
Cuddapah, Delhi, Kurnool and Vindhyan Supergroups and the Kaladgi and Raipur Groups. From the
Him _laya, the Riphean forms have been described from the Jammu Formation, the Simla, Decban, Garhwal
and Buxa Groups, the Shali and Larji Formations, the Tunda Patthar Limestone and the Cale Zones
of Pitnoragarn and Tejam. Stromatolite morpholegies support 2 Vendian age to the Krol Formation
and early Gambrian age to the Tal Formation.

In some sedimentary sequences, like the Vindhyan Supergroup, the Jammu Limestone (I'ormation),
the Aravalli Group and the Cale Zone of Pitnoragarh. the stromatolite assemblages are non-repetitive when
traced from older to younger horizons and thus support their use in interbasinal correlation. At the same
time the stromatolite assemblages of the Cale Zone of Pithoragarh, the Vindhyan Supergroup, the Jammu
Limestone and the Buxa Group correspond well with the Riphean stromatolites of U.S.S.R. and help in inter-
basinal correlation. Nevertheless, the Riphean-type stromatolites have also been reported rom the pre-Rip-
hean sequenceslike the Aravalli and Bijawar Groups and the Delhi Supergroup and as such these stromatolites
need restudy with precise identification to clarify this point. However, in all the reported occurrences
of stromatolites both in the Peninsular India as well as in Himalaya, the stromatolites always belong to
Precambrian sequences except inthe Tal Formation where the upper age limit may be early Cambrian.

INTRODUCTION

Stromatolites have been reported from the rocks which are generally
devoid of definite megafossils both in the Peninsular as well as Himalayan regions
of India. In the absence of any other data except the lithological similarity, there
has been a strong tendency to use stromatolite assemblages in biostratigraphic corre-
lation in India as the use of these assemblages has been found to be quite successful
in different parts of the world (see Preiss, 1976). On the other hand, an under-
standing of the morphogenesis of the Recent stromatolites has raised questions about
such correlations as it has been demonstrated that the stromatolites are environmental
sensitive (LoGan, 1961 ; LocaN et al. 1964: MonTy, 1972). Yet, many of the mor-
phologies used in biostratigraphy have no modern analog (Awramix, 1977). Stroma-
tolites, characteristic of the Riphean, have been reported from pre-Riphean sequences
(Hormann, 1977). In the light of the above findings the present paper reviews the
occurrences of Indian stromatolites with special reference to their usefulness in

biostratigraphic correlation.
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STATLS OF STROMATOLITE STUDY IN Ianp1a

The study of stromatolites in India is still in a developing stage. There
has been a large number of reports on stromatolites from different parts of India
but in most of these reports no standard methodology has been follow ed in describing
the stromatolite forms ‘Ktvamar, 1680G,. Three-dimensional reconstructiors of most
of the forms are still desirable for more precise taxornomic descriptions and assign-
ments.  In spite of these handicaps in dealing with stromatolite data, it is felt that
published data should be objectively evaluated to know and understand the role of
stromatolites in Precambrian biostratigraphy of India.

-
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Fig. 1. Distribution of sedimentary rocks in India. 1. Prec.mbrisn sedimentary rccks-in tie Hima'aya
including tne Blaini-Krol-Tal succession . 2

2. Precambrian sedimentary rocks in Peainsuler India
(Modified after Krishnan, 1960 and Gansser, 1964).
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DISTRIBUTION OF STROMATOLITES
Indian stromatolite occurrences can be subdivided into two areas (Fig. 1):

I. Stromatolites of the Peninsular India
IT. Stromatolites of the Himalaya

STROMATOLITES OF THE PENINSULAR INDIA

The generalised stratigraphy for the Precambiian rocks of Peninsular India
is given in table 1. The stromatolite assemblages are discussed in ascending strati-

graphic order.

Table 1. Generalised stratigraphic scheme for Peninsular India

Riphean 1700-700 Ma Vindhyan Supergroup, Raipur Group
Kurnool Supergroup, Kaladgi Group
Cuddapah Supergroup, Aravalli Group (?)

Pre- 2000-1700 Ma Delhi Supergroup

Riphean 260}12’600 Ma Bijawar Group, Aravalli Group (?) Iron
5 Ore Group

Archean 2600 Ma Archean rocks

Iron Ore Group

The Iron Ore Group (the Iron Ore Series) is extensively developed in Orissa
and Bihar and attains a thickness of thousands of meters. No definite and reliable
radiometric data is available but. generally it is considered as early Proterozoic in
age. GRANT et al. (1980) have reported domal and laminated stromatolites and
oncolitss. AwastHI (1980) also recorded Collenia but photograph looks more like an
inorganic botryoidal chert as no carbonate is associated with these rocks. No age

implication can Le assigned to the stromatolites.

Aravalli Group

The Aravalli Group, well-exposed in Rajasthan and Madhya Pradesh, is
represented by various rock types of low metamorphic grade. It overlies the Ban-
ded Gneiss Complex (ca 2550 Ma) and is unconformably overlain by the Delhi
Supergroup. The Aravalli has begn\radiometrically dated as 2500—2000 Ma (Rb-
Sr dating) (see CRAWFORD, 1969, 1970 for discussion on the data).

| The Aravalli Group has -'y"i?_e'l_dcd the following stromatolites from the Udai-
pur and Jhabua regions of Rajasthan: Gollenia columnaris, Collenia kussiensis, Collenia
symmetrica, Conophyton, Baicalia prima, Minjaria calceolata, Archeozoon acadise and oncolites
(BANERJEE, 1971a, b; BANERJEE & Basu, 1978). DEB e/ al. (1978) have also recorded
a form resembling Gruneria biwabika. Barman el al. (1978) recognised three bios-
tratigraphic zones with in the Aravalli Group and content that these zones are tracea-
ble in the different areas across the region. In stratigraphic order these zones are:
(i) The Collenta columnaris Assemblage Zone with Collenia multiflabells, Crypto zoon proli-
Serum and Jurusania, (ii) The Golleaia baicatia Assemblage Zone with Baicalia prima,
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Collenia kussiensis, Collenia symmetrica and Minjaria calceolata and (ii1) The Oncolite
Assemblage Zone with only oncolites.

Based on the occurrence of Minjaria calceolata and Baicalia prima Banerjee
'1971b; suggested a middle to late Riphean age for the Aravalli Group but the
radiometric data and the stratigraphic position support a much older age. As the
Aravalli underlies the Delhi Supergroup (ca 1900 Ma) it must be early Proterozoic
In age. CHaunax (1920) has also supported pre-Riphean age. ,

Bijawar Group

The Bijawar Group is extensively developed in Madhya Pradesh and Uttar
Pradesh. It overlies the Bundelkhand Granites (ca 2530 Ma) and uncoformably
underlies the Vindhyan Supergroup. A variety of rocks are fourd in the Bijawar
Group which show effects of low to moderate grade metamorphism. SARKaR (1972)
suggested an age younger than 2500 Ma for this Group on the basis of available Sr-
Rb, K-Ar and Pb isotopic data, and geotectonic considerations. ,

In Madhya Pradesh quite a varied stromatolite assemblage has been recorded
which includes Collenia columnaris, Collenia frequence, Collenia undosa, Gollenia symmetrica,
cl Goltenia buriatica, Conophyton cyiindricus and oncolites (BALASUNDARAM & MAHADEVAN,
1972; LAKHMANNAN el al., 1977). The Bijawars are considered as pre-Riphean

(SARKAR, 1972) but the stromatolite assemblage suggests Pre-Riphean to Riphean
age.

Delhi Supergroup

Rocks of the Delhi Supergroup crop out around Delhi and in Rajasthan.

They overlie Archean and Aravalli (early Proterozoic) rocks and are overlain by

the Lower Vindhyans. The base of the Delhi Supergroup is considered to be 1200
Ma old (Rb/Sr ratio ; CRaAWFORD, 1970).

VERMA AND BarMAN (1980) have reported the occurrence of Baicalia baicalica,

Collenia columnaris and JFacutophyton from the upper part of the Delhi Supergroup.

This assemblage of stromatolites suggests a middle Riphean age, but as the Delhi

Supergroup is overlain by the Lower Vindhyans with a confident early to middle

Riphean age, the stromatolite assemblage must be older than the early Riphean, i. e.
pre-Riphean.

Cuddapah Supergroup

Rocks of the Guddapah Supergroup are developed in Andhra Pradesh and
form a crescent shaped basin. The Cuddapah Supergroup covers an area of about
42000 km? and attains a thickness of about 3000-4000 m. The Rb/Sr dating of the

lava at thé:‘bg,se of the Supergroup yielded 1700 Ma (CrawForD & COMPSTON 1973)
However, SARKAR (1972) P

basin at about 1500 Ma. .
The Cuddapah rocks show poor development of stromatolites AFrom .
lower part VAIDYANATHAN (1961) refers to.Collenia structures with ,PRA'SA'D' AND
VERMA (1967) describing Collenia rajurkarii.  GURURAJA (in Rama & ST 1982)..&]@5;
also recorded Gonophyton, Kussiella and Golonnella. From the upper par; Bin J}ND»
Gururaja (1980) have described Conophyton cylindricys but ' their published photo-
graphs are not very clear. MeHDI ¢/ al. (1980) also recorded stromatolites from
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the Upper Cuddapah rocks but they have not given names to individual forms.
These have been described as laterally linked hemispheroids and vertically stalked
hemispheroids. ‘However, no photographs have been published by them.

Based on meagre published data it is not possible to use stromatolite with
any degree of confidence for age determination of the Cuddapah Supergroup.

Kaladgi Group

The Kaladgi Group crops out in an arca ol ca 75000 km? in Karnatak State
and attains a thickness of ca 4000 m. It has been correlated with the Cuddapah
Supergroup and the Semri Group (the Lower Vindhyans) (Sarkar, 1972).

In all, 14 stromatolite forms have so far been described from the Kaladgi
Group, including Collenia sp., Gollenia symmetrica, Cotlenia albertensis, Collenta columnari.,
Gollsnia spissa, Gollenia undosa, Gollenia seplentrionalis, Collenia frequence, Collenia compacta,
Hydroplycus mimanis, Cryttozoon proliferum, Conophyton cylindricu, and oncolites (GoviNDA
RajuLu & Gowpa, 1966, 1968; VisHwaANATHAN & Gowpa, 1970). RAHA AND
Sasrry (1982) mention the occurrence of Golonnclla— Kussiella assemblage in this
Group. :
The stromatolite assemblages of this Group are quite varied and rich and
point to Riphean age. '

Vindhyan Supergroup

The Vindhyan Supergroup occupies an extensive area of nearly 104,060 km?
and shows a wide geographic distribution in Central Irdia from Bihar to Rajasthan.
It attains a maximum thickness of ca-4060 m. The Vindhyan Supergroup has been
divided into two well recognised lithostratigraphic groups : the Semri Group (Lower
Vindhyans) and the Upper Vindhyan Group. The upper part of the Semri Group
(the Kheinjua Formation) has been radiometrically dated (K/Ar ratio) as 1100 -
60 Ma and the lower part of the Upper Vindhyan Group (the Kaimur Formation)
has been placed at 925430 Mz (VinoGrADOV & TuGARINOV, 1964). The commen-
cement of Vindhyan sedimentation has been taken to be at ca 1400 Ma (SARKAR,
1972).

The Vindhyan rocks show best preserved stromatolites. The Semri Group

(Lower Vindhyans) has yielded Kussiella kussiensis, Kussiella dalaensis, Collensa clappii,
Collenia symmetrica, Colonnella kajrahatensis, CGolonnella columnaris, Conophtyton garganicus,
Conophyton inclinatum, Conophyton vindhyaensis, Gollenia frequence, Cryptozoon accidentale,
Collenia lodhwarensis, ?Baicalia and oncolites (Raja Rao & MaHAJAN, 1965; MoHAN,
1968; Vavrpiva, 1969; KuMar, 1976a, b, 1977, 1978a, b). KuMar (1981) has
recognised two stromatolite assembl_’gges within the Semri Group; the older is
the Kussiella—Colonnella Assemblagefo early Riphean age and the younger 1is the
Conophyton garganicus-Colonnella Assemblage of middle Riphean age.

In the Bhander Formation, th:e uppermost formation of the Upper Vindh-
yan Group, Golonnella, Tungussia, Baicalia baicalica, Collenia symmetrica, Boxonia, Strati-
Jera, Muaiharia ‘maiﬁfzrensis—-and oncolites have been recorded (VaLprva, 1969; KuMmar
1976a; Rao ¢l al. 1877; Prasap & Ramaswamy, 1978). Kumar (1981) has desig-
nated this assemblage as Baicalia- Tungussia Assemblage and has assigned it a late
Riphean age. The V'indhyan stromatolites more or less conform to the stromatolite
subdivision of the Riphean ol USSR.
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Rurnool Supergroup

The Kurnool Super

X group unconformably overlies the Cuddapah Super-
SToup in Andhra Pradesh at

taining a thickness of about 400 m. The base of the

Kurnoo] Supergroup is ca 1090 Ma (Rb/Sr ratio) and could be younger than 870
Ma (Crawrorp & Compsron, 1973)

Stromatolites are known [
ZER, 1971) but no morphological

Raipur Group

rom the Kurnool Supergroup since 1971 (ScuNIT-
details are available.

_ The unfossiliferous thick sedimentary sequence of the Raipur Group occu-
P1es a large area in Raipur-Durg-Bilaspur region of Madhya Pradesh. DaTT (1964)
correlated it with the Kurnool Supergroup. KjAr radiometric dates of the glauco-
nites from the base of the Group give ca 750-700 Ma and on this basis it may be
correlatable to the Upper Vindhyans (KRrREuzer et al. 1977).

JAIRAMAN AND BANERJEE (1980) have reported the occurrence of Gymno-
solen sp., Inzeria sp., Baicalia sp., Tungussia and Gryplozoon occidentales from Raipur
area. However, they have not deduced any conclusion about the age or correlation.
These forms represent more or less middle to late- Riphean age and thus the Rai-
pur Group can be correlated with the Vindh}?an and Kurnool rocks. However,

K/Ar data (750-700 Ma) gives younger age but this data is based on only two
samples and thus cannot be taken as very reliable.

STROMATOLITES OF THE HIMALAYA

In the Himalaya, stromatolites occur in different tectonic zones from Jammu-
Kashmir in the northwest to Assam in the northeast but are restricted only in the
Lesser Himalayan Zone. RAHA AND SASTRY (1982) have attempted to correlate
the different Lesser Himalayan Carbonates on the basis of stromatolite assemblages.
Table 2 represents a generalised stratigraphic grof_iping.

Table 2. Generalised stratigraphic scheme for the Lesser Himalaya

Locene Subathu Fermation
Cretaceous Nilkanth Formation
Permian

Beulder Slgte Sequence

Lower Cambrian

—_—

Tal Formation

Vendian Krol Formation
Infra Krols -
Blaini Formation

Riphean Jammu Limestone, Shali ¢

ormation, Layi Forma-
tion, Simla Group, Deoban Group, Cale Zones of
Yt o o _— S o )

Pithoragarh and Fejun, Gachwal - Group, Tunda

». . 1
Patthar Limestone and  Buxa Group

—— ——

Crrystalline Zones of Almora  and Dudatoli. etc.

Barly Proterozoic

Archean Centeal ( rystalliney
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Except for the Blaini-Krol-Tal succession in Himachal and Kumaon Hima-
laya, there is a general agreement on the late Proterozoic age for all the sedimen-
tary sequences containing stromatolites. Traditionally the Blaini-Krol-Tal succes-
sion has been assigned a Permo-Carboniferous to Cretaceous age but there are several
contridictions in various age interpretations for the same stratigraphic ho}rizons (see
(BuARGAVA, 1979). Recently this age has been questioned by SINGH (1978, 1980a,
b) who suggests a Precambrian age for most of the succession except for the topmost
horizon of the Tal Formation which has yielded foraminifers and bryozoa of Creta-
ceous age. SinGH (1978) has designated this fossil-bearing horizon which has an
unconformable contact with the underlying rocks, the Nilkanth Formation. The
entire Blaini-Krol-Tal succession is several thousand meters thick and does rot con-
tain any shelly megafossil. A number of microfossils reported from this sequence
(see BHARGAVA, 1978) are doubted by Smcm (1978, 1980, a, b). The age contro-
vercy centres on the interpretation that the Blaini Formation is of glacial origin and
is correlatable with the Permo-Carboniferous Talchir Boulder Bed of Peninsular
India (PascoE, 1959). However, the Blaini Formation is devoid of any megafossil
and a number of workers have interpreted that it is of nonglacial in origin (RUPKE,
1968; VaLpiva, 1970; Nivoci, & BHATTAcHARYA, 1971, TANGRI & SINGH, 1982).
Thus these two formations should not be correlated.

M. E. Raaben (in SincH, 1983) has commented on the Krol stromatolites as
belonging to uppermost Precambrian i.e., Vendian. Recent discovery of Archaeo-
cyatha from Krol E of Mussoorie area by SincH aAND RaAr (1984) undisputedly indi-
cates the upper age limit of the Krol Formation is near the Precambrian-Cambrian
boundary. Azwmr el al. (1981) have recorded several early conodonts/protoconodonts
genera of the family Circothecidae belonging to Tommotian age from the Lower Tal
Formation. BHATT e/ al. (1983) have also recorded an assemblage of shelly micro-
fossils of Tommotian age from the Tal Formation which is comparable to the trilobite
lacking basal Cambrian fauna of Russia, China, Poland, Sweden, Norway and Aust-
ralia. Recently Rar anp SingH (1983), and Singu anp Rar (1983) have discovered
trilobites with primitive morphological characters and abundant trace fossils from
the Tal Formation which indicate early Cambrian age to the Tal Formation. Thus,
the Blaini-Krol succession appears to be Precambrian and the Precambrian-Camb-
rian boundary Jies somewhere near the contact of the Krol and Tal Formations.

Fammu Limestone (Formation)

Extending from Poonch to Raisi in Jammu and Kashmir, the inliers of
unfossiliferous limestone and dolomite within the Tertiary rocks have been referred
to as the Jammu Limestone, the Sirban Limestone and the Raisi Limestone. 1t has
been radiometrically dated (Pb isotope ratio) as 967 Ma old (RAHA et al., 1978).

Rana (1978) has recognised three stromatolite assemblage zones within
the Jammu Limestone: (i) The Colonnella -Kussiella kussiensis Assemblage Zone with
Colonnella cf. laminata, Colonnella katraeasis, Kussielia kussiensis, Omachenia graneasis and
Platella talwarensis, (11) The Colonnella-Conophyton Assemblage Zone with Colonnella ri2-
siensis and Goaophyton ¢ylindricus, and (iii) The Baicalia Assemblage Zone with Baicalia
baicalica, Botcalia prima, Anataria radialis and Musloviella columnaris.

Other stromatolites recognised from this formation are Nucleella irregularia,
and Gollenia purrii (SINGH & VmaL, 1972; Raua, 1980a). On the basis of the dis-_
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tlr}ctxve Stromatolites the Jammu Limestone has been assigned early to
middle Riphean age (RAma, 1980a)

Shali Formation

1 ry : i . . . . .
The Shali Formation Is an orthoquartzite-carbonate association attaining a

thickness of several thousand meters in Nahan and Mandi districts of Himachal
Pradesh. It constitutes an clongated linear belt of low grade metasediments and
unconformably overlies bhoth the Sunder Nagar Formation and the Mandi-Darla
volcanics. |

Two carbonate sequence in the Shali Formation contain stromatolites. From
thel Lower Shali Limestone (cf. WesT, 1939) Gollenia_baicalica, Collenia symmelrica, Col-
lenia columnaris, Collenio burtatica, Conophyton, Tungussia and Newlandia have been reported
(VaLpiva, 1967, 19€9; Sivua, 1977). From the Upper Shali Limestone (cf. WEs1,
1939), Furusaniz, Collenia symmetrica, Collenia columnaris and Conophyton have been recor-
ded (Varprva, 19€9; Sinwa, 1977). An early to middle Riphean age has been
suggested for the Shali Formation on the basis of these assemblages of stromatolites
(VaLbrva, 1969; SINHA, 1977)

Larji Formation

Occurring as north-south trending linear tectonic windows in the central
part of the Himachal Pradesh, the Larji Formation is represented by about a 1200
m thick weakly metamorphosed dolomite, limestone, sandstone and shale. It has
been correlated with the Shali Formation (Gurta, 1977).

Two forms Colleniz symmetrica and Gollenia columnaris have been reported by
THONE (see GupTa, 1977) from this formation. No age implication can be deduced
from this assemblage.

Simla Group

The Simla Group occupies a large area in Simla Hills in Himachal Pradesh
and has recently been re-defined by SRIKANTIA AND SHARMA (1976) to include the
Kakkarhatti Limestone and Naldera Limestone. Itis represented by a varied litho-
logy and attains a thickness of ca 4500 m.

From the calcareous horizons, SiNua (1977) has described Furusania sp., Furu-
sania himalayika and Irregularia with an zssigned middle to late Riphean age.

Tunda Patthar Limestone

Underlying the Svbathu Formation of Focene age and abutting against
the Siwaliks (Upper Miocene to Pleistocene) along the Main Boundary Fault in
Haryana State, a unfossiliferous carbonate sequence called the Tunda Patthar
Limestone is found. It contains Collénia beicclica ard hence has been assigned
middle Riphean age (VaLbiva, 1969),

Deoban Group

In the Garhwal Himalaya, the unfossiliferous carhonate vocks overlying the
Simla Slates are called the Deoban Group. T'he lower and upper part of this group
show the d(:vclupmcnt of stromatolite which have been identified as Gollenia baicalica,

Jurusania, Collenia sp. and Jacutophyton, and have heen assigned middle Riphean age
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VaLbpiva, 1969; Kumar & SixcH, 1979). SiNHA AND RAABEN (1979) have recorded

llicta deobonica and have suggested uppermost Precambrian or Vendian to. early
Cambrian age to the upper part of the Deoban Group. There is no other evidence
to suggest the early Cambrian age and moreover on the basis of a new form age
cannot be proposed. Recently, Rana axp SasTry (1982) have recorded the occu-
rrence of Colonnella elongatus, C. cf. discreta, Kussiella kussieasis, Omachtenia, Jurusania major
and Gymmnosolen and have suggested early to late Riphean age.

Calc Zones of Pithoragarh and Tejam

The Calc Zones of Pithoragarh and Tejam represent a thick unfossiliferous
sedimentary succession lying between the Crystalline Zone of Almora and the Gentral
Crystallines in the Kvmaon Himalaya, Uttar Pradesh.

Stromatolites are develop’éd in the lower and the upper calcareous sequences
of the Calc Zone of Pithoragarh. - The lower, the Thalkedar Dolomite, is characte-
rised by Collenia thalkedarensis, Juruiania, Collenia clappii, Colonnella columnaris, Stralifera
undate, Gongylina differenticta (Misra & Kumar, 1968, 1969; Varpiva, 1969; KuMAR,
1978h; Kumar & Kumar, 1978). The Gangolihat Dolomite, the youngest horizon
of the Calc Zone of Pithoragarh, shows relatively a good development of stromatolites
compared to the Thalkedar Dolomite, and has yielded the following forms: Cryptozoon,
Collenia columnaris, Gollenia undosa, Collenia nailensis, Collenia frequence, Collenia symmetrica,
Plicatina antiqua, Collenia flagciliformis, Collenia baicalica, Collenia pseudocolumnaris, Collonia
septentrionalis, Collenia mineature, Conophyton garganicus, Conophyton misrai, Stratifera, Gongy-
lina, Gaya, Nuclegla aqd Omachtenia - (Dixit, 196€; Misra & Kumar, 1969; Vavrpiva
1969; Banerjee, 1970; Kumar & TEewari, 1977, 1978; Kumar, 1980; TEwARi,
1983a). Recently Tewarr (19231L) has identified [our stromatolite assemblages
within the Gangolihat Dolomite.

The Calc Zone of Tejam, being the northern extension of the Calc Zone
of Pithoragarh, has yielded only CGonophyton cylidricus and oncolites (BHATTA-
CHARYA, 1976).

On the basis of the stromatolite assemblages the Calc Zone of Pithoragarh
has been assigned an early to late Riphean age (Varpiva, 1969; KuMaR, 1978D).

Garhwal Group

In Garhwal Himalaya, the large area between the Central Crystallines and
the metamorphic rocks of the Dudatoli Group is occupied by the Garhwal Group
which is northwestern extension of the Calc Zone of Pithoragarh. Two forms Golle-
nia sp. and Kussiella have been reported from these rocks (KumAr & AGARwAL, 1975;
BaneErjeE & RawaT, 1980). This group is correlatable with the Calc Zone of
Pithoragarh and therefore may be assigned an early to late Riphean age.

Buxa Group

The Buxa Group constitutes a several thousand meters thick orthoquartzite-
carbonate succession in the eastern Himalaya which overlies the Daling
Formation. Recently Rava (1980b) has identified three distinct stromatolite
assemblages from these rocks. In stratigraphic order these are (i) the Kussiella-Colo-
nnella Assemblage, (i1) the Colonnella-Gonophyton Assemblage and (iii) the Baicalia
baicalica Assemblage with  Tungussia and Columnocolla.
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An early to iate Riphean age has been suggested for the Busa Group
‘Rana, 1980h).

Blaini-Krol-Tal Succession

The Blaini-Krol-Tal succession occupies a linear track in the southern part
of-the Kumaon and Himachal Himalaya. It overlies the Simla Slates (Late Precam-
brian) and is overlain by the Subathu Formation (Eocene), Nilkanth Formation
(Cretaceous).

The Blaini Formation is represented by boulder bed (tillites), limestone and
shale. Two forms Collenia sp. and Conophyton have been recorded by SINGH AND
T,ANC'RI (1976). Traditionally the Blaini Formation is considered as Permo-Carbo-
niferovs (see BHARGAV., 1979) but Sixcu (1978) has suggested a Precambrian age.
T'he absence of shelly megafossils, presence of stromatolites and stratigraphic position
suggest a Precambrian age.

The Krol Formation is represenited by dolomite, limestore, shale ard marl
and attains a thickness of several thousand meters. SINGE axD Rar (1977, 1978)
described Gonophylon garganicus, Colonnzlla and ? Baicaliu from this formation and on
this basis have suggested a middle Riphean age. A. Kumar (1981) has also recorded
the presence of stromatolites from the Krol Formation and have mentioned four
different forms. However, these forms are poorly developed stromatolites
and appear to he the part of the stratiform stromatolites (algal mat facies).
VALDIVA (1980a) has recorded a lone brachiopod?  Linoproductus sp. from the Upper
Krol sediments of Nainital, Uttar Pradesh, but the sample in question was not collec
ted by him and the fossilliferous horizon to which the sample is supposed to belong
could not be located and traced in the ficld. No other shelly fossil has been reco-
vered from this area. Recently, without giving any specific reason VaLpiva (1980Db)
AaND A. Kumar (1921) have questioned the identification of CGonophylon garganicus
reported by SingH aND Rar (1977) and have insisted that the age ol the Krols is
Palaeozoic. However, RaaBen (1983; 1in SincH, 1983) has confirmed the identifi-
cation of Conophyton but opined that it is a new form. She has suggested that the
age of the Krol s romatolites is latest Precambrian i. e., Vendian. From Mussoorie
hills Conophyton, Irregularia, Stratifera, Palonia and Aldania have been recorded by Sincu
AND Rar (1983).

The Tal Formation is mainly an argillo-arenaceous succession which is vn-
conformably capped by the thick package of shelly fossiliferous Nilkanth Formation
of Sixgu (1978). It conformably overlies the Krol Formation. The Tal Formation
has been assigned Cretaceous-Palacocene age by various workers (see BHARGAVA,
1979) but SingH (1978) has suggested a Precambrian age. As earlier discussed the
age of the Tal Formation is early Cambrian. GConcentrically laminated cores,
oncolites and Collenia type stromatolites have been recorded from the Mussoorie area,
Uttar Pradesh (Rana, 1972; SuarMa, 197€). PaTwarDHAN (1980) bhas zlso men-
tioned the occurrence of certain columnar and domal stromatolites but has ot confi-
dently compared them with well known forms. Recently TEwar: (1983) has identi-
fied Gollumnaefacta vulgaris from the Chert Member which is a characteristic form of
the Lower Cambrian of Russia. SiNeH aND Rar (1983) compared some forms with
Stratifera, Paniscollenia and Irregularia.

Record of Gollumnasfacta vulgaris is an important discovery which also sup-
ports Lower Cambrian age to the Tal Formation.
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DISCUSSION AND CONCLUSION

1.

o

A large number of sedimentary sequences in both Peninsular India and the Hima-
layan region contain stromatolites which can be subdivided into three broad
groups:

1. Stromatolites of the pre-Riphean sequences

i. Stromatolites of the Riphean sequences

lii. Stromatolites of the Vendian-Lower Cambrian succession

Stromatolites belonging to the pre-Riphean sequences have been found only in
Peninsular India from the Delhi Supergroup and the Bijawar, Aravalli and Iron
Orz Groups.

Stromatolites belonging to the Riphean sequences have been reported from
Peninsular India in the Vindbhyan, Cuddapah and Kurnool Supergroups and in
the Raipur and Kaladgi Groups. In the Himalava, the stromatolite Learing
Riphean sequences are Simla, Deoban, Garhwal and Buxa Groups, the Shali and
Larji Formations, the Jammu Limestone, the Calc Zones of Pithoragarh and
Tejam, and the Tunda Patthar Limestone.

The age of the Krol Formation is Vendian which is also supported by stromato-
lite assemblage. Thus, the age of the Blaini Formation is late Riphean. The
presence of Gonophyton in Blaini also indicate Precambrian age.

The Tal Foimation is early Cambrian. This age is also supported by the stro-
matolite form Collumnacefacta wvulgaris.

The Simla-Blaini-Krol-Tal succession offers a unique opportunity for the detai-
led morphological study of Riphean-Vendian-Lower Cambrian stromatolites.
In many sedimentary sequences like the Vindhyan Supergroup, the Aravalli and
Buxa Groups, the Jammu Limestone and the Czlc Zone of Pithoragarh where
stratigraphically nonreptetitive stromatolite assemblages have been recorded, the
stromatolites are useful in the intrabasinal correlation. At the same time in the
Vindhyan Supergroup, the Calc Zone of Pithoragarh, the Jammu Limestone and
the Buxa Group the stromatolite assemblages more or less correspond well with
the Riphean stromatolite assemblages of U.S.S. R. and thus help in inter-
basinal correlations. The Vendian and Lower Cambrian stromatolite forms
have also been recorded whose age has been confirmed by other methods.
Comparison of the different stromatolite assemblages also reveals that the typical
Riphean stromatolites bave also been reported from certain pre-Riphean sequences
of Peninsular India like the Delhi Supergroup, and the Bijawar and Aravalli
Groups. This situation may be the result of casual and imprecise identification
of stromatolite forms. More precise morphological identification of stromatolites
is absolutely essential to clarify this point.

In conclusion-it can be said that there are quite positive evidences for the strati-
graphic testimony of stromatolites. In all the cases except in the Tal Formation
the stromatolites occur only in Precambrian sequences. In the Tal Formation
they represent early Cambrian age.
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ARASPORITES GEN. NOV.—A NEW ACAVATE TRILETE SPORE FROM
LOWER GONDWANA OF INDIA

SURESH C. SRIVASTAVA AND RAKESH SAXENA

Birbal Sahni Institute of Palaeobotany, Lucknow-226 007

ABSTRACT

A n¢ 4 miospore geaus Araspirites gen. nov. has bez1 described from the Baraker Formation (Lower
Permian) of the Lower Gondw na Seguence of West Bokira Coalfield. Bihar, India. It is a thick, circular
trilete with spines preseat 071 bota the surfaces of the miospore. Its occurrence is restricted to the seam X1
of  Ara Block, West Bokiro Cozalfield.

INTRODUCTION

A number of trilete miospores have been described from the Lower Gond-
wana Sequence of India. Buarapwa] (1962) described some trilete genera from the
Raniganj Formation of Raniganj Coalfield. BraraDWA] AND SavLujua (1964)
further added a triangular trilete genus as Horriditriletes from the same area.  'TYWARI
(19€4) described some zonate and cingulate triletes from Korba Coalfield.  Subse-
quently, VENKATACHALA AnND Kar (1965 also described two triletes, Didecitriletes
and Lacinitriletes, from North Karanpura Coalfield which have restricted distal orna-
mentation.  BHarRADWA] AnD Srivastava 1969) described  three trilete miospores
viz., Callumispora, Brevitril:tes and Pseudoreticulatispora occurring in Chirimiri, Sohag-
pur, Bisrampur and Talchir Coalficlds. "Tiware ano Moz, (1971) described Goda-
varisporites and  Lobatisporites from  Godavari Valley coalfields. Buarapwaj Anp
Dwivent (1977) described a cavate trilete, Insignisporites, from the Barakar Formation
of South Karanpura Coalfield. Tiwarr axo Sixcu (1981) bave instituted another,
varitrilete genus, Imparitriletes, from Korba Coalfield. However, the study of the
sporae dispersae of the Lower Gondwana sediments in West Bokaro Coalfield, Bihar,
India has revealed a new association of morphographic characters which has bheen
described in the present paper under the genus Arasporites gen. nov. Morphographic
characters have been studied in detail under transmitted light, differential interference
contrast (DIC) and also scanning electron microscopy (SEM).

Genus Arasporites gen. nov.
Trpe Species—Arasporites crassus sp. nov.

Generic Diagnosis—Miospores circular to subcircular. acavate; triletes dis-
tinct, raised. Exine thick, ornamented with spines on both the surfaces.

Generic Description—NMiospores circular in shape, but may assume subcircular
shape due to folding or flattening. Trilete mark distinct, rays straight, tapering,
equal to each other aud placed at equal angles (P1. 1, Fig. 2), labra thin and vertex
slightly raised. Exine fairly thick as is usually distinct along the equatorial margin
in normally flattened specimens (Pl. 1, Fig. 1). Exine ornamented with long spines,
protruding out of the equatorial margin (PI. 1, Figs. 1, 3). Spines present on both
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the surfaces of the miospore. Ornamentation considerably reduced on proximal
surface (Pl. 1, Fig. 2). ) :

Comparison— The genus Arasporites gen. nov. compares with the radial, bacu-
late genus Gyclobaculisporites Bhardwaj (1955) in over all shape but differs in having
spines as its ornamentation. Verrucosisporites Ibr. emend. Smith & Butterworth
(1967) has a circular shape but bears verrucae on the exine. Similarly Cyclogranispo-
rites Pot. & Kr. (1954) is ornamented with grana and thus differs from the new taxon
proposed here. Raistrickia (Schopf, Wilson & Bentall) Pot. & Kr. (1954) is a
roundly triangular trilete and Lears stout baculae over the exine. Phidiaesporites
Foster (1979) is a circular, trilete miospore having differentially thickened exine set
with apiculate elements and thus has a superficial resemklance. In Bipartitisporites
Segroves (1970) the exine is thick, intrapunctate and is irregularly intragranulose
and intrabaculate. Osmundacidites Couper (1953) compares in its radial symmetry
but differs in being scluptured by coni, baculae and irregular grana. Among other
trilete miospores, Acanthotriletes (Naum.) Pot. & Kr. (1954) resembles in having spinose
ornamentation but differs in being triangular in shape. Thus, the genus drasporites
gen. nov. is distinctly different from the known taxa of the Lower Gondwana and
is represented by a significant population in the sporae dispersae of West Bokaro
Coalfield. A number of specimens have been studied with respect to their overall
size, exine thickness and the nature of ornamentation.

Arasporites crassus sp. nov.

PL. 1, Figs 1-8

Holotype— P1. 1, Fig. 2; Size 86 pm; Slide No. S 87/R: BSIP Museum Reg.
No. 8505.

Locus typicus—XIth Seam. Ara Block, West Bokaro Coalfield, Bihar, India.

Stratum Lypicum—Barakar Formation, Permian, Lower Gondwana, India.

Specific Diagnosis—Miospores circular to subcircular, size 86 um. Trilcte
mark present, rays tapering, reaching upto 2/3 area of the spore. Exine 2-6 pum
thick. Spines 1-5 pm long and 1-2 um wide at base.

Specific Descripiion—Miospores circular to subcircular in shape, golden dark
brown in colour, size range 60-86 um. Trilete mark distinct, rays broad at apex
and taper to a pointed end reaching uvpto 2/3 area of the miospore radius, ray length
41.05 pm. Exine 2-6 pm thick as distinct along the equatorial margin. Spines 1-5
pm long and 1-2 pm wide at base, sharply pointed to round tipped (Pl. 1, Figs. 2,
6-8). Spines thin, delicate and semitransparent. Distally spines close, 1-3 pm,
bases separated from the adjacent ones. Spines considerably reduced in contact
area on the proximal surface.

This species occurs (upto 2%) in X1 seam ol Ara Block, West Bokaro Coal-
field while it is absent in the overlying and underlying coal seams. This taxon may
be utilised as marker of similar horizons lying at the same time level in adjacent areas
of the coalfield.
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EXPLANATION OF PLATE 1

Figs 1 to 8-Arasporites crassus gen. ef sp. nov.

Proximal view showiag trilete and exine thickness, X 500 (Transmitted light).
Proximal view showing reduced ornamentation in the contact area, X 750(DIC).
Proximal view (Holotype), x 750 (DIC).

Slightly lateral view, %1200 (SEM).

Distal view, % 1000 (SEM).

Exine ornament .tioa, X2000 (SEM).

Exine ornamet tioa, X3000 (SEM).

Exine ornamet..tion, X 3600 (SEM)

N o=
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