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Peddanadipadu, Kakumanu, Munupalle, Tadikalapudi,
Errampeta, Burugugudem, Gopalapuram and Chityala
(Text-fig. 1, after Sharma et al, 1977).

LfmOLOGY AND STRATIGRAPHY

The term 'Gondwana' first published by Feistrnantel
(1876) was originally introduced by Medlicott in 1872 in
an unpublished report. It includes Permo-Carboniferous
Jurassic sediments deposited under non-marine
environments in the Peninsular India (Fox, 1931). These
sediments contain abundant plant megafossils and
palynofossils. Thin beds included into the Upper
Gondwana sediments (Vemavaram Shale, Raghavapuram
Shale, Sriperurnbudur Beds & Budavada Sandstone) and
containing paralic-marine fossils were regarded as
marine intercalations. The sequence, however, continued
to be designated as Gondwana although, this term
included strictly non-marine sediments. It may therefore
be suggested that these sediments containing paralic
marine fossils should be identified separately as has
been the Jurassic of Kutch (Pascoe, 1968) and earlier
opined by Rao and Venkatachala (1971).

The Upper Gondwana sediments are exposed
towards the western and northwestern fringes of the
basin (Text-fig. 1). The Gondwana sediments exposed
around Ellore (16°43'N : 81°0TE) in the West Godavari
Depression are classified into three lithologic units. The
Golapalli Sandstone, the oldest, named after the type
area around the village Golapalli (16°43'30"N : 80° 55'E;
King, 1880), comprises nearly 50 m thick highly
micaceous and dark purplish coarse grits and ferruginous
and partly lateritized sandstones interbedded with light
grey medium to coarse grained sandstones. Buff
coloured nodular limestones at places underlain by light
grey soft clay are also present. The Raghavapuram Shale
(King, 1880) named after the village Raghavapuram
(1TOO'02"N : 81 °15'30"E) is poorly exposed and
overlies the Golapalli Sandstone unconformably (Pascoe,
1968). It is nearly 75 m thick (Subrahmaniyam, 1960)
and consists of brittle shales and soft clays both of which
are at times sandy and also contain thin lenses of light
buff to greyish white medium grained sandstones. The
Tirupati Sandstone, the youngest and named after the
type area around Dwarkatirumalai (10 0 5TI5"N:
81 °35'45"E) is 350 m thick and comprises light grey to
pale buff, friable, current-bedded, partlylateritized,
medium to cdarse grained, occasionally gritty, micaceous
and clayey sandstone containing a few bands of grey
coloured clays.

The Upper Gondwana sediments exposed around
Ongole (15°30'N : 80 0 03'E) in the Krishna Depression
are also divided into three lithologic units, the Budavada
Sandstone (oldest), Vemavaram Shale and the Pavalur

. Sandstone (youngest). Desikachary and Ramachandra
(1%2), however, do not favour such a tripartite division.

According to them the Budavada Sandstone exposes a
nearly 500 m thick succession of shales (80%) and
sandstones (20%). These sandstones are locally
deSignated as Budavada Sandstone and are similar to
those included in the Golapalli Sandstone. The Budavada
Sandstone is overlain by the Vemavaram Shale which
lithologically resembles the Raghavapuram Shale.
Ukewise, the Pavalur Sandstone appears similar to the
Tirupati Sandstone in lithologic characters.

The Golapalli sandstone is considered older to the
Budavada Sandstone (Pascoe, 1959). The Raghavapuram
Shale is correlated to the Vamavararn Shale and Tirupati
Sandstone to Pavalur Sandstone.

Subsurface Litholo~A number of shallow wells
(200 m deep) are drilled on the outcrops of Budavada
Sandstone, Raghavapuram Shale and Tirupati Sandstone
for near-surface stratigraphie information. The lithologic
data (Text-figs 2,3) from these wells are significant and
are outlined below:

1. The section in Errampeta well (No. 15, Text-fig.
2) drilled on the outcrops of Raghavapuram Shale (Text
fig. 1) comprises only a small thickness (80 ern) of
shales that overlie thick sandstones which resemble the
sandstones included into the Golapalli Sandstone.

2. Five shallow wells drilled on the outcrops of
Tirupati Sandstone offer interesting data. More than 50
per cent of the drilled section at Tadikalapudi (No. 12,
Text-fig. 2) comprises shales which diminish to only 25
per cent at Dwarkathirurnala (No. 13, Text-fig. 2) nearly
12 kin due northeast. Further 20 kin to the northeast at
Burugugudem (No. 14, Text-fig. 2), the sequence
comprises sandstones and these also change to mainly
shales at Gopalapuram (No. 16, Text-fig. 2) located 12
km northeast of Burugugudem.

3. The Nutalapadu (No.7, Text-fig. 3)well, though
drilled on the outcrops of Budavada Sandstone
penetrates an almost monotonous shale section.
Ukewise, the Inkollu well (No.5, Text-fig. 3) drilled very
close to the outcrops of Budavada Sandstones penetrates
a thick shale section.

4. The Uppugunduru well (No.1, Text-fig. 3)
drilled up to the Archaean basement (top at 115 m)
penetrated 55 m of Upper Gondwana sequence
comprising 34 m thick sandstones overlain by 21 m thick
silty shales even though the well is located very close to
the type locality of the Vemavaram Shale.

The lithologic data enumerated above establish that
a sequence mapped in the outcrop area as dominantly
sandstone or shale and therefore identified as a
sandstone or shale unit, viz.,' Golapalli
Sandstone/Raghavapuram Shale, ceases to be so in the
subsurface. It is significant that this change occurs within
very short distance as is evident from wells drilled on the
respective outcrops. Hence, the subsurface data from
shallow ""ells suggests that the lithologic units mapped
in the outcrops are fPpresE'nted in the subsurface by a
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Onychiopsis. These fronds are reported from Umia,
jabalpur and Himmatnagar sandstones which are
conclusively dated as Early Cretaceous. The absence of
these two Early Cretaceous forms, therefore, could be
ascribed to lack of preservation in the Upper Gondwanas
of the Krishna-Godavari Basin.

The Golapalli and Budavada sandstones are
correlated with the Rajmahal Sandstone in Bihar and
Athgarh sandstOnes in Mahanadi Basin. The
Raghavapuram and Sivaganga beds and also the Kota
Stage which is dated as middle-late jurassic in age are
correlated with Golapalli and Budavada sandstones
(Bose, 1966). The Rajmahals are considered as jurassic in
age. The Tirupati and Pavalur sandstones and the
Satyavedu Bed are correlated with the jabalpur series
which is regarded as Early Cretaceous in age. Thus, it
may be seen from the foregoing discussion that the
Upper Gondwana equivalent of the Krishna-Godavari
Basin are con'sidered as Upper jurassic-? Lower
Cretaceous in age on the basis of plant megafossil
evidences.

Faunal evidences-Faunal assemblages, especially
those diagnoStic of marine habitat, are restricted to the
upper part (Vemavaram & Raghavapuram shales and
Tirupati Sandstone) of the exposed Gondwana
sequence. The lower part of the shale sequence included
into the Raghavapuram Shale contains ammonites,
foraminifera and fish scales (Bhalla, 1972). .

Sastri et al. (1%1, 1963) record arenaceous forms
consisting of Ammobaculites jisheri var. tirupathiensis,
Haplophragmo~'des concava and H. chapmani from the
Raghavapuram shales and assign an Early Cretaceous age.
Bhalla (1965) described Haplophragmoides hagni,
Ammobaculites crespinae, A hojkeri, A indicus, A
raghavapuramensis and A sahni~ from the type section
of Raghavapuram shales and assigns an Early Cretaceous
age. Bhalla (1968, 1969) compares the arenaceous
foraminiferal assemblage with those recovered from the
Early Cretaceous of the Great Artesian Basin, Australia.
Baksi (1966) in a study of the Raghavapuram Shale
records Ammobaculites junicularis, A phlegm', A

globosa, A crespinae, A hijker~ A indicus, A sahnii,
Trochammina hagni, T. stellijera, T. sp. cf. T.
whittingtoni, Nonion presublaeva and N barakondai
which are referable to a Post-jurassic but pre· Late
Cretaceous age.

Mitra et al. (1971) consider the entire east coast
Gondwana ,sediments as younger to the Rajmahals
Ourassic) and assign them an Early Cretaceous age. This
is in agreement with the age deduced from foraminiferal
assemblages (Sastri et aI., 1%3; Baksi, 1%6; Bhalla,
1969).

Sastri and Mamgain (1971, table 2) assign a
Neocomian-Aptian age to the East Coast Gondwana
sediments, i.e. Golapalli Sandstone, Raghavapuram Shale,
Tir~pati Sandstone and Budavada Sandstone and

Vemavaram Shale and correlated them with the
Sriperumbudur and Satyavedu beds.

Palynological evidences-The palynological
assemblages in the subsurface sequences met in shallow
well are well diversified. A total of 57 genera and 78
species of spores and pollen and 9 types of
phytoplankton (hystrichosphaerids & dinoflagellates) are
recorded (Sharma et al, 1977). The preservation of
fossils is usually good and affords a detailed
morphological study and precise taxonomic evaluation.
In general, the assemblages are relatively richer in
dominantly argillaceous sequences. The diagnostic
palynofossils are also present in the arenaceous
sequences.

Species spectrum curves as recommended by
Wilson (1959) are used to determine the number of
fossils counted in each sample. Quantitative assessments
are based on 200 fossil counts per sample. The
distribution pattern of the various taxa is fairly uniform in
the Krishna and West Godavari depressions and also in
Bapatla-Vellupucherla Ridge.

The palynoflora from the continental Upper
Gondwana and equivalent sediments are reviewed by
Bharadwaj (1%9) and Venkatachala (1970). The earliest
jurassic assemblage from the subsUiface in the jaisalmer
Basin is diStinguished by Cosmosporites, Gliscopollis and
Exesipollenites. A comparable assemblage is recorded in
the Early jurassic sediments from Nommal Gorge, Salt
range. The assemblage in the Krishna· Godavari Basin,
however, is distinct and not comparable as the
distinguishing genera enumerated above are
conspicuously absent.

The Neocomian-Aptian assemblages from the
subsurface of Cauvery Basin are closely comparable
(Venkatachala, 1974; Venkatachala et al., 1972).
Microcachryidites antarcticus, Trilites verrucosus,
Sphaeripollenites spp, Leptolepidites major, Podosporites
tnpakshi, Klukisporites seaberis, Aequitriradites
verrucosus, Kraeuselisporites majus, lmpardeeispora
perverulentus, and Crybelosporites stylosus, dOl"Dinant in
the Neocomian·Aptian assemblage of the Cauvery Basin,
are significant fossils of the Krishna-Godavari Basin. The
Aptian-Early Albian assemblage in the Cauvery basin is
distinguished by the occurrence of Coptospora
cauveriana, Polypodiaeeoisporites spp. and
Appendicisporites tricomitatus. The absence of these
characteristic taxa in the assemblages under discussion
precludes any comparison with those of Late Aptian·Early
Albian recorded from the Cauvery Basin.

The assemblages in the Upper Gond~a sediments
of Krishna·Godavari Basin are closely comparable to

those of the Crybelosporites stylosus and the
Dictyotospon'tes speciosus zones (Dettmann & Playford,
1969) in Australia. These zones, dated as Neocomian and
Neocomian'Aptian, are characterised by Aequitriradites
hispidus, Crybelosporites stylosus, Murospora jloriada,
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Text-fig. 6-Movemenr on the San Andreas rift syslem has displaced
pines of the subsect Oocarpeae, and their associales from Mexico
lO California.

4. The history of the Canarian laurel forest is also
clarified by plate movements (Axelrod, 1975). Many of
the unique woody taxa of the present Canarian laurel
forest are represented by the same (or very similar)
species in the Miocene of southern Europe, from
Portugal to eastward into Georgia, USSR. The notion that
the laurel forest taxa (e.g. ApoUonias, Laurus, Ocotea,
Persea, and their associates) migrated from southern
Europe to the islands pervades many discussions. But
that does not explain the absence from the present
Canarian flora of numerous taxa associated with Canarian
plants in southern Europe during the Pliocene. These
include: ·a) subtropicals now in the moister parts of
Africa and southern Asia (e.g. Buettneria, Cinnamomum,
Myrsine, etc.), b) temperate conifers and deciduous
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The list becomes more impressive when we recall that
during the Miocene and Pliocene, when there was ample
summer rainfall, other taxa now in the oak-laurel-pine
forests of the Mexican uplands also lived in coastal
California. Among these were species of Arbutus, flex,
Myrica, Nectandra, Populus, Persea, Quercus and Sabal
(see Axelrod, 1977).

Apart from Arbutus, which also occurs at the lower
margins of. forest in the Sierra Nevada and Transverse
Ranges, the listed taxa are typical members of the insular
or maritime flora today. They are chiefly associated with
the closed-cone pine forest dominated by Pinus radiata
and P. muricata. In the past they were largely of insular
or near-maritime occurrence, liVing under mild
temperature without freeZing (Axelrod, 1980a, 1983a)
That they have been in the coastal area for some time is
indicated by the distinctness of the coastal Puente flora
as compared with the Mint Canyon and Tehachapi floras
of interior southern California, a region where climate
was too dry and temperatures too high for most of these
coastal taxa. In brief, the taxa of the coastal region with
present Mexican affinities were transported northward
and have suvived in an equable climate with summer
fogs that compensate for the dry summer climate (Text
fig. 6). These taxa occurred in coastal California prior to
the expansion of the Sonoran Desert flora that now
isolates them from their allies in Mexico (Axelrod,
1979a). This is shown by Neogene records of their
occurrence in southern California, a time when the
coastal area was joined to the Sonora-Sinaloa region of
Mexico, prior to its northward displacement by
movement on the San Andreas rift system during the
Miocene and later (Text-fig. 5).

During the northward shift of the coastal strip, the
fossil records of Pinus radiata (Monterey pine) show a
trend to l<l{ger cones with larger seeds, primarily a
response to the increasingly drier summer climate. The
present pine groves are discontinuous, occurring at
Monterey-Carmel, Ano Nuevo, and Cambria in central
California, and on Cedros and Guadalupe islands off
northern Baja California. Proceeding northward from
Cedros 1., there is a gradual increase in cone size and
seed size, but the trend is not clinal. In central California,
the Monterey population with the smaller cones lies
between the larger coned populations at Ano Nuevo and
Cambria (Text-fig. 7). Apparently the Monterey
population is relict, for it survives in a very equable part
of the coastal strip. Cold-water upwelling from Monterey
submarine cmyon provides the area with the coolest,
foggiest climate in this part of the coastal strip (Axelrod,
1982). Fossil records of the forest show that it ranged
nearly continuously along the coast into the L:ite
Pleistocene (Text-fig. 8). It was confined to local areas as
drought spread, and probably was most affected by the
post-glacial warm dry Xerothermic period (8,000-4,000
B.P.) that restricted the forest to its present sites.
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Canarian taxa in the eastern paleotropics. Others have
their allies in southern Africa, though not all are confined
ro the laurel forest community today. The present
disjunctions (Text-fig. 9; also see Bramwell, 1976;
Sunding, 1970, 1979) are the result of range restrictions
as drier climates spread following the early Miocene.
Northern Africa with its Canarian taxa was therefore
transported north, out of the marginal tropics to meet the
temperate forests at the north. The data suggest that the
Arcto-Tertiary forests of Europe did not penetrate south
into th~ Mediterranean region during the Miocene
because climate there was too warm (tropical). Only as
the European and African plates shifted north were
temperate taxa able to invade southern Europe in the
late Miocene and Pliocene. That is, a's the African plate
shifted north, the laurophyllous forests were carried into
an ecotone with the temperate forests, the larter haVing
been displaced southward by cooling climate as the
continent moved north. The relict natUre of the Canarian
flora is consistent with its high percentage of diploids
that reflect its antiquity (Bramwell, 1972), as does the

Text-fig. 8-Pinus radiata forms 5 small groves today (named), but
in the Quaternary and earlier it was widely spread in coastal and
near-coastal areas at sites marked (.).

Text-fig. 7-0f the 3 populations of Monterey pine, Pinus radiata, on
the central California coast, !hat at Monterey has the smallest
cones. This reflects the cooler, highly equable climate resulting
from cold·water upwelling from Monterey submarine canyon.
Numerous other relict taxa also occur in this local area (Axelrod,
1982).

harctwcxx1s now in the eastern North America (e.g. Acer,
Carya, Liquidambar, Liriodendron, Robinia, Taxodium) ,
c) temperate alliances that are now chiefly in eastern
Asia, with some in the Colchic region (e.g. Albizzia,
Carpinus, Cercidiphyllum, Ginkgo, Clyptostrobus,
Pan-otia) , d) taxa in temperate Europe (Acer, Aesculus,
Comus, Crataegus, Populus, Quercus), and e)
broadleaved sclerophylls of the present Mediterranean
region (e.g. Ceratonia, Myrtus, Nerium, Quercus).

During the Miocene and earlier, southern Europe
was covered with subtropical to tropical evergreen
forests that also blanketed the area of the present Saharan
Desert. Their occurrence in southern Europe and north
Africa during the Miocene and earlier reflects the
position of the continents 10-12° Lat. lower than at
present (Smith, Hurley & Briden, 1981). Further,
geologic evidence shows that the Canary islands are
composed of twO groups. The low eastern islands
(Lanzarote, Fuerteventura) are continental and were
earlier connected with the mainland as shown by the
remains of ratites there. The western islands (La Palma,
Tenerife) are oceanic (volcanic) and Middle Miocene in
age. The laurel forest taxa probably were in the eastern
islands during the Paleogene, whereas they probably
invaded the present western high islands only in the
Middle Miocene and later.

This evidence, coupled with fossil records of mesic
Tertiary rainforest and savanna in northern Africa into the
Miocene, agrees with the distribution of a number of

~
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Text-fig. 9-Taxa of the Canarian laurel forest are related to alliances now widely spread acr05S the Old World tropics, including paired genera
between the Canaries and south Africa, e.g. Clijjonia-Bencomia, GaJopina-PhylJis. For ()(her examples, including those in the New World
tropics, see Bramwell, 1976; Sunding, 1979; Humphries, 1979). These data, as well as plate tectonic evidence (see texi) , imply an origin for
the Canarian laurel forest in the outer tropics during the Tertiary, not migration from southern Europe.

woody habit of much ot the flora, the numerous fems
and lianas in it, and the Widely disjunct occurrences of
some of its unique taxa (see Bramwell, 1972, .1976;
Humphries, 1979; Sunding, 1979). The sclerophyllous
shrubs in it that contribute locally to macchia also
support the idea they were derived early from alliances
that contributed to laurophyllous forests then widely
spread across low-middle latitudes of both Eurasia and
North America (Axelrod, 1975). As for the more recent
endemics, and the radiation of some genera (e.g.
Aeonium, Echium, Sonchus) (Humphries, 1974), this
probably was a late Miocene-Quaternary event Invasion
of the island region by the semiarid Saharan floral
element that now dominates at low altitudes where
rainfall is deficient probably was chiefly in the
Quaternary.

5. The Lower Ravenian Eocene flora of the Gulf of
Alaska region (Hollick, 1936; Wolfe, 1977) includes a
number of broadleaved evergreen dicoryledons that
indicate an outer U'opical climate. Distributed in diverse
families that are chiefly tropical in their adaptive
relations, they include species of Cyathea, Sabaiites,
Tetracentron, Diploclasia, Illicium, Cananga, Myristica,
Litseaphyllum, Toona, Evodia, Melanorrhoea, Phytocrene,
Allophyllus, Meliosma, Parashorea, Barringtonia,
Kandelia, Alangium and Mastixia. To explain their
occurrence at Lat 70"N it has been concluded that the
Earth's axis was not tilted (Wolfe, 1977). Under this
scenario, Earth would receive more warmth in polar
areas in winter so that taxa could survive there without
winter darkness and cold, yet' have ample warmth in
summer. However, if the axis had considerably less tilt
than at present, the occurrence of mild temperate climate
indicated by the Eocene floras of Spitzbergen, Ellesmere

Island, Greenland, Canada (mouth of Mackenzie River),
and north-eastern Siberia, all of which are composed of
deciduous hardwoods and conifers of temperate
requirements, represent a major anomaly not considered
by Wolfe. The asymmetric distribution of biota in the
Gulf of Alaska region was charted earlier by Frakes and
Kemp (1973, p. 547), though not explained. Geologic
evidence shows that the Eocene floras of the coastal
Alaska region have been displaced northward on the
order of 1,0()() km or more (e.g. Jones et aL, 1970, 1972,
1977; Packer & Stone, 1974; Coney et. al, 1980; Jones &
Silberling, 1982; Plumley et ai., 1982; HelWig & Emmert,
1983; saleeby, 1983; Bruns, 1983). This is supported by a
recent study of the Eocene marine microfossil fauna
which indicates considerable latitudinal displacement of
the ocean floor off Alaska (Keller et al, 1985).

Since sections of the crust were transported long
distances during the Tertiary, what significance does this
have with respect to the proposed Tertiary Floral Stages
of the Pacific coast (Wolfe, 1972, 1977, 1981). It means
that their value is greatly diminished because the
described Stages do not represent the sequence of taxa
in their present geographiC areas, but in distant sites.
Furthermore, since the described Floral Stages are from
the coastal strip they can not be applied outside that area
because the compOSition of floras rapidly changed inland
(Axelrod, 1%5, figs 12, 13). As noted above, the
dissimilar Puente and Mint Canyon floras of southern
California represent coastal and interior environments;
the few taxa in common (e.g. Persea, Platanus) are
wide-ranging in time and occur in diverse environments.
Furthermore, some fossil floras assigned by Wolfe (1981)
to specific Stages do not have the tool that defme them.
They lived well in the interior, at higher altitudes under
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PALEOTEMPERATIJRE ANALYSIS

Text-fig. IO-Monogram showing warmth and equability (temper
ateness) of climate (Bailey, 1%0, 1%4, 1%6). The radii express
warmth of climate (W) in temlS of a particular temperature and
the number of days (d) in which mean temperature rises to or
above that level. The radii measure the duration of the growing
season, which decreases poleward and with altitude. The arcs
nearly nonnal to the warmth lines depict equibility (M). They
provide an index to thermal extremes, graded from an ideal of M

100 to lower v.Uues fanher removed from the centrum T 14' and A
0'. The percentage lines indicate the percentage of all hours of the
year below freeZing.

high latitudes (i.e. Ellesmereland), reptiles (alligators,
varanids, tonoises) probably hibernated during the low
light season when climate was mild temperate and
freeZing not severe. Mammals may well have been
nocturnal as well as hibernating in habit, and some may
have migrated into the area during the summer. The
occurrence of dinosaurs in polar latitudes may also
reflect seasonal migration during the poleward surge of
high productivity as light and warmth increased
following the polar night.
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I have earlier presented a method for estimating
thermal relations of a fossil flora (Axelrod, 1%5) based
on a method devised by Bailey (1%0, 1964, 1966). It is
also an effective means for estimating the altitude of a
fossil flora. The method is based on estimating mean
annual temperature (T) and the mean annual range of
temperature (A). Together they provide a means for
interpreting two very different aspects of climate, Warmth
( W) and Equability (M). Warmth refers to the number of
days warmer than a specified temperature. At W lOoC, 0
days are warmer than 10'C, at W 18'C, 365 days are
warmer than that, and at 14 'C, 183 days are equal to or
warmer than 14'C (Text-fig. 10). The divisions of warmth
(W') thus describe the duration of the growing season. W

FORESTS OF POLAR REGIONS

Geologic evidence shows that land areas now in
polar regions were also there in the Teniary. In the
nonh, fossil floras include those from Spitzbergen,
Ellesmereland, Greenland, nonhern Canada (mouth of
MacKenzie R.), Alaska, and nonheast Siberia. They
represent rich deciduous hardwood forest communities
that reflect relatively mild temperate climate without
severe winters. Regular seasonal variation in climate is
arrested by the marked growth rings of the fossil woods
as well as the deciduous habit of the hardwood taxa.

The problem of survival there is clearly one of
coping with the dark season. Recall that today numerous
small trees and shrubs range nonh of the Arctic Circle, an
occurrence that owes to post-glacial warming. Also, forest
trees now range to lat. 60 0 N on the western sides of the
nonhern continentS, areas covered by ice as recently as
9,000-10,000 years ago. In addition, at un. 50° -59°N inner
tropical plantS flower and set seed today in greenhouses
that are nor illuminated in Winter, but are kept warm
(see data in Axelrod, 1983). This implies that under a
longer photoperiod these taxa are confined not by light,
but by temperature. Furthermore, experimental
physiological evidence shows that evergreen conifers
and dicotyledons, as well as deciduous hardwoods,
undergo metabolic shutdown in winter season in
temperate latitudes. They may be expected to have done
SO when they occurred at higher latitudes under the
more equable climates of the Eocene and earlier. In
addition, it was the equable climate that enabled
"tropical" taxa (i.e. Glyprosirobus, cycads, palms, Cedrela)
to inhabit climatic regions where they no longer occur
(Axelrod, 1981b). As for the Eocene venebrates from

cool to cold temperate climate and hence supponed
wholly different floras. For example, the Eocene Bull Run
and Copper Basin floras of nonheastern Nevada are
dominated by taxa of montane conifer forest and mixed
conifer-deciduous hardwood forest. They can not
represent the Ravenian Stage of Wolfe (1981) because
taxa of that Stage are characterized by broadleaved
evergreen species of the outer tropical zone, none of
which occur in the Eocene floras of nonheastern Nevada.
Similarly, Wolfe (1981) assigns the Aldrich Station flora
of west central Nevada to the Homerian Stage, the type of
which is in the Cook Inlet region, Alaska. But there are
no species and few genera common to the Aldrich
Station and the Alaskan floras of the Homerian Stage.
Wolfe also assigns the Stinking Water flora of eastern
Oregon to the Homerian Stage, yet it has no species in
common with the Alaskan floras. It is granted that these
floras are of the same Age, but they do not represent the
Stages assigned to them by Wolfe. Radiometric dating or
magnetic-stratigraphy provide a more reliable basis for
age assignment.
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(Archangelsk), and in a rich conifer forest (Prince
Albert). In the case of a mean temperature of 20°C,
Brasilia is in the tropical belt but as the range or
temperature increases the other stations are in more
temperate climates. Third, it is evident that an increased
range of temperature in temperate regions brings wanner
climates, whereas in warm regions an increase in the
range of temperature results in cooler conditions.

It is also apparent that as range of temperature
increases, zones of warmth are separated by a greater
distance vertically (altitudinally). Text·fig. 12 shows that
with a 5° range of temperature, only 13° C separates W
10°C and Wl8°C; the tropics and treeline are only 13°C
apart. But with a range of 20· C, these same zones are
separated by 28°C. Clearly, with increased equability all
vegetation zones-and their species-are closer in terms
of altitude. Since temperature decreases with altitude
(lapse rate), it is possible to determine approXimately
the altitude of a fossil flora. Today the normal terrestrial
lapse rate varies across continents with orientation and
the location of physical barriers. But in the Tertiary,
climates were more equable, terrain was generally
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Text-fig. 12-Zones of wannth are closer in regions of more equable
climate. The polar and trOpical climate zones are progressively
fanher apan as range of temperature increases.
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lOoC represents treeline, -whereas W 18°C is the margin
of the tropics, and W 14 °C lies in the middle of the
temperate zone. By contrast, equability (M) provides a
measure of thermal extremes. It is measured by a series
of arcs that diverge from T 14 ° and A 0°C and range in
value from M 100 (ideal, in the tropical uplands) to M 0
on Antarctica.

The relations shown in Text-fig. 11 reveal three
major features. First, some stations with similar wannth
(W) as Oakland, California, and Kan~ City, Missouri,
have very different equability values (M67 vs. M45, read
the arcs). Whereas frost is rarely present in Oakland,
many days at Kansas City have snow and subfreezing
temperatures. Second, mean annual temperature (n
means very liale in terms of paleoclimate or of
vegetation. Note that stations with a mean annual
temperature (n of 0° C occur close to permanent ice
(Goothab), are in Tundra (Belle, 1.), in boreal forest

Teu-fig. ll-Mean annual temperature CII1 not provide an index to
paleotemperature. Note that Oakland, California, with a low range
of temperature rarely has frost whereas many days of freezing,
snow and ice typify Kansas City, Missouri, which has a much
greater range of temperature. Goothab, Greenland (T 0·) is near
petpetual ice, Murmansk is close to the Tundra-boreal forest
whereas Prince Alben is in a rich conifer forest. Similarly,
Brasilia (T 20·C) is in the tropics, yet the other stations of similar
mean temperature range well into wann tgemperate climates. Th~
radiating lines of wannth show that in regions of cool climate
increased range of temperature brings wanner conditions whereas
in warm regions a rise in the range of temperature results in
cooler conditions.



AXELROD-SOME PAIAEOGEOGRAPHIC AND PAIAEOECOWGIC PROBLEMS 123

Text-fig. 13-Estlmated altitudes of an Eocene flora, Nevada, and of
twO Miocene floras In the central Sierra Nevada based on pale·
otemperature, and lIS Indication of the amount of uplift in the
range. Sta!lons In the 0riL:lban rainforest are: 1. Huachianago,
2. Jalapa, 3. Huarusco, 4. Ortzaba. .

exceedingly rare. A few deciduous taxa, notably Salix and
Ulmus, are also present. The relations imply a position at
the upper margin of sclerophyll forest with mixed
conifer forest on the bordering slopes. Allied vegetation
is now in the Sierra Nevada to the northwest near 760 m
(2,500 ft). The flora suggests mean annual temperature
was near 13.4°C and the range was about 14.5°C, with
wannth of W 13TC, or 174 days warmer than that (Text
fig. 13). This implies that the distance to the upper
subalpine zone (W 1O.5°C) was about 11.5°C or 2,105 m
(7,100 ft). This is apprOXimately the amOtIDt of uplift in
the area since the close of the Miocene. The flora is
overlain conformably by a thick, giant-boulder
conglomerate at this site which is perched on a ridge
crest overlooking Mokelumne River gorge where the
river is now 1,360 m (4,500 ft) below the flora. This
represents the amotIDt of erosion that has occurred since
5-6 my. ago, and probably less.

As to the possible utility of the method, reference is
made to the Middle Miocene Namling. flora from the
Tibetan Plateau west of U1asa, and now at an altitude of
3,800 m. Represented by deciduous hardwoods chiefly,
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subdued, and oceans were warmer at middle and high
latitudes. In general, the Tertiary had a normal terrestrial
lapse rate of 0.55°C/l00 m or I°C!-183m (Axelrod &
Bailey, 1976). An estimated warmth (W) and equability
(M) of a flora in the coastal strip (sea level) or inland,
thus provides a basis for inferring the probable altitude
of a fossil flora in the interior.

For example, the Uite Eocene Bull Run flora (40,35
my), north-eastern Nevada, includes 10 florules
distributed through 1,370 m (4,500 ft) of section. The
lower 3 florules formed a conifer-deciduous hardwood
forest, whereas the upper 7 are wholly dominated by
montane conifers, notably Abies, Larix, Picea, Pinus,
Cbamaec;paris and include a few rare forest shrubs, as
Amelancbier, Berberis, Mahonia, Ribes, Sorbus and
Vaccinium. The coastal strip was then clothed with
subtropical rainforest like that now in the cloud forest of
southern Mexico. Average warmth there is W 16°-15°C
and the range of temperature 5-7°(, Allowing for a
somewhat greater range in the interior, say 9-1O°C, then
about lO.5°C separated the rain forest at sea level from
the pure montane conifer forest in Bull run basin (Text
fig. 13). This implies an altitude near 1,958 m (10.5° X
183 m), or about 6.400 ft compared with 2,500 m (8,500

ft) for this zone today.
A Miocene flora from treeline in the summit region

of the central Sierra Nevada south of Carson Pass is at
2.776 m (9,100 ft), and about 15 m above the granitic
basement. Broadleaved evergreens (Actinodapbne,
Nectandra, Persea, Quercus) and deciduous hardwoods
(Crataegus, Cyclocarya, Fagus, Liquidambar, Nyssa,
Platanus, Populus, Quercus, Ulmus) make up this well
sampled flora. Conifers are not known from the
assemblage. The flora suggests an environment like that
now in the areas from northern Florida into south
Carolina. Watmth of climate there ranges from W 15°
14°(, In view of the wanner ocean only 120 km West in
the Middle Miocene, the absence of ice-caps, and the
lack of major topographiC barriers, climate was more
equable than that now on the east coast. Hence wannth
of climate probably was near W 14.5°, or lower. With a
range of temperature near 12°C and a warmth of about
14.5°C, the distance to treeline is 12.5°C (Text-fig. 13),
or approximately 2,288 m. Since the flora is now at 2766
m (9,100 ft), the data suggest an altitude near 478 m (i.e.
2,766-2,288 m), or about 1,570 ft in the Miocene. Hence,
uplift in the area is on the order of 2,287 m (7,500 ft)
since the Middle Miocene.

This estimate is comparable to that indicated by the
Mt. Reba flora (6·7 my) situated 20 km south at an
altitude of 2,620 m (8,600 ft) and about 30 m above the
granodiorite basement (Axelrod, 1980b). The flora is
dominated by evergreen oak (Quercus), tan-oak
(Utbocarpus, Douglas fir (Pseudotsuga), and cypress that
represent broadleaved sclerophyll forest. Mixed conifer
forest taxa (Abies, Pinus, Sequoiadendron) are
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Text.fia. 14-PaIe<Xemperature analysis of the Middle Miocene
Namllng flora, TIbet, suggested an altitude near 1,500 m (Axelrod,
1981a). This agrees with teaonic estimales of uplift of Tibet since
the Middle Miocene (from Zhao & Morgan, 1985).

1_ POI 10d 0' lormlng _I
Soulh Chino 500

Age (m.y.)

species now occur in the disjunct areas of the eastern
and western hemispheres, indicating migration and
diversification from a common boreal or austral source.
However, the species commonly represent different
tribes or sections, implying evolution follOwing spread
from a common center. In each region there have been
local areas of diversification, as seen for the oaks and
pines, with few taxa common to the eastern and western
hemispheres (Axelrod, 1983b, 1986). In each
hemisphere a number of taxa are restricted to the dry or
temperate regions and have apparently been there
throughout their history as judged from the known fossil
record, for example, of the 250-odd species of oak only
10-12 species of the allied Subseets. Diversipilosae and
Prionoide link America and Eurasia, a link that was
already established by the Paleocene. Of the 9O-odd
species of Pinus, only species of the Strobi and Cembrae
of Subg. Strobus are common to the nonhern continents,
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Teu-fig. 15-Rapid evolution is indicated for the CeanolhtlS pur·
pureus-e. prosrrartlS series in the north Coast Ranges, California.
With a rise in altitude into the young volcanic mountains there
is a comparable response in plant form, branching. teaf size, etc.
(from Nabs, 1%3).
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The local areas where taxa may have originated can
rarely be determined apart from those of comparatively
recent origin by hybridization, introgression, and other
means from allied taxa in the nearby region. The
problem of recognizing centres of origin is that taxa shift
in area (altitude, latitUde), as climate changes and taxa
also change in time. This is the fallacy of pinpointing
southeast Asia (eastern Hi~layan region) as the cemer
of angiosperm origin (Takhtajan, 1969). That area is a
center of survival, one where climate is highly equable
and with ample precipitation. The fossil record shows
that a number of Magnolian taxa in that area have been
recorded in regions distant from the east Himalayan
region. Also, the Himalayan axis is very young, haVing
heen uplifted largely follOwing the later Eocene. Prior to
that the area was covered by ocean (see Smith et al,
1981), an environment scarcely conducive to the origin
of angiosperms. The group originated in the tropics in
pre-Cretaceous time and then migrated poleward
(Axelrod, 1952, 1959). More recent evidence suggests
that West Gondvvanaland was the general region of early
angiosperm evolution (Raven & Axelrod, 1974), and that
this most probably took place on its drier margins and in
drier sites (Stebbins, 1952, 1974; Axelrod, 1%7).

The principal regions of Teniary evolu~ion were the
areas of the major Geofloras, situated in tropical,
temperate and subhumid-semiarid climates. Allied

CENTERS OF ORIGIN

the flora certainly lived at a much lower altitude. Its
thermal relations suggest an altitude of about 1,500 m
(Axplrod, 1981a). This agrees closely with that estimated
from plate tectonic history in south-east Asia (Text· fig.
14), including the opening of the South China Sea (Zhao
& Morgan, 1985).
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Text-fig. 17-There are numerous floristic links between the Tethyan
and Madrean regions. They apparently reflect Paleogene connec·
tions across the Atlantic when it was narrower, populated with
now·sunken islands, and before North America was roolled
cOW1ter·c1ockwise. Its former position provided more numerous
south· facing warmer and drier sites on basement rocks suitable
for sclerophyllous taXa of warm temperate requirements (from
Axelrod, 1975)

younger genera and species are often found in the more
stressful areas when considered in terms of the world
flora. But this is not to imply that there has been no
change in the mOist, more equable temperate or tropical
regions; many new species originated there during the
Tertiary.

There have been some very local centers of origin,
areas where new opportunities have "suddenly"
appeared. This is exemplified by the 8 species of
Ceanothus (Subgenus Cerastes) in the Coast Ranges
north of San Francisco Bay (Nobs, 1%3). They apparently
originated in this area following the accumulation of the
Pliocene Sonoma Volcanics. The C pwpureus-prostratus
series of several taxa shows a trend toward smaller size,
less branching, and smaller leaves with fewer teeth to the
north and at higher levels in the Coast Ranges (Text· fig.
15). The C gloriousus-cuneatus series shows a shift to
smaller size, less branching, and smaller leaves with few
or no teeth from the coast toward the interior (Nobs .
1963) (Text-fig. 16). The genus Arctostaphylos ir
California includes some 40-odd species, most of which
occur in the Coast Ranges that were elevated to their
present heights at the close of the Pliocene and during
the Quaternary. The rapid appearance of varied
substrates and microclimates in the Coast Ranges
facilitated the proliferation of numerous minor taxa in
the major species groups. In Eurasia, the flora of the
extended Tethyan region, situated in dry climate
between the tropical and temperate geofloras has been a
broad regional center of origin that extends from
Portugal into the western Himalayas. There are a number
of links with the Madrean vegetation of southwestern
North America. These reflect migration across islands in
the Atlantic before it was very wide (Text-fig. 17), chiefly
during the Paleogene (Axelrod, 1975). The links were
favored by the more nearly east·west orientation of the
Atlantic coast of North America (prior to its counter·
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Text-fig. 16-Evolutioruuy change is also seen in moving from the
inner Coast Ranges to the coasul strip in the series C. cunealus·
gloriosus. Not only is there a shift in leaf size, angle of depanure
of veins, teeth, etc. but in habit as well (from Nabs, 1%3). In this
cise the older species (cunealus) appears first in the interior.
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and in the Subg, Pinus, only members of Subsect.
Sylvestres now link the northern continents. The
remainder may well be of local origin. For example, the
8 species of Subsea. Cembroides evidently originated in
areas of drier climate in southwestern United States and
Mexico. The 12 species of Subsect. Ponderosae are
chiefly Mexican today, though some ranged more Widely
to the north in the Miocene. The species of Subsect.
Balfourianae are largely Rocky Mountain and Great Basin
in origin, as judged from the fossil record In Eurasia,
Subseet. Canarienses, with P. canarienses and P.
roxburgbi~ link the Canary Islands with the western
Himalayas today, implying more widespread occurrences

.in the past. This is demonstrated by fossil pines allied to
mem in southwest ASia.

As the moist temperate and tropical floras retreated
dUring the Tertiary, vegetation on their cold (Taiga,
Tundra) and dry (savanna, thorn scrub, grassland and
semidesert) margins gradually expanded. Hence,
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Te~·fig. I8-Modernization of forests in western NOM America
c=-ommenced in the central to southern Rocky Mountain region and
thence spread coasrward. Fossil, species allied to modem taxa

thar were associated in the past now largely contribute to forests of
different compOSition in these more recently emerged climatic
regions (from Axelrod. 1976).

clockwise rotation) that provid,ed more numerous drier,
wanner site~ on south· and west· facing slopes. Unks
could not have been around the north Atlantic, as some
have suggested, because that area was under cool
temperate climate, as shown by the records of deciduous
hardwoods and conifers there, not sclerophyllous taxa.
The longer photoperiod there may also have been a
factor in their restriction to middle latitudes.

Sequoia, Sequoiadendron, Alnus, Amelanchier, Betula,
Crataegus, Fraxinus, Mahonia, Quercus, Sorbus, Rosa,
and many others. As mountains were elevated and
rainshadows appeared, a more seasonal climate
developed and rainfall over the interior gradually
decreased. AI the same time, progressively colder water
was spreading into the middle latitudes, resulting in
decreased summer preCipitation. Both factors appear to
account for the elimination of numerous forest taxa
during the later Miocene and Pliocene that occur now in
eastern North America and eastern Asia. Their associates,
however, adapted to the present forest climates of the
western United States, notably those of the Rocky
Mountain axis, the Sierra·Cascade Range and the Coast
Ranges (Text· fig. 18). Further environmental
diversification resulted in the spread of new forest
subzones, notably those of the Rocky Mountain axis, the
Sierra·Cascade Range and the Coast 'Ranges (Text· fig. 18).
Further environmental diversification resulted in the
spread of new forest subzones, notably those of the
lower, drier margins of forest, as well as those of the
drier slopes where different local communities have
been segregated from the richer forest of the Miocene
and earlier times.

Sclerophyllous vegetation of the Madrean province
dominated south of the forests of Arcto·Tertiary alliance.
The transition between these dissimilar floras occurred
in central and southern Nevada during the Miocene

. (Text· fig. 19). The ecotone included forest taxa that
interfingered with sclerophyllous oaks, Pinus (aff.
monophyUa·edulis), jumperus, Lyonothamnus, and many
semiarid shrubs distributed in Arctostaphylos, Ceanothus,
Cercocarpus, Heterome!es, Peraphyllum, Schmaltzia and
others. Farther south woody legumes become abundant
as do more numerous sclerophyllous oaks, thorn taxa,
palm and many others indicative of generally frostless

VEGETATION CHANGES
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Te~-fig. I9-Comparison of a north·south transect from the central
Great Basin. western Nevada, into the Sonoran region, southern
California, 'during the Miocene with that of today. The Mohave
region represents an uplifted block with a flora transitional
berween the Sonoran and Great Basin desert floras
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Plants respond to changes in temperature and/or
precipitation regimes which select some, segregate
others to narrower relict areas, and eliminate some from
areas they formerly occupied. During the Miocene, the
present dry region east of the Cascade·Sierra Nevada axis,
from British Columbia to south·central Nevada had
ample rainfall and moderate temperature that supporteu
a rich forest flora. It included species of Acer, Betula,
Castanea, Diospyros, Fagus, flex, juglans, Liquidambar,
Magnolia, Nyssa, Ostrya, Quercus, Sassafras, Taxodium
and Ulmus allied to species in the eastern United States.
In addition, they were associated with species now
represented by allied taxa in eastern Asia, distributed in
Acer, Alnus, Betula, Cercidiphyllum, Cinnamomum,
Ginkgo, Metasequoia and others. Further, a number of
trees and shrubs that are now in the forests of the
western United States are also recorded with them. These
are distributed in Abies, Picea, Pinus, Chamecyparis,
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Text-fig. 20-Coasral and interior woodland associations were
gradually segregated from the richer MadroTertiaI)' woodland as
summer rains decreased in the Neogene, and as areas of high
equability were restricted coastward (from Axelrod, 1977).

Text-fig. 21-Shifting associations of forest taxa in the Miocene and
later. Vertical lines that shorten represent taxa whose ranges of
tolerance were narrowed as climate changed. Increasing summer
drought confined rtf-subalpine taxa to higher, cooler levels,
whereas increased winter cold resiriaed broadleaved evergreens
to lower, warmer altitudes. It was this that gave rise to the
modem, mare distina, less diverse associations than those of the
Neogene. For clarity, taxa in the area of the mixed conifer
forest (stippled) are now shown.
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(5,000 ft) in the Sierra Nevada some 80 km to the east.
Another example is provided by the presence of Picea
(cf. breweriana) and Abies (cf magnifica) in the Late
Miocene (13 my) Purple Mountain flora of western
nevada together with sclerophyllous taxa, notably species
of Cercocarpus (d. betuloides) Quercus (d. chrysolepis) ,
Heteromeles (d. arbutifolia) and others. The conifers are
now at altitudes 1,200 -1,520 (4,000-5,000 ft) higher,
well removed from the sclerophylls. Geological evidence
certainly provides no evid~nce that the spruce and fir
may have been derived from high mountains near at
hand.

These and other comparable occurrences seem to
reflect the nature of Neogene climates. They were
equable so that forest and woodland belts were closer in
terms of altitude (see Text-figs 10, 12). Under these
conditions, taxa were able to transgress their present

climate. With decreasing summer rain and increasing
cold sclerophyllous woodland taxa gradually retreated
farther south. The surviving pinon-juniper woodland is
relatively impoverished today, and occurs in a zone
above the desert and sage-scrub belts. The preceding
changes in wcxxlland vegetation in the western United
States are summarized in Text-fig. 20 and reviewed in
detail elsewhere (Axelrod, 1977). It is amply clear that
segregation of the rich Tertiary wcxxlland in response to
environmental changes during the middle and late
Cenozoic shaped the present associations.

An additional vegetation change in the late
Cenozoic has been the spread of wholly new zonal
(regional) vegetation types. These notably include the
grassland and desert environments, both of which are of
post-glacial age in their present contexts (Axelrod, 1950,
1979a, 1979b, 1985). With respect to the tropical deserts,
such as the Sonoran Desert of western North America, it
has been the diversity of adaptive types of "peculiar" life
form that has led to the notion that deserts are ancient
earth features. Paleobotanical evidence shows that these
diverse adaptive types represent taxa that persisted in the
face of increasing dessication over the region. Earlier,
they were members of woodland, thorn forest (scrub),
and dry tropical forest and/or savanna vegetation. Some
of them still enter these vegetation zones. These taxa
were adapted to dry climate in the Eocene, and have
further adapted to increased drought and heat more
recently. TIlis is certainly true of such unique taxa as
Fouquieria (Fouquieriaceae), Camegiea (Cactaceae),
Beaucarnea (Liliaceae), and the leafless Pedilanthus
(Euphorbiaceae). The occurrence of endemic families in
the Sonoran area and on its borders is also consistent
with gradual adaptation to drier climate later in the
Tertiary and probably to their origin under subhumid
climates in the Eocene and probably earlier.

Finally, mention must be made of the occurrence in
Neogene floras of taxa whose modem derivatives are in
the same region today, but are separated by fully 1,370
1,575 m (4,500-5,000 ft) in altitude. For example,
Populus (d. tremuloides) and Picea (d. breweriana)
occur in the Sonoma flora at sea level near Santa Rosa,
California (Axelrod, 1944b). Their fossil associates were
species of Abies (grandis), Chamaecyparis (lawsoniana),
and Sequoia (sempervirens) , as well as sclerophylls
(Lithocarpus, Heteromeles, Persea, Quercus,
Umbellulana), all of which indicate a lowland, mild
c1iniate with linle frost. There is no evidence of nearby
high mountains in the Sonoma region from which the
upland species of aspen and spruce might have been
derived. A comparable occurrence is seen in the
presence of aspen with sclerophyllous oaks (d. Q.
wislizenii, Q. douglasii) and chaparral taxa
(Arctostaphylos, Heteromeles, Ribes) in the low Sierran
foot-hills in the early Pliocene (Axelrod, 1944a), yet
these taxa are separated now from aspen by fully 1,575 m
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ecologic boundaries. In addition, there was sununer
rainfall, and it also provided conditions favorable for
montane taxa at lower altitudes. This is seen today in the
occurrence of aspen all through the forest belt in the
eastern Great Basin and Rocky Mountains where it
descends to meet the conifer wcxx:lland of Pinus edulis
and Juniperus spp. together with its sclerophyllous
chaparral taxa. It appears that as summer rains decreased
in the west, montane taxa were confined to higher
altitudes where lower evaporation rate compensated for
the decrease (or absence) of summer precipitation. And
as winters became more severe and snow frequency
increased, taxa of the sclerophyll belt were gradually
confined to lower altitudes (Text-fig. 21).

Some investigators have attempted to explain these
and comparable occurrences by erecting high mountains
in the nearby region from which the fossil remains might
be carried to the lake basins or lowland flcxx:lplains. As
noted, there is no geological evidence of high mountains
in these areas. Those that may have been present were
situated some 20·25 km (12-15 mi) south of the fossil
sites (e.g. Mascall), areas from which it seems highly
improbable that the abundant delicate winged seeds of
spruce, fir and other taxa might have withstcxx:l transport
without destruction.

The preceding review of some palaeobotanical
problems certainly suggests that the present is not always
the key to the past.
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Book Review

TAXONOMY of specimens of the Pennsylvanian age
maranialean fern Psaronius from Ohio and Illinois-by
James E. Mickle, Illinois State Museum Scientific Paper
No. XIX, viii + 64 pages, 47 figures, 6 tables, 1984,5 U S.
dollars.'

Psaronius is one of the most dominant elements of
the 12te Pennsylvanian floras though its occurrences
range from 12te Namurian to as late as BU:1ter. It is an
exclusive member of the Euramerican and Cathaysian
floras. In Gondwanaland its only knO\Vfl occurrence is
from Brazil.

Though the genus is knO\Vfl for 150 odd years, yet
no acceptable system had been evolved so far for species
delimitation in the genus. Early workers put great
emphasiS on the features of the vascular system. 12ter
workers delimited the species on the basis of ground
tissue characteristics. However, neither system was found
to be completely satisfactory. James E Mickle's doctoral
dissertation contains results of investigation undertaken
to understand the taxonomy and ontogenetic
development of the species in this genus. For
delimitation of the species the author has selected a
number of independent parameters including those of
Ground Tissue, Sclerenchyma Sheath, Vascular Anatomy
and Morphology and Root Mantle With this judicious

approach he identifies four species in his collection of
over 130 specimens from the 12te Pennsylvanian deposits
of the Appalachian and Illinois basins. Each species is
described and illustrated in detail and the features are
discussed with regards to its taxonomic status and
evolutionary or genetic relationships. Salient features of
other North American species of the genus are tabulated
in an appendix. The author has also discussed ecological
implications of Psaronius occurrences and has dra\Vfl
tentative conclusions regarding environment of
deposition.

There does seem to be an anomaly or t\VO as far as
typification of the species is con~emed. For example,
Psaronius paucivaculosus, a new species from Blickle's
unpublished doctoraldissenation, is effectively
published in this paper. Unexplicably, the holotype has
been chosen from a new collection whereas specimen
no. B-256, one of the three specimens studied by Blickle,
has been relegated as a paratype. Similarly of the t\Vo
specimens assigned to Psaronius chasei by Morgan, one
is retained as holotype, but the other is not designated as
paratype. On the whole this paper is a valuable
supplement to earlier works on the genus Psaronius.

Han' K Maheshwari
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Modem algae resembling fossil Tetraporina
Svenolov Undgren

Undgren, Svenolov (1987). Modem algae resembling fossil Tetraporina Palaeoboranist ~5(2) : 131·135.

Specimens of Tetraporina, usually inteipreted as algal microfossils, display similarities to several modem taxa of the
Dinophyceae, Xanthophyceae and Chlorophyceae. The quadrangular and tetrahedrnl cell shape of algae and its variability
due to ontogeny and environmental modifications, are reviewed in this ankle together with taxOnomical problems in
different classes of modem algae which are relevant to the taxonomy and botanical affinities of fossil Tetraporina

Key-wonts-Algae, Dinophyceae, Xanthophyceae, Chlorophyceae, Tetraporina (Sweden).

Svenolov Lindgren, Department of Geology, University of Stockholm, S-lO 691 Stockholm, Sweden.
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MORPHOLOGY AND ONTOGENETIC VARlABIU'IY

fable 1-Taxa of modern algae which include forms with
shape slml1ar to fossil Tetraporlna

Some species of Ceratium Schrank (Peridiniales)
often occur in great quantities in lakes and ponds. At the

Dinophyceae

Family

Ceratiaceae
Phytodiniaceae
Pleurochloridaceae
Centritrnetaceae
Tetrnspornceae
Oocystaceae
Mieractiniaceae
Hydrodicryaceae
Coelastrnceae
ZygnemataceaeZygnematales

Peridiniales
Dinococcales
Mischococcales

Order

Volvocales
Chlorococcales

Xanthophyceae

Class

Dinophyceae

Chlorophyceae

THE general morphology and the cell wall of
Tetraporina indicate that these microfossils are of algal
origin. The genus, however, may be made up out of
specimens belonging to different natural taXa. The
botanical affinities of fossil Tetraporina are discussed in
Undgren (1980, pp. 337-346).

Some specimens of modem algae may be difficult
or impossible to assign to appropriate taXa without
studying their ontogenetic variability in culture. The
classification of fossil algae is further complicated by the
restricted number of preserved diagnostic characters.

Modem algae displaying shapes similar to fossil
Tetraporina occur in several groups, which are recorded
in Table 1.

In this article are reviewed the distribution of
quadrangular and tetrahedral cell shape in modem algae,
and the variability of the cell shape due to ontogeny and
environmental modifications, and taxonomical problems
in different classes of modem algae which are relevant to
the taxonomy of Tetraporina.

131
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end of the vegetation period they produce cysts which
hibernate in the bonom sediment (Foot, 1959, p. 361).
The spores are released through a burst in the cyst wall
(Huber-Pestalozzi, 1950, pp. 259, 272). Some resting
cysts of Ceratium have the same shape as Tetrapon·na
and have been misinterpreted as species of the
chlorophycean genus Tetraedron Kutzing (Kovacik,
1975, pp. 384, 386).

Tetradinium Klebs (Dinococcales) comprises
tetrahedral cells of the similar shape as Tetraedron. The
existence of Tetragonidium Pascher as a genus
comprising pyramidal and tetragonal cells attributed to
the Cryptomonadaceae (Cryptophyceae) has been
questioned by Fon (1959, p. 368).

Xanthophyceae

Tetraedriella and Tetragoniella (Pleurochloridaceae)
were established by Pascher to comprise tetrahedral cells
differing only in their size range. The monotypiC genus
TetragonieOa has been transferred into Tetraedn·ella
since the size differences are not sufficient for
distinguishing two genera (Smith, 1950, p. 385). The
polymorph type species for Tetraedron Kutzing
(Chlorophyceae) has the diagnostic characteristics of
Tetraedriella and has been transferred into this genus of
the Xanthophyceae (Fon, 1967, p. 358).

Certain criteria used to distinguish modem algae
from each other cannot be used on fossils since they are
not preserved. Thus the modem algae Tetraedriella
(Xanthophyceae) and Tetraedron (Chlorophyceae) can
be distinguished from each other only by means of their
chromatophors or food storage materials (Pascher, 1939,
p. 586).

Species of the xanthophycean genera Conioehloris
Geitler and Pseudostaurastrum Chodat have earlier been
assigned to Tetraedron Kutzing (Chlorophyceae). Some
species described as Tetraedron are supposed to be
misinterpreted representatives of the xanthophycean
genera Ophioeytium Nageli and Tetraplektron Fon
(Kovacik, 1975, pp. 382, 383, 387).

Chlorophyceae

Volvaeates

Poroehloris Pascher, 1929 (Tetrasporaceae)
comprises epiphytic, solitary algae with a thin to very
thick cell wall which is distinctly resistant and
impregnated by iron-hydroxide. In younger specimens
the outline of the cell is round to. elliptic whereas in
older specimens it is quadrangular, square-shaped,
rhomboidal or more or less round-shaped with four
thickenings clearly marked on the cell wall.

The quadrangular shape of the cell, which in several
instances may deviate, is defined by pores which break
the cell wall at the comers. The aperture of the pore is
slightly enlarged outwardly and often characterized by
early iron-hydroxide precipitates. In one species, P

Jilamentorum, the pores can be seen only on strongly
iron-impregnated specimens. From each pore extend
hyaline threads of unknown function, emanating from
the protoplast

The reproduction occurs by zoospores which are
released by bursting of the mother cell wall i.n either an
appointed or an indefinite way. Aplanospores were
observed as the only resting spores. They are in general
larger than the vegetative cells and elliptical in outline.
Their membrane is thick and smooth.

ChloroeoeeaJes

Tetraedron Kutzing (Oocystaceae) originally
comprised about 100 species (253 taxa) and represented
a complex of various tetraedric algae. A grea.t many of
them have turned out to belong to other genera, mainly
of the Xanthophyceae ano Dinophyceae. Other cells
which resemble Tetraedron in shape are either cysts or
pans of the thallus of other unknown algae, or spores of
aquatic hyphomycetes (Kovacik, 1975, p. 355). 1'4my
species which were previously referred to Tetraedron
represent ontogenetic Stages of other algae (Migula,
1907, p. 638).

A number of species originally assigned to other
genera have been included in Tetraedron and many new
taxa have been described.

Older invest~tors classified the algae primarily
according .to their shape, without recognizing their
Cytology. The deSCriptions of new taxa were frequently
based on morphotogical features alone. The number of
species, varieties, and fOnTIS of Tetraedron was reduced
to six species (11 taxa) by Korsikov (1953) and later to

four species by Kovacik (1975). Most of the remaining
species were assumed to belong to the Xamhophyceae.

The type species of Tetraedron ( T regulare
Kutzing) has been transferred to TetraedrieOa Pascher by
Fon (1967, p. 358). For that reason the name Tetraedron
is not valid for a chlorophycean genus. Korsikov (1953,
p. 238) used Tetraedron exclusive of all xanthophycean
species. The use of Tetraedron from the nomenclatural
point of view is discussed in Komarek and Fon (1983, p.
696).

Despite that the variability of the shape was noticed
as early as in 1894 by J.agerheim, and subsequently
studied by Tanner (1923), Troitzkaja (1933), and Kovacik
(1975), the present knowledge of the variability of the
shape during the omogeny of cells of most
representatives of Tetraedron is still meagre.

In the quadrangular-shaped species of modem
Tetraedron opposite cell sides have equally concave
curvature or are flat The curvature of the cell sides
disappears With tI:Jie ageing so that young cells with two
deep and two shallow concavities develop slightly
concave, flat or even convex sides with different
curvature on neighbouring sides. Young cells are
tetrahedral and flat, older cells are round or spherical. In
Tetraedron minimum (Braun) Hansgirg the comers of
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Table 2-The characters of the comers in relation to different
wall sculptures in the quadrangular zygncroatacean zygo
spores with straight, concave, deeply concave or convex sides
according to Randhawa (1959)

desmidiacean genera Arthrodesmus Ehrenberg,
Micrasterias Agardh, and Staurastrum Meyen are
misinterpreted representatives of Tetraedron and
Tetraedron-like genera of the Xanthophyceae (Kovacik,
1975, pp. 367, 381, 384).

Strikingly Tetraporina-like fossils have ..been
observed in a Bronze-Age settlement deposit in the
Netherlands by Van Geel (1976, p. 337) and in
Columbian Quaternary sediments by Van Geel & Van der
Hammen (1978, p. 383), who have interpreted them as
zygospores of Mougeotia Agardh (Zygnemataceae). Van
Geel 0979, p. 467) has pointed out that spores related
with those of the modem Mougeotia have been
described as Tetraporina, Tetrapidites and Tetraporo
pollenites.

In the Zygnemataceae the ripe zygospore is
quadrangular in the genera Debarya Wittrock, Mougeotia
Agardh. Temnogametum West, and Zygnem@psis (Skuja)
Transeau. For the identification and classification of
modem taxa the shape, size and pigmentation of the
zygospores and the ornamentation of the spore \Vtlll are
main characters.

In almost all species the zygospores are constant in
shape. The quadrangular zygospores show a number of
variations in respect of the comers, the convexity and

the young cells have a papilla at the angles. With
proceeding growth the angles become more rounded
and papillae disappear so that older cells exhibit only
their traces or a smooth surface. Tetraedron incus
(Teiling) Smith have angular processes which are thin in
young cells but thickening in older cells (Kovacik, 1975,
pp. 364·368, 373).

The characteristic cell VJall feature is the surface
pattern netwOrk which is formed by the conugation of
the two outer cell VJall layers. This structure changes
during the ontogeny and the conugated surface evens
out with the cell ageing. "In young cells the periphery of
the middle layer is abundantly folded and the network is
very dense. In older cells the conugated surface of the
outer layers evens out, the network thins out and is
composed of larger, often interlocked meshes. The
middle layer is only slightly \Vtlvy. In old, large, rounded
cells the network is reduced or the cell surface is
completelY smooth ... The outer layer, although it forms
the outer contours of the network, retains the same
thiclmess throughout the whole process" while the
thiclmess of the middle layer varies considerably. The
disappearance of the surface structure of cell VJall during
ontogeny is supposed to be due to cell growth (Kovacik
& Kalina, 1975, p. 438).

The release of autospores causes a rupture of the
mother cell wall. In Tetraedron minimum var.
scrobiculatum Lagerheim this rupture al\Vtlys occurs
outside the deep concave indentations of the cell sides
(Kovacik, 1975, p. 368).

In classifying fossil algae it must be born in mind
that mutually different morphological types can be
developed during the life cycles. Tetraedron·like stages
will occur in several genera of the Chlorococcales, e.g.
Coe/astrnm Nageli, HydrodictyOn Roth, Oocystis Nageli,
and Pediastrum Meyen (Pringsheim, 1861, p. 781;
Migula, 1907, p. 638; Wille, 1908, p. 816; Smith, 1950, p.
244; Kovacik, 1975, p. 386).

PlaesiodictyOn mosellanum Wille, 1970 from the
lower Keuper of Luxemburg VJaS interpreted as a
chlorophycean algae consisting of "plane, onelayered
aggregatiOns of a binary number of rectangular cells,
which are arranged in a checker·board pattern:'. It has
remarkable similarities to the modem genus Pediastrnm
(Wille, 1970, p. 283). The individual cells of
PlaesiodictyOn are cushion-shaped Their angles are
generally somewhat thickened as far as they are in
contact with the margin of the coenobium and frequently
growing into bud·shaped protuberances. There are no
thickenings at the comers of the cells in the interior of
the coenobium. The four comer cells of the coenobium
are specially differentiated insofar as their free ends are
most frequently prolonged into more or less distinct
lobes.
Zygnemataies

Some Tetrapon·na·like species assigned to the

Wall sculpture

punctate

scrobiculate

smooth

verrucose
granulose
reticulate

Comers

produced and truncate
retuse
rounded
truncate
with hom-like processes
bulging
obtuse
produced into rounded horns
produced and truncate
retuse
rounded
truncate
apiculate
produced and truncate
retuse
rounded
truncate
with hom-like processes
with rounded process
with thickened \Vtlll
retuse
no record
no record
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concavity of the sides and the ornamentation of the
spore wall. In most species the zygospores are smooth,
reticulate, punctate or pined while other kinds of
ornamentation is rather uncommon (Randhawa, 1959, p.
100). Among the quadrangular forms the scrobiculate
ornamentation is frequent but the pined is absent. In the
quadrangular zygnematacean zygospores with straight,
concave, deeply concave or convex sides the characters
of the comers in relation to different wall sculptures are
recorded in Table 2.

In Mougeotia the zygospore wall is composed of an
outer chitinous layer which is ornamented, and an inner
transparent layer. In Temnogametum the spore wall
consists of three layers of which the outer and inner are
thin and hyaline, and the median is layered, chitinous,
and ornamented (Randhawa, 1959, pp. 84, 87).

ENVIRONMENTAL MODIFICATION

The morphogenesis of algal cells is affected by
nutritional and environmental factors such as chemical
compoSition and temperature of the medium.

Nutritional In.O.uences

"Several inorganic elements or organic compounds
trigger pronounced structural changes. For the inorganic
nutrients the phenomena involved are : control of cell
size and shape, wall ornamentation, unicell prcxluction,
colony formation, sheath and mucilage forrnation ...and
auxospore formation. With organic compoW1ds some
organisms can form spines, prcxluce unicells rather than
colonies, or develop into a palmelloid state" (Trainor,
1970, p. 755).

The morphogenesis in strains of the acid resistant
Seenedesmus Meyen under different environmental
conditions has been studied by several authors. Forms
which prcxluce sporopollenins and have trilaminar wall
sheaths are known in this genus (Atkinson et aL, 1972, p.
22; Staehelin & Pikett-Heaps, 1975, p. 167). The ratio
between coenobia and W1icells is affected by the
phosphate uptake; the formation of W1icells increases
with an increase in the phosphate concentration of the
medium (Overbeck & Stange-Bursche, 1965, p. 362). The
development of bristles was shown to be due to
influence of ammonia. When grown in the presence of
ammonium at pH 8.5 or above the organism would be
unicellular with numerous bristles like Franeeia
Lemmermann, but in a medium without ammonium
spiny colonies were abundant (Trainor & Roskosky,
1967, p. 1661).

Soil bacteria can influence colonial or unicellular
growth and the development of setae. A Seenedesmus
culture isolated from soil developed colonies when
grown in a soil extract medium. By addition of a soil
bacteria the culture became unicellular (Trainor &

Rowland, 1968, p. 315). Ovoid unicells with four or many
setae, like Chodatella, were mostly developed when soil
extract was added to a culture medium (Swale, 1967, p.
287), but without soil extract the same strain did not
develop unicells (Trainor, 1970, p. 752). When thiamine
was added to a dilute inorganic medium Chodatella-like
unicells were formed (Trainor, 1970, p. 752). In media
with low concentrations of iron and calcium, growth was
promoted but spines were not formed on coenobia.
Spines were formed when the level of either iron or
calcium was increased (Trainor, 1969, p. 188).

It appears from the aforementioned examples that
Seenedesmus is pleomorphic and that the pleomorphism
can be developed under the influence of various
nutritional factors. It is not known in detail how the
development of the specimens of this and other algal
genera is influenced or what controls the formation of
the unicellular specimens in nature (Trainor & Rowland,
1968, p. 311). It does not seem to be any connection
between the formation of spiny W1icells and colonies
lacking spines, both of which are prcxluced by the same
Seenedesmus culture (Trainor, 1%9, p. 189).

Tetnperanue ~uences

It has been shown that the morphology of algae is
influenced by water temperature. In many cases an
increase of temperature can be accompanied by decrease
of size of the algae and prcxluction of unicells instead of
coenobia (Grimas, 1974, p. 45). In other cases the
situation is the other way round.

Seenedesmus quadrieauda (Turpin) Brebisson
develops larger coenobia at lower temperatures. Below
20°C normal four-cell coenobia and a great share of
eight-cell coenobia are developed. At 30 °C about 80 per
cent of the coenobia are two-celled. Ankistrodesmus
faleatus (Corda) Ralfs prcxluced large colonies below
20°C but only unicells at higher temperatures. The shape
and size of Ooeystis submarina Lagerheim seem on the
other hand to the independent of temperature (Grimas,
1974, p. 43).

The mcxlification of shape and size is possibly an
adaptation to the denSity of water, which is correlated to

the temperature. The surface-to-volume ratio,
morphology, size adaptation, and colony formation and
their interactions with the physical environment are
discussed by Tappan and Loeblich (1973, p. 211).

The approximate size range of some mcxlem algae
and fossil Tetraporina is listed in undgren (1980, p. 345,
table 3).

CONCLUSION

Forms which are morphologically similar to fossil
Tetrapon·na occur in several modem algal taxa. The
origin of the Tetraporina-species can be sought for
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among unicellular forms, solitary forms which can also
develop coenobia, coenobia which have disintegrated
into individual cells, and reSting spores.

It does not seem possible to assign the fossil form
genus Tetraporina to any modem algal genus. The
closest similarities seem to occur with cysts of the
Dinophyceae, zygospores of the Zygnemataceae,
individual cells of the coenobium of Pediastrum, and
with specimens of Porocbloris, Tetradinium, Tetraedron
and TetraedrieUa.

The great difficulties and diverse interpretations in
classifying the modem quadrangular and tetrahedral
algae demonstrates the impossibility of assigning their
fossil counterparts to appropriate natural taxa, even at the
rank of class.
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Lelstotheca Maheshwari, from the Barakar Formation
of Raniganj Coalfield
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The genus lA!lstotheca, known so far only from the Barakar Formation of Rajmahal Hills, Bihar is reported from the
Barakar Formation of Raniganj Coalfield, West Bengal. The genus is represented by two species, viz., L robu.sta (FeisUnanteI)
Maheshwari and L striata sp. nov. The new species is characterised by the presence of interconnecting striations running
parallel to the median vein of the leaves. The taxonomic position of the genus and its records elsewhere are also discussed.
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SURANGE and Prakash (1962) instituted the genus
StelJotheca to include PhyIJotheca robusta Feistmantel
(1880) which Arber (1905) believed did not belong
under PhylJotheca. Maheshwari (1972) considered the
generic name StelJotheca to be an orthographic variant of
the earlier SteOatheca (Danze, 1956, p. 283) proposed for
an ?osmundaceous fertile frond from the Westphalian C
of Pas-de-Calais, France. Therefore, in accordance with
articles 64 and 75 of the International Code of Botanical
Nomenclature he proposed the name Lelstotheca to
accommodate all forms placed under SteOotheca by
Surange and Prakash (1962). However, according to
interpretation of ICBN by Maithy and Mandal (1978)
there is no justification for rejecting the generic name
StelJotheca.

Article 64 of ICBN clearly states-A name is
illegitimate and must be rejected If it is a later homonym
that is If it is spelled exactly like a name previously and
validly published for a taxon of the same rank based on a
different type. Article 64 further notes that orthographic

variants of the same name are homonyms when they are
based on different types (see Articles 73, 75). Thus the
remark of Maithy and Mandal (1978) that "the name
StelJotheca can not be rejected because it has a different
spelling from SteOatheca. Moreover, the former genus has
been proposed for arthrophytes and the latter genus for
?Osmundaceous fertile frond" does not hold good.
Examples cited by Maithy and Mandai (1978), i.e.
Symphyostemon and Sympbostemon, no doubt, can not
be taken as orthographiC variants. More such examples
are given in Article 75 (ICBN, 1978, p. 64), viz., Rubia
and Rubus, Monochaite and Monochaetum, Peponia and
Peponium, Iria and Iris, Desmostachys and
Desmostachya, Gerrardinia and Gerrardiina, DUroillea
and Uroillea, Peltophorus and Peltophorum, etc. At the
same time Astrostemma and Asterostemma,
Pleuropetalum and Pleuripetalum, Escbweilera and
EschweiJeria, Skytanthus and Scytanthus are recognized
as orthographic variants. The names StelJatheca and
StelJotheca also' fall into this category and hence the
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generic rome Stellotheca was correctly replaced by
Lelstotheca.

Outside India, the genus is known by Stellotheca
schtscf)urowskii (= Phyllotheca s(schurowskii
Schmalhausen, 1879) Boureau (1%4). However, the age
of Zalessky's (1918, pI. 24, fig. 1) filllterial collected from
Kuznetsk Basin and included by Boureau is a fillluer of
controversy. The filllterial has been reinvestigated by
Elias (1931), Neuberg (1948) and Radczenko (1956),
who are of the opinion that the collection comprises
Upper Palaeozoic and Lower Mesozoic forms. The
specimens assigned to Phyllotheca stschurowskii by
Zalessky have been found to be different from the type
of the species illustrated and described by Schfilllihausen
(1879). In fact, one of the specimens (Zalessky, 1918, pI.
53, fig. 1, la) has been designated as holotype of
Annularia zalesskyii Elias, 1931. Another specimen
(Zalessky, 1918, pI. 38, fig. 2) has been transferred to
Pityophyllum noerdenskioldii by Elias (1931, pI. 16, fig.
2). Zalessky (1933) himself transferred his P.
stschurowskii specimens to the genus Lobatannularia.
Neuberg (1948) transferred some of the specimens to
Schizoneura sibirica and others to Niazonaria. S. sibirica
was later transferred to a new genus Paraschizoneura by
Radczenko (1956).

It would thus appear that Phyllotheca stschurowskii
of Zalessky (1918) includes morphographically different
forms and hence Boureau's (1%4) transfer of these
forms to the genus Stellotheca (Lelstotheca) needs to be
examined afresh. Maithy and Mandai (1978) remarked
that Arber (1905) and Elias (1931) wrongly spelled
stschurowskii. The fact is that it is the origirol spelling as
given by Schfilllihausen (1879); it was later changed to
schtschurowskii by Zalessky (1918).

The specimens for the present study were collected
from the sandy carbonaceous shales associated with
coals of Barakar Formation (Lower Permian) open cast
projects of the Sangramgarh and Dalmia collieries in the
West Raniganj Coalfield. None of the specimens is
complete; these are preserved as compressions which
have lost almost all their carbonified crust. Cellulose

'acetate pulls do not show cellular details, except for
some faint impressions of longitudinal striations on the
leaf surface. The specimens described by Surange and
Prakash (1962) and Maithy and Mandai (1978) were also
critically examined. All the figured specimens of the
present study are deposited with the Museum of Birbal
sahni Institute of Palaeobotany, Lucknow.

Geous-Lelstotb«a Maheshwari. 1972

1962 StelJotheca Surange & Prakash, Palaeobotanist
.5(1), p. 50, pI. 1, figs 1-7, text-figs 1, 2.

1964 SteUotheca Boureau, Traife de Paleobotanique 3,
p. 287, figs 354, 355.

1966 StelJotheca Rigby, Symp. Florist. & Strat. Cond., p.
51.

1966 Stellotheca Surange, Indian Fossil Pteridophytes, p.
49.

1978 Stellotheca Maithy & Mandai, Palaeobotanist 25, p.
279.

Lelstotbeca robusUI (Feistmantel) Maheshwari. 1972

PI. 1, figs 1, 2

1962 Stellotheca robusta, Surange & Prakash,
Palaeobotanist 9, p. 50, pI. 1, figs 1-7, text-figs 1,
2.

1964 Stellotheca robusta, Bouteau, Trait'e de
Pafeobotanique 3, p. 387, fig. 354.

1966 Stellotheca robusta, Surange, Indian Fossil
Pteridophytes, p. 49, figs 27, 28.

1966 Stellotheca robusta, Rigby, Symp. Florist. & Strat.
Cond., p. 51, pI. 1, figs 1-3.

1978 Stellotheca robusta, Maithy & Mandai,
Palaeobotanist 25, p. 279, pI. 1, figs 1-4, pI. 2, figs
5-9.

1981 Stellotheca robusta, Chandra & Rigby,
Geophytology 11(2), p. 215, pI. 1, fig. 2.

The specimens are comparable in all respects with
Lelstotheca robusta (Feistmantel) Maheshwari described
by Feistmantel (1880), Surange and Prakash (1%2) and
Maithy and Mandai (1978).

Remarks-Feistmantel ( 1880) and Surange and
Prakash (1962) considered that the leaves of a whorl of L.
robusta are attached near the base in the form of a sfilllll
cup or sheath. Maithy and Mandai (1978) observed the
abaxially and adaxially preserved leaf whorls and found
that the false union of leaves is visible in the adaxially
preserved leaf whorl. However, our observation suggests
that the false union as suggested by Maithy and Mandai
(1978) is due to the swollen roture of node. The fine
sediments deposited during the preservation give an
impression of surrounding the cup·like depression (see
pI. 1, fig. 2). Such depositiorol set up of the sediments
around leaf whorl and axis has also been discussed by
Walton (1936), while describing the factors which
influence the external form of fossil plants with particular
reference to Annularia, a comparative equisetale from
the Northern Hemisphere.

Rigby (1%6) described this species from New South
Wales, Australia and included under it some of the foons
earlier described under ?Asterophyllites (dark, 18(6),
Annularia australis (Feistmantel, 1878; Wood, 1883;
Feistmantel, 1890; Etheridge, 1891; Arber, 1905),
Annularia stelJata (Walkom, 1916) and phyllotheca
robusta (Walkom, 1922). StelJotheca sp. of Rigby (1%6)
and Annularia sp. (?Stellotheca sp.) of I2cey and Huard·
Moine (1%6) are not sufficiently well·preserved as to be
properly identified and/or compared with known taxa.

Occurrence-Barakar Fonnation, grey shale above
Seam no. B4, Dalmia Colliery, West Raniganj Coalfield,
West Bengal.
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Lelstotheca striata sp. nov.
PI. I, figs 3-5

Diagno~Axis articulate, ribbed, leaves 8-12 in
number, borne at nodes in a whorl, free up to base,
linear-lanceolate in shape, apex sharply acute, base
constricted, a Single striated midvein entering each leaf
and continuing up to apex; leaf surface showing fine
interconnecting longitudinal striations; sometimes
transverse thickenings present over leaf surface.

Holot}Pe-BSIP Specimen no. 35850; Lower
Permian, Barakar Formation, Coal Seam no. B4,
Sangramgarh Open Cast Project, West Raniganj Coalfield,
West Bengal.

Description-Of the three specimens in the
collection, one specimen (no. 35850) shows two whorls
of leaves attached to a slender axis. Preserved length of
the axis is 11 mm which is 1.75 mm broad, articulate,
with 8-12, fine, parallel, longitudinally running ribs in
each intemode; distance between two nodes is 10 mm,
node smooth. At each node 8-12 leaves are arranged in a
whorl, free up to base; leaves measure 5-8 mm in length
and 1-1.5 mm in width at the widest, margin smooth,
apex acute, base slightly constricted. A Single, striated
midvein enters each leaf at base and continues up to
apex. Surface of each leaf shows 10-15, fine
interconnecting longitudinal striations parallel to the
midvein. The striae arise from the base of leaf and
converge at the apex. Some of the leaves also show
transverse thickenings/striations.

Comparison and discussion-The new species is
comparable with the type species, Lelstotheca robusta in
gross morphography. It can, however, be distinguished
by the presence of fine, interconnecting longitudinal
striations, over the surface of leaves. Transverse
thickenings have also been observed in some of the
leaves. Longitudinal striations over the leaf surface also
occur in PhylJotheca stschurowskii (Schmalhausen, 1879,
pp. 16-17, pI. 3, fig. 2b; pI. 4, fig. 46; pI. 6, figs 2, 3) and
Annularia ste/lata (Elias, 1931).

Striation/fibre/hair-like structures are quite common
in the articulates. The leaves of PhyUotheca sahnit;
Raniganjia bengalensis, Lelstotheca robusta and
Barakaria (Meyen, 1969) show transverse striations.
Walton (1936) reported some hair-like growth over the

+-

PLATE 1

1. LelslOtheca robusta (Feisunantel) Maheshwari, showing the nature
of leaves and stem. BSIP Specimen no. 35848. X 1.5.

2. L robusta leaf whorl showing fulse impression of cup-like
depression formed due to fine sediments depOSited during preser·
vation. BSIP Specimen no. 35849. X 1.5.

3. L striata sp. nov. HoiOlype, showing arrangement and anachment

leaf surface in Annu/aria sphenophylJoides Zenker, A
galioides lindley & Hutton and A jongmansii Walton.
Transverse striations/fibres/hair have been observed over
the leaf surface in Annu/aria westpha/ica Stur,
Carpannularia americana Elias and Annularia zalesskii
(Elias, 1931). Walton 0936, pI. 31, figs 16, 17) illustrated
a specimen of Annularia radiata showing longitudinal
striations oriented at right angles to the axis.

Many authors (Schrnalhausen, 1879; Stiir, 1887;
Walkom, 1916; Zalessky, 1918; Thomas, 1911; Elias, 1931;
Walton, 1936; Neuberg, 1964; Surange & Prakash, 1962;
Pant & Kid'wai, 1968; Rigby, 1966; Pant & Nautiyal, 1967;
Maithy & Mandai, 1978) have expressed divergent views
regarding the nature and importance of the striations.
Some find them as mere lithological characters, though
definite and regular presence of these structures over the
leaf surface is indicative of an adaptive character.
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Mesozoic plant remairts from Sarou, Barmer District,
Rajasthan

jayasri Banerji & Pankaj K Pal

Banerji, jayasri & Pal, P. K (1987). Mesozoic plant remains from Samu, Banner Distria, Rajasthan. Palaeobotanist
35(2) :141-145.

The plant <l$Semblage indudes pteridophytic as well as gymnospermic remains. Amongst the pteridophytes Phlebopteris
is common with rare presence of Cladophlebis, whereas, of the gymnospenns Otozamites is frequent with rare occurrence of
Pach)'pteris, PagiopbyiJum and Bracbyphyllum. The assemblage is somewhat similar to the fossil assemblage of Pariwar
Formation, jaisalmer Distria. On the basis of plant assemblage an Upper jurassic age has been suggested for the Samu Hill
Formation.

lCry-words-Plant megafossils, Pteridophytes, Gymnosperms, Samu Hill Formation, Upper jurassic (India).

jayasri Ranerii & P. K. Pal, Birbal Sahni Institute of Palaeobotany, 53 Unil:ersity Road, Lucknow 226007 (India).
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TI-lE sandstone·siltstone sequence interbedded 'With
ferruginous shales exposed in the hilly range adjacent to
the Samu Village.(25° 40'N : 71 0 47'E) has been named
as Samu Hill Formation (Das Gup~, 1975; Baksi &
Naskar, 1981). From this formation Baksi and Naskar
(1981) have deScribed Phlebopteris athgarhensis jain,
Sphenopteris sp. and Ptilopbyllum acutifolium Morris. A
number of specimens collected by one of us (J.B.) frol11
the same locality is described below

DESCRIPTION

Genus- Phlebopteris Brongniart

Phlebopteris sp. cf. P athgarhensis Jain

PI. 1, figs 1-5; Text-fig 1A-B

Description-Detached pinnae, largest available
specimen 14 em long, 7.4 em 'Wide. Pinna·rachis 2.5-3
rom wide, gradually narrowing towards apex. Pinnules
opposite ar subopposite, arising at an angle of 70 0 -90 0

,

attached by entire base, linear, 0.35·3.5 em long and
1.5-4 mm 'Wide, gradually becoming shorter and
narrower towards apex, often slightly bending
downwards, margins entire, apex acute to obtuse. Midrib
0.5 mm 'Wide, distinct up to apex; lateral veins arising at
an angle of 50 0 -65 0

, mostly bifurcating 1-3 times,
forming distinct polygonal meshes along both sides of
midrib, veins 4-6 per mm near margin. Fertile pinnules
more or less similar to the sterile ones; Sori arranged in
rows, usually 1 rom apart on either side of midrib,
number of sori in a row varies from 14 to 30, two rows of
sari converging towards apex. Sorus almost circular,
about 0.6 mm in diameter 'With a circular depression at
the centre, other details obscure.

Remarks-Both sterile and fertile fronds are well
represented. Out of 30 specimens in our collection none
shows a bipinnate nature. Baksi and Naskar (1981)
mentioned that the number of sporangia in a sorus is 5·7.
But we were unable to find out any trace of sporangia in
any of our specimens. In the Samu Hill specimens the
sori are more contiguous than those in the type·
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specimen of Phlebopteris athgarhensis Jain. Moreover,
nwnber of sporangia in a sorus is not known in the
present specimens.

Genus-Qadopbklns Brongniart

Cladophlebis sp.

PI. 1, fig. 6; text-fig. Ie
Description-Detached pinnae, largest fragment 3.7

an long, 1 cm wide, linear-lanceolate, pinna rachis 0.5
mrn wide, finely striated, imparipinnate. Pinnules
alternate or subopposite, arising at an angle of 60· -90·,
often falcate, 1.5-6 X 1-2.5 mrn in size, attached by broad
base; margins entire, apex acute to broadly rounded.
Midrib distinct, lateral veins simple or forked, mostly
forking once.

Remarks-The collection includes only two
imperfectly preserved specimens, out of which one (PI.
1, fig. 7) has both part and counterpart. In gross
morphography the specimens come closer to
Cladophlebis daradensis described by Bose and Banerji
(984).

Genus-Pacbypterls Brongniart

Pachypteris haburensis Bose, Kumaran & Banerji

PI. 1, fig. 7; Text-fig. ID

Description--0f two bipinnate fronds, the larger
measured specimen 3 cm in length and 2.7 an in width.
Primary rachis -0.5 mm wide, medianly grooved. Pinnae
alternate, emerging at an angle of 50· -60·, linear
lanceolate. Pinnules alternate-subopposite, attached at an
angle of about 40·, lanceolate-obovate, 2-4 mm long and
1-1.5 mrn wide (typically 2.5 X 1.2 rnm), acroscopic
margin towards base slightly constricted, basiscopic basal
margin decurrent on the pinna-rachis; lateral margins
entire; apex acute-obtuse. Veins rarely preserved; midrib
distinct up to apex; secondary veins usually 1 or 2, rarely
3; mostly unforked, rarely in basal pinnules forking once.

Remarks-The two specimens in gross features and
venation pattern of pinnules match exactly with
Pachypteris haburensis.
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Texl-fig. J - A,B. Phlebopleris sp. d. P. alhgarhensis )ain: A, sterile pinnule showing venation, specimen no. BSIP 35898. x 2;
E, part of a pinna with fenile pinnules showing single row of sori on either side of midvein, specimen no. BSIP 35809. X 2. C,
Cladophlebis sp., specimen no. BSIP 35797. x 2. D, Pachypleris haburensis Bose el al, specimen no. BSIP 35797. X 2.
E, OlOzamites sp. d. 0 imbricalUS Feistmantel, specimen no. BSIP 35810. x 2. F, OlOzamites sp. B., specimen no. BSIP 35799. x 1.

PLATE 1

1·5. Phlebopleris sp. d. P alhgarhensis Jain
1. Apical pan of the sterile pinna; Specimen no. BSIP

35791 X 1.
2. Sterile pinna, Specimen no. BSIP 35792. X 1.

3-5. Fertile fronds showing sori; Specimen nos. BSIP
35793, 35795. 35796 x 1.

6. Cladophlebis sp. 1; Specimen no. BSIP 35797. x 1.
7. Pachypleris haburensisBose el al; Specimen no. BSIP 35797. x 1.
8. Olozamiles sp. B.; Specimen no. BSIP 35799. x 1.

--
9. OlOzamiles sp. A; Specimen no. BSIP 35800. x 1.

10-12. OlOzamiles d. imbricatus Feistmantel; Specimen nos. BSIP
35801, 35802, 35803 alL X 1.

13,14. PagiopbyUum sp., Specimen nos. BSIP 35804 and 35805,
both x 1.

15,16. Brachyphyllum sp.; Specimen nos. BSIP 35806 and 35807,
both X 1.

17. 'Com!erocaulon sp.; Specimen no. BSIP 35808. X 1.
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PLATE 1



Description-Leaf imparipinnate, largest available
specimen about 8.5 cm long, 2.7 cm wide, rachis 2.5-3
mm wide; pinnae arising at an angle of 600 -75 0

,

alternate, comiguous, linear falcate, pinnae attached on
upper surface of rachis slightly below middle of base,
base distinct, arcuate, basal acroscopic margin slightly
auriculate, basal basiscopic margin rounded, apex acute
subacute; rarely obtuse, margin emire. Pinnae 0.3-3.1 X
0.1-0.5 cm, typically 2 cm long, 4.5 mm wide, 7·12 veins
radiating from pinna base, simple or forked 1-3 times at
various levels.

Remarks-The species is common at Sarnu. In gross
features the specimens match the specimens of
Otozamites imbricatus Feistmamel described by Bose
(1974, pI. 46, figs 1, 2).

DeSCription-Fragmentary pinnate leaves, rachis 1
mm wide, pinnae subopposite, attached on upper
surface of rachis at an angle of 50 0 -70 0

, 5-7 X 2-3.5 mm,
ovate-falcate, comiguous, basal acroscopic margin slightly
auriculate, basal basiscopic margin somewhat curved
inwards, lateral margins entire; apex obtuse. Veins 8-10
per pinnae nearer base, slightly diverging towards
margin, veins unforked or once forked, forking at
differem levels.

Comparison-0nly two specimens were collected.
Out of them one clearly shows the asymmetrical nature
of the base. In gross features the specimens resemble
most Otozamites kachchhensis Bose & Banerji (1984).

Otozamites sp. B

PI. 1, fig. 8; Text-fig. IF

Descnption-lArgest available fragmem showing
only three pinnae attached on one side of rachis at an
angle of 70 0 .75 0

, oblong in shape, size 2.7 X 0.9 cm,
margin emire, thick, basal acroscopic margin very slightly
auriculate, apex obtuse, veins 35-40 per cm at base;
slightly diverging at distal end, veins unforked-forked.

Comparison-In shape, size and concemration of
veins Otozamites sp. B may be compared with
Otozamites graphicus (Leckenby) Harris, 0. thomasii
Harris and 0. parallelus Phillips described by Harris
(1969).

Otozamites sp. cf. 0. imbn'catus Feistmamel

144

Genus- Otozamltes Braun

PI. 1, figs 10-12; Text-fig. lE

Otozamites sp. A

PI. 1, fig. 9
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spirally borne, appressed, closely placed; gradually
becoming smaller and slightly spreading towards distal
ends of twigs, triangular-rhomboidal, generally 1.5-2 X
1.5-2 mm in size; margin emire; apex acute; distinctly
keeled.

Remarks-In gross features the specimens are not
comparable with any qf the species ofBrachyphyllum so far
knmvn to us. However, refrain from assigning them to a
new species because epidermal features are not known.

Genus- PagWpbyllum Heer

Pagiophyllum sp.

PI. 1, figs 13, 14

Description-Branched shoot, 8.3 cm in length,
leaves spirally attached, laterally spreading, ovate·falcate
in shape, measuring 4-4.5 X 1.5-2 mm, margin emire;
base decurrem; apex acute; distinctly keeled.

Comparison-The specimens resemble somewhat
Pagiophyllum sp. A described by Bose et at. (1982). The
specimens exhibit a wide range of variation in leaf-size.
But altogether they appear to represem a natural
population of continuous range of variations though the
two extremities are distinct from each other.

DISCUSSION

In addition to plant fossils earlier described by Baksi
and Naskar (1981) some more species have been
described in this paper. Besides, our collection also
includes a specimen doubtfully assignable to the genus
Coniferocaulon Fliche (PI. 1, fig. 17). The assemblage is
dominated by Phlebopteris sp. cf. P athgarhensisJain and
Otozamites cf. imbricatus Feistmantel. BrachJPhyllum sp.
is next in abundance. Cladophlebis sp., Pachypteris
haburensis Bose et at. and Pagiophyllum sp. are rare.

The assemblage is somewhat similar to the
assemblage described from the Pariwar Formation by
Maheshwari and Singh (1976) and Bose et at. (1982).
The assemblage from Habur also has forms like
Phlebopteris, Pachypteris, Otozamites, Pagiophyllum and
Brachyphyllum. However, so far Taeniopteris,
Pterophyllum and Anomozamites have not been found at
Sarnu. Baksi and Naskar (1981) have suggested a Lower
Cretaceous age for the Sarnu fossiliferous beds. In the,
absence of any definite Cretaceous forms like Weichselia
and Onychiopsis, it is difficult to say whether the Samu
beds are exactly of Lower Cretaceous age. However, the
overall assemblage is more suggestive of Upper Jurassic
age.

Genus- ~racbypbyllum Brongn.lart

Brachyphyllum sp.

PI. 1, figs 15, 16

Description-Twigs profusely branched in all
directions, largest specimen 4.7 cm in length, leaves
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A new fossil dicot wood from the Deccan Intertrappean
beds of Mandla District, Madhya Pradesh

R. C. Mehrotra

Mehrotra, R C. (1987). A new fossil diCD! wood from the Dec= lmenrappean beds of Mandla District, Madhya Pradesh.
Palaeobotanist, 35(2) : 146-149.

A fossil dicotyledonous wocd, Euphorioxylon deccanense sp. nov., of Sapinclaceae has been described from the Deccan
lnlenrappean beds of Mehdwani, Mandla District. Small to medium·sized vessels, scamy paralIaCheal parenchyma, almost
exclusively uniseriate xylem rays and non·septate fibres are the diagnostic features of the fossil wocd.

Key-won!s-XylolOmy, Sapindaceae, Euphorioxyton, Dec= lnlenrappean beds, Early Telliary (India).

R. C Mebrotra, Birbat Sohni Institute of Palaeobotany, 53 University Road, Ludmow 226007, India.
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A lARGE number of fossil plants, mostly in the form of
petrified woods, have been described from various
Deccan Intertrappean localities of Mandla District,
Madhya Pradesh (Mehrotra, Prakash & Bande, 1984;
Bande, Mehrotra & Prakash, 1986). Recently a new
locality, Mehdwani (22 0 54' N: 80° 40' E), was
discovered in the same area, which lies about 70 km
north-east of Mandla proper. A number of palm woods
and a few dicotyledonous woods were collected from
here. One of the dicotyledonous woods from this
collection has been found to resemble certain
xylotomically closely related genera of Sapindaceae and
is being described here.

SYSTEMATIC DESCRIPTION

Geous-Eupbortoxylon AwasthI, Gulerla '" Lakhaopal, 1982

Euphorioxylon deccanense sp. nov.
PI. 1, figs 1, 3, 4, 6, 7

Material-A small piece of well preserved secondary
wood about 2 em in length and 1.7 em in width.

Description- Wood diffuse-porous (PI. 1, fig. 1).
Growth rings indistinct. Vessels usually small to medium
sized, sometimes very small, t.d. 40-120 ,urn, r.d. 40-140
,urn, mostly solitary, occasionally in radial multiples of 2
4, rarely in tangential pairs, circular to oval when solitary,
\\lith flat contact walls when in multiples, sometimes
deformed due to compression, 9-23 per sq mm (PI. 1,
figs 1, 3); tyloses occasionally present; vessel members
180-330 ,um long \\lith oblique to horizontal ends;
perforations Simple (PI. 1, fig. 4); intervessel pit-pairs
bordered, alternate, 6-8 ,urn in diameter, circular to oval
in shape with lenticular apertures (PI. 1, fig. 7).
Parenchyma scanty paratracheal (PI. 1, fig. 3),
parenchyma cells thin-walled, 24-60 ,urn in length and
16-20 ,urn in diameter. Xylem rays 7-10 per mm, almost
exclUSively uniseriate, sometimes \\lith paired cells,
usually made up of procumbent cells, sometimes \\lith
both procumbent and upright cells, 8-12 ,urn in width
and 2-42 cells or 30·520 ,urn in height (PI. 1, fig. 4); ray
tissue heterogeneous, procumbent cells 12-20 ,urn in
tangential height and 28-40 ,um in radial length; upright
cells 28-40 ,urn in tangential height and 8-12 ,urn in radial
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length (PI. 1, fig. 6). Fibres semi-librifonn, oval to

polygonal in cross section (PI. 1, fig. 3), non-septate, 12
20 ~m in diameter and 240-800 ~m in length (PI. 1, fig.
4).

AJjinities-The important characters of the fossil
wood are small to medium-sized vessels, scanty
paratracheal parenchyma, almost exclusively uniseriate
xylem rays, heterogeneous ray tissue and non-septate
fibres. These characters are met with in the families
Sonneratiaceae and Sapindaceae (Pearson & Brown,
1932; Metcalfe & Chalk, 1950; Kribs, 1959; Miles, 1978).
In Sonneratiaceae, only the genus Sonneratia L shows
some similarity with the fossil in gross features. However,
the presence of vestured pining and absence of
parenchyma differentiate it from the present fossil (cf.
Kazmi, 1982). As far as Sapindaceae is concerned,
Ramesh Rao (1963, pp. 212-213) has given a key for
separating different genera of this family on the basis of
wood anatomy. A perusal of the key indicates that the
fossil shows close resemblance with Nephelium linn.,
Scbleichera Wi lid. and Xerospermum ferrugineum C.E.C.
Fisher. Schleichera can be differentiated from the fossil in
having diffuse as well as tenninal parenchyma and 1-2
seriate xylem rays while Xerospermum ferrugineum can
be distinguished in possessing comparatively smaller
number of vessels (4-9 per SCI mm). Hence, the fossil
shows maximum resemblance with Nephelium (sensu
lato).

In its wider sense, Nephelium consists of about 30
species. However, according to Radlkofer (in Brandis,
1971) they should be grouped under four distinct
genera-Euphoria, Litchi, Otonephelium and Nephelium.
On the basis of xylotomy, Nephelium, in its restricted
sense, can be differentiated from the other three genera
by the amount of wood parenchyma which is best
developed in the fonner and is rather sparse in the laner
three.

Wood anatomy of Euphoria, Litchi and
Otonephelium has been described by Ramesh Rao
(1963) and according to him they are indistinguishable.
Besides consulting the deSCription of Ramesh Rao (1963,
p. 226), the wood slides of Euphoria longana, Litchi

PLATE 1

1. Euphorioxylon deccanense sp. nov.--eross section of the fossil
wood in low power showing shape, size and distribution of the
vessels. x 45; Slide no. B.S.I.P. 35895-1.

2. Nephelium slipuiaceum-Cross seaion of the modern wood showing
similar shape, size and distribution of the vessels. X 45.

3. Euphonorylon deccanense sp. nov.-Magnified cross seaion of the
fossil wood showing scanry paratracheal parenchyma and arrange·
mem of the vessels. x 100; Slide no. B.S.I.P. 35895-1.

4. Euphorioxylon deccanense sp. nov.-Tangemiallongitudinal seaion
of the fossil wood showing struclure of xylem rays and fibres. x 120;
Slide no B.5. I. P. 35895·-11.

chinensis and Otonephelium stipulaceum were also
examined by the author who found that though there
were some differences in a few anatomical characters of
these three taxa, they were not significant enough to
warrant a generic differentiation. However, it is felt that a
critical examination of the wood slides of a larger
number of species of these three genera would be
desirable to establish generic identity on the basis of
wood anatomy.

Thus, as known at present, on the basis of xylotomy
the genera Euphoria, Litchi and Otonephelium fonn a
complex whose components are impossible to

differentiate. For the fossil wcxxis assignable to this
complex, Awasthi et al (1982) had instituted the genus
Euphorioxylon. Because of the closeSt resemblance of
the present fossil with this complex, it has been placed
under the same genus. In the generic diagnosis of
Euphorioxylon, ray tissue was mentioned as
homogeneous. However, due to the occasional presence
of upright cells also in the present fossil wood, the ray
tissue in its generic diagnosis should be emended as
"homogeneous to heterogeneous".

So far the only record of Euphorioxylon is E,
indicum Awasthi, Guleria & ~anpal (1982) which is
known from the Cuddalore Series of Pondicherry and
Kankawati Series of Kutch. This species differs from the
present fossil in having homogeneous ray tissue and
comparatively fewer vessels (9-14 per sq mm). In
addition, vessel multiples are more frequent in it than in
the present fossil wood.

As the present fossil is different from Euphorioxylon
indicum, it has been placed under a new species
Euphorioxylon deccanense, the specific name indicating
its occurrence in the Deccan Intenrappean sediments.

Of the three living species resembling the fossil,
Euphoria longana is distributed throughout the Western
Ghats from the Konkan southwards, extending to Sri
I2nka and ascending up to 900 m, Assam, South China,
Bunna and Malaya. Litchi chinensis is a native of China,
cultivated in India for its fruits. Otonephelium
stipulaceum is a handsome medium-sized tree being
confined to the evergreen forests of Western Ghats from

5. Nepbelium slipuiaceum-Tangential longitudinal seaion of the
modern wood showing similar struaure of xylem rays and
fibres. X 120.

6. Euphorioxylon deccanense sp. nov.-Radial longitudinal seaion
of the fossil wood showing heterogeneous ray tissue. X 180; Slide
no. B.S.I.P. 35895·111.

7. Euphonoxylon deccanense sp. nov.-Magnified intervessel pit·
pairs of the fossil wood. X 400; Slide no. B.S.l.P. 35895-11.

8. Nephelium slipulaceum-Magnified intervessel pit·pairs of the
modern wood. X 400. \
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the Nilgiris southwards, ascending up to 900 m (Ramesh
Rao, 1963).

SPECIFIC DIAGNOSIS

Euphorioxylon deccanense sp. nov.

Wood diffuse-porous. Growth rings indistinct. I'essels
small to medium-sized, t.d. 40-120 ~m , r.d. 40-140 ~m,

solitary and in radial multiples of 2-4, 9-23 per sq mm,
tyloses occasionally present; perforations simple;
intervessel pit-pairs bordered, alternate, medium-sized
with lenticular apertures. Parenchyma scanty
paratracheal. Xylem rays almost exclusively uniseriate,
mostly made up of procumbent cells, 7-10 per mm, 8-12
~m in width and 2-42 cells or 30-520 ~m in height; ray
tissue heterogeneous. Fibres semi·libnform and non
septate.

Holotype-BSIP Museum specimen no. 35895 (the
specimen was consumed while preparing the slides).

Locality & age-Deccan Intertrappean beds of
Mehdwani, Mandla District, Madhya Pradesh; Early
Tertiary.
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Palynology of the Barail (Oligocene) and Surma (Lower
Miocene) sediments exposed along Sonapur-Badarpur

Road Section, )aintia Hills (Meghalaya) and Cachar (Assam).
Part-VI. Palynostratigraphic zonation

R. K. Saxena, M. R. Rao & H. P. Singh

Saxena, R. K., Rao, M. R & Singh, H. P. (1987). Palynology of the Barail (Oligocene) and Surma (Lower Miocene)
sediments exposed along Sonapur·Bac!arpur Road Section in ]aintia Hills (Meghalaya) and CachaI' (Assam) Pan·Vl.
Palynostratigraphic zonation. Palaeobotanist 35(2) : 1'50-158.

Excellent exposures of Barail and Surma groups are developed along the sonapur·Bac!arpur Road Section in]aintia Hills
(Meghalaya) and Caehar (Assam). Frequency analysis and variation pattern observed in the palynoassemblage from these
sediments provide ample evidence for their biostratigraphic zonation. On the basis of the first appearance, maximum
development and decline of the various palynofossils, six cenozones have been recognized in the sequence. These are in
ascending order: (i) Polysphaeridium subtile Cenozone, (ii) Todispon'tes major Cenozone, (iii) Lygodiumsporites eocenicus
Cenozone, (iv) Striatriletes sinuosus Cenozone, (v) Pinuspollenites /oveolatus Cenozone, and (vi) Malayaeaspora costata
Cenozone. A formal description of each cenozone, as to their type section, lithology, thickness, nature of contacts, restricted
and characteristic spore·pollen species and other salient fearures, if any, have also been given. The lateral extension of these
cenozones has a potential in the correlation and demarcation of eqUivalent strata in other partS of this region.

Key-WOI'ds-Palynostratigraphy, Barail·Surma groups, Oligocene Lower Miocene, Meghalaya·Assam (India).

R. K Saxena, M. R. Rao & H. P. Singh, Birbal Sahni Institute o/Palaeobotany, 53 University Road, Lucknow 226007,
India.
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identification of stratal sequences and also in dividing
them into finer units (zones). These are some of the
impol1ant aspects of any palaeo-palynological study. A
few effons have so far been made in using the
palynofossils for the above purpose by Baksi (1962),
Dutta and Sah (1970), Banerjee, Misra and Koshal
(1973), Sah and Duna (1974) and Sah and Singh (1974),

\
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A FIElD study of the Teniary sediments of nonh-eastem
India reveals that various rock formations developed in
this region are subjected to a large scale lateral variation
and therefore lithological markers prove to be of limited
value in stratigraphiC correlation and demarcation of
various levels therein. In such cases. biostratigraphic
zones play an imponant role in demarcation and

IB.S.I.P. I,,., r 1'\. 1
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as far as the Tertiary sedirhents of north-eastem India are
concemed.

The authors have studied the palynology of the
Barail (Oligocene) and Surma (Lower Miocene)
sediments exposed along the Sonapur-Badarpur Road
Section in ]aintia Hills (Meghalaya) and Cachar (Assam).
Systematic description of the palynofossils recovered
from this section has been published by Rao (1983),
Singh and Rao (1984), Saxena and Rao (1984), Rao etal.
(1985), Rao (1986), Singh et aL (1986) and Rao and
Singh (MS). The present paper deals with the
palynostratigraphic zonation of the Barail-Surma
sequence exposed along this section. These zones, when
traced laterally, may prove to be helpful in correlation
and demarcation of equivalent strata in other parts of
north-eastem India.

The palynoassembhiges recovered from the Barail
(Oligocene) and Surma (Lower Miocene) groups are
rich in pteridophytic spores and gymnospermous pollen
grains, whereas the angiospermous pollen grains and
algal and fungal remains are comparatively less
represented. The assemblage consists of 62 genera and
112 species of palynomorphs. Of these, some species
have a wide range of distribution while others are
restricted to a small stratigraphic interval.

For the quantitative analysis of the assemblage, 200
specimens per sample were counted. However, in cases
where the yield \Vas poor, only 150 palynomorphs were
counted. The frequencies of all the species per 100
specimens, were calculated and plotted in the range
chart under the five slabs, viz., very rare (below 2%), rare
(2-10%), common (11-20%), abundant (21-35%) and
predominant (above 35%) (Text-fig. 1).

On the basis of the qualitative and quantitative
analyses of the palynoflora, it seems possible to divide
the Barail-Surma sequence of the present section into six
cenozones. To establish and recognize these cenozones,
parameters like the first and last appearance of various
palynotaxa and their maximum development, decline,
restricted occurrence and absence have been taken into
consideration. Each cenozone has been formally
instituted in accordance with the code of Stratigraphie
Nomenclature of India (1971).

PALYNOSTRATIGRAPHY

The six cenozones established in the Barail-Surrna
sequence of Sonapur-Badarpur Road Section, are given
below in the ascending order of stratigraphy.

(vi) Malayaeaspora costata Cenozone
(v) Pinuspollenites joveolatus Cenozone

(iv) Striatriletes sinuosus Cenozone
(iii) Lygodiumsporites eocenicus Cenozone
(ii) Todisporites major Cenozone
(i) Po/ysphaeridium subtile Cenozone

Polysphaeridium subtile Cenozone

TJPe section-Lower Uiisong Formation exposed
along Sonapur-Badarpur Road Section between 140 km
and 142 km.*

Litholo~This zone is mainly composed of grey,
very hard, thinly bedded, very fine to medium grained
sandstones altemating with subordinate hard, sandy
shale and intraformational conglomerate. Massive and
moderately well bedded sandstones are also common.
Generally the shales are carbonaceous. Thickness of this
zone is ± 900 m.

Nature oj contact-,-This cenozone constitutes the
lower biostratigraphie unit of the Uiisong Formation and
conformably overlies the Kopili Formation
(DensiverrupolLenites eocenicus .Cenozone, Tripathi &
Singh, 1984). The upper limit of this cenozone is
conformably overlain by the Todisporites major
Cenozone, which is made up of thick sandstones
intercalated with carbonaceous shale bands.

Species restricted to this cenozone-Adnato
sphaeridium vittatum, Tricolpites sp.

Characteristic palynojossils-Adnatosphae-ridium
vittatum, Po/ysphaeridium subtile, Cordosphaeridium
inodes, Impletosphaeridium insolitum, Homotryblium
jlorzpes, Striatriletes susannae, Lygodiumsporites
lakiensis, L. eocenicus, Cyathidites minor and
Pinuspollenites joveolatus (PI. 1, figs 1-9).

Remarks-The significant feature of this cenozone is
that the dinoflagellate cysts are represented by 23 per
cent. These cysts dominate in this zone while in the
other zones they are insignificantly represented.
Po/ysphaeridium subtile constitutes the IT\ajor part 05%)
of the dinoflagellate CYSts and in some samples Its
percentage reaches up to 45 per cent or even more. The
dominance of this taxon is, therefore, important and
helps in distinguishing this cenozone from the overlying
Todisporites major Cenozone. In addition,
Adnatosphaeridium vittatum, Cordosphaeridium inodes,
and C jibrospinosum are also present in appreciable
frequency. This cenozone is also rich in the
pteridophytic (50%) and gymnospermous pollen grains
(25%), while angiospermous pollen grains and fungal
remains (2%) are insignificantly represented. Among the
pteridophytic spores, Striatriletes is very abundant. Since
this genus occurs in good frequency in all the
cenozones, it can not be taken as marker taxon for any of
them.

Todispon'tes major Cenozone

TJPe section-The upper part of the Uiisong
Formation, exposed along Sonapur-Badarpur Road
Section between 142 km and 143.2 km.

·The distances are given wilh reference to Shillong along Shillong·
Silchar Highway (National Highway-44).
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PHRAGMOTHYRITES EOCAENICA
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LARICOIOITES PUNCTATUS

IPOLYPODIACEAESPORITES TERTIARUS
LYGODIUMSPORITES EOCENICUS
LYGODIUMSPORITES LAKIENSIS
STRIATRILETES SUSANNAE

,PICEAPOLLENITES 'p
ABIESPOLLENITES sURMAENSrS
PINUSPOLLENITES FOVEOLATUS
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TODISPORITES MINOR

IPODOCARPIDITES MEGHALAVAENSIS
KUTCHIATHYRIT ES 'p.
MALVACEARUMPOLLIS ,p
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NOTOTHVRITES PADAPPAKARENSIS
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MONO LITES MAJOR
FOVEOSPORITES TRIANGULUS
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Text-fig. I-Palynostratigraphic zonation of the Barail and Surma groups of Jaintia Hills (Meghalaya) and Cachar (Assam).

Litbology--The lithology mainly consists of grey,
vel)' hard, thinly bedded, very fine to medium grained
sandstone alternating with carbonaceous shales. The
thickness of this cenozori.e is ± 750 m.

Nature oj contact-The upper part of this cenozone
is (unposed of grey, medium grained sandstone which
is confonnably overlain by grey and carbonaceous shales
of the basal part of the Lygodiumsporites eocenicus
Cenozone.

Species restricted to this cenozone--Biretisporites
oligocenicus and Cordosphaeridium multispinosum.

Characteristic palynojossils- Cordosphaeridium
multispinosum, C. jibrospinosum, Polysphaeridium
subtile, Striatriletes susannae, Biretisporites oligocenicus,

Todisporites major, Lygodiumsporites lakiensis, L.
eoceniCIIs, Polyadopollenitessahiiand Echistephanocolpites
meghalayaensis (PI. 1, figs 10-17).

Remarks--Pteridophytic spores are dominant (77%)
in this cenozone. Todisporites major constitutes 30 per
cent of the pteridophytic spores while in the underlying
and overlying zones, its percentage is almost
insignificant. Such a high. frequency of this species has
been taken as a reliable fea·ture for the identification of
this cenozone. Algal remains are represented by 5 per
cent, fungal remains 8 per cent, gymnospennous pollen
grains 8 per cent and angiospennous pollen grains 2 per
cent.
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LygodiumspOrites eocenicus Cenozone

Type section-Jenam and Renji formations exposed
along Sonapur·Badarpur Road Section between 143.2 kIn
and 147.) kIn.

Lithology-The lower pan of this zone is mainly
argillaceous and consists of shales and sandy shales with
fine to medium grained sandstones whereas the upper
pan is.characterised by thickly bedded or massive, fine to
medium grained, hard, ferruginous, occasionally cross·
bedded sandstone with alternation of shales. Generally
the shales are catbonaceous throughout this cenozone.
The thickness of this cenozone is ± 1650 m.

Nature oj contact-The contact of this cenozone
with the overlying SlI-iatriletes sinuosus Cenozone is
unconfonnable. This contact coincides with Barail·Surma
contact.

Species restricted to this cenozone-Striatn'letes
pachyexinus and Dictyophyllidites indicus.

Characten'stic palynojossils-Striatriletes susannae,
S pachyexinus, Lygodiumsporites eocenicus, L. lakiensis,
Todisporites major, Polypodiaceaesporites tertiarus,
Podocarpidites meghalayaensis, LariWidites p"nctatus
and Polyadopollenites sahii (PI. 1, figs 18·21)

Remarks-This cenozone is characterised bv very
high frequency of pteridophytic spores (82%).
Lygodillmsporites constitutes the most dominant element
(about 30%) of the assemblage and is represented by
two species. Of these, Lygodiumsporites eoceniclls
constitutes 20 per cent of the assemblage, hence the
zone is named after it. It is also characterised by the
decline in gymnospennous pollen grains (8%) and
Todisporites major. Besides, the dinoflagellate CystS are
very rare in this cenozone. Fungal remains and the
angiospennous pollen grains are represented by 6 per
cent and 4 per cent respectively.

Striatriletes sinuosus Cenozone

T)pe section-Lubha Member, Lower Bhuban
Formation, exposed along Sonapur·Badarpur Road
Section between 147'5 kIn and 151.1 kIn.

Lithology-This zone consists of thin to fairly thick
beds of fine to very fine grained, fawn, grey or brmvn
sandstone with subordinate shales. The thickness of this
cenozone is ± 650 m.

Nature oj contacr-The upper pan of this 'Cenozone
is made up of sandstone bed "vhich is conformably
overlain by the catbonaceous shale of Pinuspollenites
joveolatus Cenozone.

Species restricted to thiS cenozone-Striatriletes
sinuosus.

Characteristic palynojossils- Cordosphaeridium
inodes, Homotryblium jloripes, Striatriletes sinuosus, S
sllsannae, Lygodiumsp071tes lakiensis, L. eocenicus,
Cyathidites australis, Polypodiisporites javus,

Polypodiaceaesporites chatterjii, Abiespollenites
surmaensis, Pinuspol!enites joveolatus, Couperzpol!is
robustus, Polyadopollenites sahii, Echistephanocolpites
meghalayaensis and Malvacearumpol!is sp. (PI. 2, figs I·
9).

Remarks-Striatriletes sinuosus Cenozone is
characterized by the dominance of the genus Striatriletes
(about 60%). Out of this, Striatriletes sinuosus represents
20 per cent of the assemblage and is restricted to this
cenozone only. For this reason, the cenozone is named
after this taxon. This cenozone also shows the
comparative increase of gymnospennous pollen up to 20
per cent and the reappearance of dinoflagellate cysts.
Todisporites major is conspicuous by its complete
absence in this cenozone. Algal remains are represented
by 10 per cent, fungal remains by 3 per cent and
angiospennous pollen grains by 5 per cent.

Pinuspollenites joveolatus Cenozone

Type section-Umkiang and Dona (in pan)
members of Bhuban Fonnation of Sunna Group,
exposed along Sonapur-Badarpur Road Section between
151.1 km and 165.75 kIn.

Lithology-This zone consists of thick shale beds
with brown, fine to medium and occ3.$ionally coarse
grained, thinly bedded, lenticular sandstones and a few
thin intrafonnational conglomerate in the lower part and
grey and brown, very fine to medium grained, often
argillaceous, fairly hard sandstone, alternating with thin
sandy and catbonaceous shales in the upper part. The
thickness of the cenozone is ± 800 m.

Nature oj contact-The upper part of this cenozone
is represented by sandy and catbonaceous shales which
are confonnably overlain by the basal sandstone bed of
Malayaeaspora costata Cenozone.

Species restricted to this cenozone-Dinocyst type·~,

Pannathyrites ramanujamii.
Characten'stic palynoj ossils- Cordosphaeridium

inodes, Dinocyst type-2, Todisporites minor,
Lygodiumsporites eocenicus, L. lakiensis, Striatriletes
susannae, POQpodiaceaespon'tes tertiarus, P chatte7fil~

Pinllspollenites joveolatus, Abiespol!enites .sunnaensis and
MaluacearumpoUis sp. (PI. 2, figs 10·18).

Remarks-This cenozone is characterized by the
dominance of gymnospennous pollen grains (33%).
Among the gymnospermous pollen grains,
Pinuspollenites joveolatus constitutes about 60 per cent
of the assemblage and as such is a dominant taxon of
this cenozone. In other cenozones it is sporadically
represented.

This cenozone is also characterized by the
dominance of Polypodiaceaesporites tertiarus, P
chatterjii, Todisporites minor, Lygodiumsporites lakiensis
and MalvacearumpolJis sp. Besides, the reappearance of
Todispon'tes major and Cordosphaeridium inodes are
among the other imponant features of this cenozone.
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The algal remains are represented by 4 per cent, fungal
remains 3 per cent, pteridophytic spores 57 per cent, and
angiospermous pollen grains 3 per cent.

Malayaeaspora costata Cenozone

TJPe section-The upper pan of Bhuban Formation
(Dona Member) and Bokabil Formation exposed along
Sonapur-Badarpur Road Section between 165.75 km and
180 km.

Litholo~The lower pan of this cenozone mainly
consists of grey and brown, very fine to medium grained,
often argillaceous, fairly hard sandstone alternating with
thin sandy and carbonaceous shales whereas the upper
pan is characterized by thick sandy shales with
altemation of very fine grained laminated sandstones.
The thickness of this cenozone is ± 550 m.

Species restn'cted to this cenozone-Malayaeaspora
costata, Surmaspora sinuosa, Lygodiumsporites
donaensis, Lycopodiumsporites abundans, Foveotriletes
sp., Biretisporites meghalayaensis, Polypodiisporites
jormosus, CoupenpoOis donaensis, C ramanujamii and
Assamiapol!enites sp.

Characteristic palynojossils-Malayaeaspora costata,
Lygodiumsporites eocenicus, L. lakiensis, L. donaensis,
Biretisporites meghalayaensis, Striatriletes susannae,
Polypodiaceaespon'tes tertiarus, P chatterjii, Monolites
major, Pinuspollenites joveolatus, Abiespollenites
surmaensis, Assamiapollenites sp., Couperipollis
donaensis, C ramanujamii and Malvacearumpollis sp.
(PI. 2, figs 19-27).

PLATE 1

(All photomicrographs are enlarged ca. X 500. The coordinates
of the specimens refer to the stage of Censico Microscope no. 13167).

Polyspbaeridium sublile Cenozone

I. Mnatospbaeridium vitla/um Williams & Downie in Davey et al;
Slide no 8383, coordinates 75.1 X 120.0.

2,3- Cordospbaeridium inodes (Klumpp) Eisenack, Slide no. 8370:
coordinates 56.0 X 110.3, 756 X 117.5

4 Striatriletes susannae van der Hammen emend. Kar; Slide no.
8387, coordinates 52.2 X 103-3

5. Impletospbaeridium insolilum Eaton; Slide no. 8.~73, coordinates
42.0 X 110.5

6 Tricolpites sp.; Slide no. 8745, coordinates 66.2 X 101.3-
7. Lygodiumsporites lakiensis Sah & Kar; Slide no. 9023. coordinates

73.5 X 105.7
8. POlyspbaeridium subtile Davey & Williams in Davey et aI.; Slide

no. 8369, coordinates 62.2 X 106.4.
9. Pinuspollenites foveolalus Rao; Slide no. 8400, coordinates 41.1 X

100.0

Todisporiles major Cenozone

10. Cordospbaeridium mullispinosum Davey & Williams in Davey et
al.; Slide no 8369. coordinates 35.6 X 103.4.

Remarks-Among the pteridophytic spores,
Malayaeaspora costata constitutes about 20 per cent of
the assemblage and is restricted to this cenozone only.
For this reason, it is named after M. costata,
Lygodiumsporites donaensis, Surmaspora sinuosa,
Lycopodiumspon'tes abundans, CouperipoOis spp. and
Assamiapollenites sp. are also restricted to this cenozone.
In addition, the percentages of angiospermous pollen is
comparatively higher and Lygodiumsporites eocenicus
and L. lakiensis again appear in it. The dinoflagellate
cysts are absent. The assemblage also consists of fungal
remains (3%), pteridophytic spores (63%),
gymnospermous pollen grains (22%) and
angiospermous pollen grains (12%).

DISCUSSION,

The range and relative frequency of the various
palynoraxa, as shown in the Text-fig. 1, reveal that a few
miofloral changes can be marked in the Barail-Surma
sequence of the present Sonapur-Badarpur Road Section.
Some of these changes correspond with the physical
features like unconformity and lithological boundaries.

The first such change was observed in the middle of
the laisong Formation dividing it into a lower
Polysphaeridium subtile Cenozone and an upper
Todisporites major Cenozone. The former is
characterized by the rich representation of dinoflagellate
cysts (23%), especially Polysphaeridium subtile and
Adnatosphaeridium vittatum along with pteridophytic
spores (50%), whereas in the latter dinoflagellate cysts

-
11. Cordospbaeridium fibrospinosum Davey & Williams in Davey el

ai; Slide no. 8369. coordinates 53-3 X 101.6.
12. PoIyadopolJenites sabii Rao et al; Slide no. 8758. coordinates

42.5 X 118.2.
13 Striatn'letes susannae van der Hammen emend Kar; Slide no.

9503. coordinates 549 X 117,3..
14. Todispon'tes major Couper; Slide no. 8389, coordinates 48.1 X

987.
15. Biretisporiles oIigocenicus Rao & Singh; Slide no 8388.

coordinates 62.4 X 99.6.
16. Lygodiumspontes lakiensis Sah & Kar emend. Rao & Singh; Slide

no. 8390, coordinates 49.1 X 110.3-
17. Ecbistepbanocolpiles megbalayaensis Rao et aI.; Slide no. 8116,

coordinates 54.2 X 112.3.

Lygodillmsporites eocenicus Cenozone

18. Striatnleles pachyexinus Rao & Singh; Slide no. 8391, coordinates
56.0 X 101.5.

19. DictyophylJidiles indicus Rao & Singh; Slide no. 8392. coordinates
692 X 108.6.

20. Lygodiumsporites eocenicus Dutta & ~h; Slide no 8393.
coordinates 48.8 X 109.1.

21. Polyadopolleniles sahii Rao el aI.; Slide no. 8396, coordinates
45.3 X 102.2.



SAXENA el ai-PALYNOLOGY OF BARAJL AND SURMA SEDIMENTS 155

3 .~

: .
I • ...... -.., ....

,...~.,
I I' .,

7
1

•• -~~".:-

.-': ",>~~~
r' .;..-;:: .••.. '''','''J"••. , ..... '

." .::""~~1.'~-'.' .
,. ......."'~."i . . I .

,. ~ . ""'"' J. . ~ .}!-

4.

~,-8

10

t'

"

..
,....

16

......

21

PlATE 1



156 THE PAlAEOBOTANlST

decrease (5%) with corresponding increase in
pteridophytic spores (77%). This miofloral change is not
associated with any lithological boundary. The second
miofloral change was marked between the Todisporites
major and Lygodiumsporites eocenicus Cenozones,
corresponding with the I2isong-]enam boundary. While,
both the zones are rich in pteridophytic spores, the latter
is distinguished from the former by the high
representation (30%) of Lygodiumspontes and restricted
occurrence of Striatriletes pachyexinus. The
Lygodiumsporites eocenicus Cenozone covers very thick
sequence including both ]enam and Renji formations.

It is interesting to note that no floral change could
be recognised at ]enam-Renji contact, though the two
formations are well distinguishable on lithological
grounds. The third miofloral change "WaS recognized at
the Barail-Surma contact and is thus associated with
lithological boundary as well as with regional Oligo
Miocene unconformity. The cenozone across this
boundary is named as Striatn"letes sinuosus Cenozone
and is characterized by 60 per cent representation of
Striatriletes, restricted occurrence of Striatriletes sinuosus
and increasing frequency (20%) of gymnospermous
pollen grains. This cenozone corresponds with the Lubha
Member of the Bhuban Formation. Its upper contact with
the overlying Pinuspollenites joveolatus Cenozone marks
the fourth miofloral change and is associated with a

PlATE 2

(All photomicrographs are enlarged ca. x ';00)

StriamJeles sinuosus Cenozone

1. Striamleles sinuosus Rao & Singh; Slide no. 8407, coordinates
669 x 95.9.

2. Sm'ah"ileles susanlUle van der Hammen emend. Kar; Slide no
838';, coordinates 39.9 x 104.6.

3. Polypodiispanles favus POlonie; Slide no. 8401, coordinates 56.1 x
103.1.

4. Couperipoilis robusluS Saxena; Slide no. 8399, coordinates 63.0 X
10';.1.

5. Pinuspoileniles foveolalus .Rao, Slide no. 8412, coordinates 56.9 X

1109.
6. Homolryblium flonpes (Deflandre & Cookson) Slover; Slide no.

8374, coordinates 73'; x 110.5
7. Abiespolleniles s/lmlamsis Rao; Slide no. 8407, coordinates 63.5 X

997.
8. Lygodiumsporiles lakiellsi, Sah & Kar. emend. Rao & Singh; Slide

no. 9025, coordinates 70.5 x 106.9.
9. Polypodia<:eae,ponl('s chanerjli Kar; Slide no. 8404, coordinates

745 x 1013

Pil/l"poileniles fOlleola/lls Cenozone

10. Dinocyst type·2; Slide no. 8380, coordinates 52.9 x 977.
11. Cordosphaeridium inodes (Klumpp) Eisenack; Slide no. H370,

coordinates 60.2 x 110S
12. Parmalhyriles ramanujamii Singh el aJ.; Slide no. 8109,

coordinates 48.4 x 93S
13. Malllcu:.eammpoilis sp.; Slide no. 8403, coordinates 66.5 x l08S
14. Lygodiumsporiles lakiensis Sah & Kar emend Rao & Singh; Slide

lithological boundary. In the PinuspoU.enites joveolatus
Cenozone, gymnospermous pollen show further increase
(33%) with significant representation of PinuspolJenites
joveolatus and decline in the pteridophytic spores,
particularly Striatriletes. The fifth and the last change
observed in the miofloral succession of the present
section is at the contact of Pinuspollenites joveolatus and
Malayaeaspora costata Cenozones dividing the Dona
Member into two parts. The Malayaeaspora costata
Cenozone covers the upper part of the Dona Member
and Bokabil Formation and is characterized by rich
representation (20%) and restricted occurrence of
Malayaeaspora costata and also by the restricted
occurrence of Lygodiumsporites donaensis, Surmaspora
sinuosa, Lycopodiumsporites abundans, Coupenpollis
spp. and AssamiapoU.enites sp.

The above discussion also makes clear that the
gymnospermous pollen grains increase in frequency in
Surma Group as compared to Barail Group. TheSe pollen
might have migrated from the extra-peninsular region in
the north which would have been suffiCiently high
during Lower Miocene to support coniferous flora.

It is significant that while no floral change has been
observed in the entire ]enam-Renji sequence, finer units
could be established in Laisong Formation
(Polysphaen'dium subtile Cenozone and Todisporites
major Cenozone) and Bhuban Formation (Striatn"letes

-
no. 840\ coordinates 48.4 X 93.5.

15 Polypodiaceaesporiles leniarus Sah & Duna; Slide no. 8411,
coordinates 49.5 X 98.8.

16. PinuspoDeniles foveola Ius Rao; Slide no. 8999, coordinates 60.8 X

102.8.
17. Todispan'les minor Couper; Slide no. 9029. coordinates 703 X

102.5.
18. Polypodiaceaespariles chanerjii Kar; Slide no. 9041, coordinates

74.7 X 102.5.

Malayaeaspora COSlala Cenozone

19. Lygodiumsporiles eocenicus Duna & Sah; Slide no. 8736,
coordinates 99.2 X 1057.

20. Couperipoilis ramanzlJamii Rao el at; Slide no. 8742, coordinates
67.4 X 93.1.

21. Lygodiumsporiles donaensis Rao & Singh; slide no. 8408,
coordinates 62.0 X 1033.

22. Couperipoilis donaensis Rao el at; Slide no. 8409, coordinates
37.4 X 105.6

23 A5samiapolleniles sp.; Slide no. 8410, coordinates 66.0 X 1028.
24. Malayaeaspora COSlaia Trivedi el al; Slide no. 8229, coordinates

609 X 105.6.
25. Birel/Sporiles megha/ayaensis Rao & Singh; Slide no. 8413,

coordinates 43.5 X 104.5.
26. Sunnaspora sinuosa Singh & Rao; Slide no. 8228, coordinates

69.5 X 118.8.
27. Foveolrileles sp.; Slide no. 9036, coordinates 57.0 X 100.5.
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sinuosus Cenozone, Pinuspollenites foveolatus Cenoz~:)Oe

and pan of Malayaeaspora costata Cenozone). It is
hoped that future palynological studies on Oligocene
Miocene sediments of this region may prove the lateral
persistence of these cenozones and may funher split
them into subzones for more precise demarcation of the
stratal units and finer biOstratigraphie zonation.
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Glossopteris shailae, a new fossil leaf from Upper
Permian (Raniganj Formation) of India

Usha Bajpai

Bajpai, Usha (1987). Glossopteris shailae, a new fossil leaf from Upper Permian (Raniganj Formation) of India.
Palaeobotanist 35 (2) : 159·164.

A new species of Glossopteris, i.e. G. Sbailae is reported from the Kumarpur Sandstone (Raniganj Formation), West
Bengal. Morphologically the leaf is characterised by an evanescent midrib. The cuticular Structure of the leaf is also different
from those of known species of the genus Glossopteris.

Key-words-Morphology, Fossil leaf, Glossopteris, Upper Permian (India)

Usha Bajpai, Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226007, India.
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THE Kumarpur Sandstone Member, the highest
lithological unit of the Raniganj Formation, is very poor
in shales and coal. Only one coal seam is reported from
the base of this member. This seam outcrops in the
Nonia NaJa Section about 200 m upstream from the
Technical College Bridge. A few pits have been dug here
by local people to take out coal. The coal seam contains
fragments of limonitic wood while the overlying grey
shale contains an almost pure assemblage of leaves
belonging to a Glossopteris species. Many of the
specimens have a satisfactorily preserved carbonified
crust. These leaves form the subject matter of this paper.

Material comprises more than 100 leaf compressions
on a grey carbonaceous shale. The carbonified crust was
processed by the usual nitric acid potassium hydrOXide
method for cuticles. For comparison and identification of
the species, all available literature on Glossopteris leaves
from the Raniganj Formation was consulted, particularly
FeistrnanteI (1880), Arber (1905), Srivastava (1957),
Maheshwari (1965), Pant and Gupta (1968, 1971) and
Chandra and Surange (1971).

DESCRIPIlON

More than 100 specimens referable to this species
were collected from the Kumarpur Sandstone Member.
However, most of the specimens are incomplete, though
almost all have a carbonified crust preserved. For
detailed investigation, therefore, only a dozen complete
or almost complete specimens were selected, both for
morphographical and epidermal studies. The leaves are
simple, lanceolate to broad-lanceolate in shape, being
widest in the middle region and tapering both towards
the base and the apex. The apices of the leaves are
obtuse or broadly rounded and the bases are attenuate;
there being no sign of a petiole. The leaf margins are
entire. The complete leaves measure 7-15 cm in length
and 2-4 em in width at the widest. A flat, 0.1-0.4 cm wide
midrib runs through the leaf for about 2/3rd of its length
and gradually becomes evanescent in the LIpper 1/3rd
part. The midrib is characterised by longitudinally
running striations the space between which in the lower
half is dotted with more or less circular depressions. The

159
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Text.fig. l-l~lO[o·tracing of the holotype showing venation

Specimen no. BSIP 35786. X ca 1.3

midrib gives rise to secondary veins which apparently
originated in the'longitudinal striations of the midrib.
Angle of emergence of secondary veins varies between
20· -35· After emergence the veins run straight for a
short distance and then take a graceful curve and run
straight to the leaf margin meeting it at an angle of 50· 
55· Vein density ranges 8-14 per centimeter near the
midrib and 16-26 per centimeter near the margin. During
their course to the margin the secondary veins
dichotomise and anastomose a number of times forming
narrow elongate meshes. The vein dichotomies are
mostly of gamma ('Y) type and the anastomoses are of
lambda (,\) type.

The carbonified crust, on acid-alkali processing,
yields rather fragile hypostomatic cuticles. The upper
cuticle is relatively thick; the vein and mesh areas are
clearly decipherable. The cells over the veins are longish
rectangular, arranged end to end in 2-4 linear rows and
measure 62-120 J.Lm long X 25-43 J.Lm wide. Cells in
between the veins are polygonal, isodiametric or aniso
diametric in shape and measure 55-107 X 24-49 J.Lm in
diameter. Very rarely the cells are squarish. The cells over
the lower surface are also similar in shape and
arrangement. The cell walls, lateral-as well as er'ld-walls,
are relatively thin. Stomata are anomocytic, sunkeo,
irregularly distributed and oriented in the mesh areas
and are completely absent over the veins. The sunken
thin-walled guard cells enclose a linear slit and measure
43 X 19 J.Lm. The subsidiary cells are unspecialized, 5
(rarely 4 or 6) in number and form a definite ring
demarcating the stomatal apparatus from the ordinary
epidermal cells.

COMPARISON AND REMARKS

The midrib of the leaves, though flat and rather low,
IS easily identifiable through its longitudinally running
striations and nonstomatiferous, thick-walled, squarish,
end-to-end arranged cells. This fact along with the
formation of meshes by the veins places the leaves in the
genus Glossopteris. In having narrow elongate meshes the
species compares favourably with Glossopteris communis,
G. decipiens, G. indica; the closest resemblance being
with G. decipiens in the evanescent nature of the midrib.
Pant and Gupta (1968) have described morphologically
more or less similar leaves under a number of specific
epithets based on variations in the characters of the
epidermis. Of the 8 species recorded by Pant and Gupta
(1%8), G. waltonit; G. harissit; G. tenuifolia and G.
zeiUeri differ in having wavy epidermal cells. The leaf of
G. petiolata has a distinct petiole and the cells over the
veins and the subsidiary cells have papillae. Some of the
epidermal cells in G. brongniartii and G. varia are also
papillate. G. vulgaris though morphologically very close,
differs in being amphistomatic. G. communis differs in
being almost spathulate in shape and in having a very
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Text-figs 2,3-PhOlo·tracing of leaves showing the evanescent midrib
in the upper region. Specimen no. BSIP 3578R and 35789. x ca 1.3
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Text-fig. 4-Photo·tracing of basal pan of a leaf. Specimen no. BSI!'
35790. X ca 13.

delicate stomatiferous cuticle. None of the species
reported by Pant and Gupta (1971) are comparable.

In view of the characteristic features of the
investigated specimens and the differences from the

-
PLATE 1

GIossOplerls shailae sp. nov.

1. Holotype. Specimen no. BSIP 35786. X 1.
2. Leaf specimen no. BSIP 35787. X 1.5.
3. Upper cuticle of the leaf from the holOtype showing epidermal cells.

Slide no. BSIP 35786·1. X 100.

Text-fig. 5-Lower cuticle from the holotype. Slide no BSIP
35786·1. X 425

known comparable forms as enumerated above, the
Kumarpur leaves have been given a new specific epithet,
viz., Glossopteris shailae in honour of Dr Mrs Shaila
Chandra, co-author of a monograph on the genus
Glossopteris.

It is interesting to note that virtually all the leaf
specimens collected from the Kumarpur Sandstone
Member belong to a Single species G. shailae as do the
wood (Araucarioxylon kumarpurensis Bajpai & Singh,
1986) and megaspores (Noniasporites harissii
Maheshwari & Bajpai, 1984). Arberiella type of sporangia
(with striate-bisaccate pollen) have also been observed
in the bulk macerates.

Glossopteris shailae sp. nov.

Diagnosis-Leaf simple; lanceolate to broad
lanceolate, apex obtuse or broadly rounded, base
attenuate, margin entire. Length 7-15 em, width 2·4 em,
midrib 0.1·0.4 em wide, evanescent in upper part, with
number of circular depressions allover, angle of
emergence of secondary veins 20 0 -35 0, vein dichotomies
gamma type, anastomoses lambda type. Epidermis
hypostomatic, upper cuticle relatively thick, stomata
irregularly distributed and oriented.

4 Lower cuticle of leaf from the holorype showing a stomata SWTOUO'

ded by 5 subsidiary cells. Slide no. BSIP 35786·1. X 425.
5 Lower cuticle of leaf showing irregularly distributed and oriented

stomata Slide no. BSIP 35786·1. X 425.
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.HoIoOPe-Specimen no. BSIP 35786, Museum of
Birbal Sahni Institute of Palaeobotany; Upper Permian,
Raniganj Formation, Kumarpur Sandstone Member,
Nonia Nala Section near Asansol, West Bengal.
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Fossil wood of Grnelina Linn. (Verbenaceae) from the
Deccan Intertrappean beds of Nawargaon with comments on

the nomenclature of Tertiary woods
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Bande, Mohan B. (1987). Fossil wood of Gmelina linn. (Verbenaceae) from the Deccan Intertrappean beds of
Nawargaon with comments on the nomenclature of TeniaI)' fossil woods. Palaeobotanist 35 (2) : 165-170.

A fossil dicotyledonous wood collected from the Deccan Intertrapean beds of Nawargaon, District Wardha, Maharashtra
has been described. It has been assigned to the extant genus Grnelina linn. ofVerbenaceae and has been described as a new
species Gmelina tertiara. This is the first authentic record of the fumily Verbenaceae from the Deccan Intertrappean beds,
which extends the antiquity of this family to the Palaeogene in the Indian Subcontinent. The problem of the nomenclature of
Tertiary fossil woods has also been discussed.

Key-words-Xylotomy, Grne/ina, Verbenaceae, Deccan Intertrappean beds, Palaeogene (India).

Mohan B. Bamie, Birbal Salmi Institute of Palaeobotany, 53 University Road. Luclmow 226007, India.
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ALTI-IOUGH the occurrence of fossil plants in the Deccan to the coastal branched palm Hyphaene. It is interesting
Intertrappean beds around Nawargaon (Wardha Distria, to note that a fossil fruit shOWing a close similarity with
Maharashtra) was reported as early as 1916 by Haines the fruits of this genus has also been described from the
(Shukla, 1946, p. 106), till about a decade ago only a few Deccan Intertrappean beds of Mandla Distria, Madhya
of them were described in detail. Shukla (1941) first Pradesh by Bande, Prakash and Ambwani (1982). Besides
recorded a fossil palm, Palmoxylon nawargaoensis from Aristolochioxylon prakashii, described by Kulkarni and
near Nawargaon and later on described one more Patil (1977b), the dicotyledonous plants so far described
species of Palmoxylon, P. sclerodermum Sahni from from these beds consist of fossil woods comparable to
these beds (Shukla, 1946). sahni (1%4) also described a the modem genera Evodia, Amoora, Aeschynomene,
species of Palmoxylon, P. intertrappeum from the same Sonneratia, Ardisia, Heterophragma and PhyUanthus of
area. The interest in the study of fossil plants of this the families Rutaceae, Meliaceae, Leguminosae,
region was revived after a gap of many years with the Sonneratiaceae, Myrsinaceae, Bignonia<;:eae and
finding of a fossil wood comparable with the modem EuphorlJiaceae respeaively (Shete & KuliGlmi, 1982;
wood of Aristolochia by Kulkarni and Patil (1977b). Bande & Prakash, 1984; Prakash, Bande & lalitha, 1986).
Prakash and Ambwani (1980) and Ambwani (1981) All the plant fossils so far described from this area have
described two more species of Palmoxylon from these been listed in Table 1 and to this list one more fossil
beds of which one has been said to possess affinities wood is being added through this paper. It has been
with the modem genus Livistona Similarly, Kulkarni and assigned to the modem genus Gmelina ofVerlJenaceae.
Patil (1977a) and Shete and Kulkarni (1980) have also The occurrence of such a variety of fonns from these
described two palm peduncles Palmocaulon beds indicates that further work on the fossil flora of this
costapalmatum and P. hyphaeneoides from these beds of area would be of great help in dealing with the problems
which affinities of the second species have been traced of palaeovegetation, palaeoclimate, p:J.1aeogeography, etc.
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Table I-Fossil plants so far descri1M:d from the Deccan Inter
trappean 1M:ds of Nawargaon and nearby area

the rank of species is a Single specimen or other
element. If it is possible to have as the type of an extant
species only pan of an entire plant, as indicated by the
word elC'ment, then why fossil (almost invariably
detached organs) cannot be assigned to modem genera
is unclear."*

Lakhanpal and Prakash (1980, p. 202) have funher
mentioned that there is a general aversion, especially on

Amoora rohituka Bande & Prakash, 1984
& A waUichii

Ardisia involucrata Shete & Kulkarni, 1982
& A panicu!ata

Bande & Prakash, 1984

Reference

Shukla, 1941

Shukla, 1946
Sahni, 1964
Prakash & Ambwani, 1980
Ambwani, 1981
Kulkarni & Patil, 1977a

Shete & Kulkarni, 1982

Shete & Kulkarni, 1980

Shete & Kulkarni. 1982

Bande & Prakash, 1984

Prakash, Bande &
J..Il ilha , 1986

Kulkarni & Patil, 1977b

Shete & Kulkarni, 1982

Shete & Kulkarni, 1982

Comparable living
Taxa

HJPhaene

Palrnae
Palmae
Livistona
Palmae
Palmae

Palmae

Heterophragma
adenophyUum

RUTACEAE
Evodinium indicum Evodia

roxburghiana

Fossil Species

E. intertrappeum

LEGUMINOSAE
Aeschynomenoxylon Aeschynomene

nawargaoensis indica

BIGNONlACEAE
Heterophragmoxy

Ion indicum

MEUACEAE
Amooroxylon

deccanensis

EUPHORBlACEAE
Paraphyllantho· Phyllanthus
xylon paiaeoem- emblica
blica

MYRSINAC'EAE
Ardisimylon .

indicum

PAlMAE
Palmoxylon

nawargaoensis
P sclerodermum
P inte11rappeum
P livistonoides
P arviensis
Palmocaulon

costapalmatum
P hyphaeneoides

VERBENACEAE
Gmelina tertiara Gmelina arborea
sp_ nov.

ARISTOLOCHlACEAE
Aristolochioxylon Aristolochia sp.
prakashii

SONNERAT1ACEAE
Sonneralioxylon Sonneratia sp.

nawargaoensis
5 caeseolarioides Sonneratia

caeseolaria

in central India during the Deccan Intenrappean period.
Nawargaon (20'1' and 78°35' E) is a small forest

village approachable from Wardha via Paunar, Sailu and
Bordam. The Deccan Intenrappean beds are exposed on
both the sides of the forest road which joins the villages
Nawargaon and Sindhi Vihira. The fossil woods occur as
stray pieces in the fields all along this road and also on
slopes of the hills near the villages Nawargaon and
Mara~sur (Sande & Prakash, 1984, Maps 1, 2). The wood
which is described here was collected from the base of
one such hillock. However, before it is described in
detail, the problem of the nomenclature of Teniary' fossil
woods is discussed in detail.

Nomenclature-The nomenclature of fossil woods,
especially Teniary onwards, has always remained a
matter of personal choice and also controversy Although
different authors have used different names for
describing them, the most common practice (followed
by the present author also till recently) is to describe
them under a new generic nan1e coined by adding the
ending mylon or inium to the name of the nearest
modem genus or the family. Sometimes they are also
named after their rock formation or age. However, in the
past few years the use of modem generic names without
the ending-mylon has become quite common when the
generic affinities of the fossil wood are considered
certain. This practice has been opposed by many workers
and some of them have even gone to the extent of
systematically adding the ending-o.:rylon to the names of
those fossil woods described under modem generic
names. This problem has been dealt with in great detail
by Llkhanpal and Prakash (1980) and the salient points
of their discussion as well as conclusions are
summarised here for ready reference and also to explain
the present author's shift from describing a fossil wood
under a generic name ending with-oxylon to describing
it under modem genus.

The mail"' argument raised against describing a fossil
wood as a species of a modem genus is that it is not
possible to designate a fossil wood as a new species of
an extant genus because the types of extant genera are
entire plants; in the generic diagnosis (of the extant
genera) no data about the wood structure ar~ to be
found. Therefore, one cannOt place any species whose
holotype is a wood in an extant genus. Whenever no
connection with other organs can be demonstrated, a
detached organ of a fossil plant can only be placed as a
species of an organ genus, which frequently will have the
Lilafacters of a form genus (Llkhanpal & Prakash, 1980,
p. 201).

Llkhanpal and Prakash (1980, p. 202) have replied
to these objections by quoting the observations made by
Matten et aL (1977, p. 207) that....

"There does not appear to be anything in the 1972
International Code of Botanical Nomenclature which
justifies such an approach to assigning names. According
to the Anicle 9, the type of a species or a taxon below
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Text-fig. 1 - Cime/ina tertiara : Cross section shOWing vessels in radial

pairs, parauaeheaJ vasicentric to aliform parenchyma and xylem
rays. x 85; Slide no. B.5.I.P. 35770/1.

the part of taxonomists dealing with living plams to
accept species based on fossil material as belonging to
extant genera. At the same time it is common knowledge
that almost all plants of the Quaternary and most species
of the uue Tertial)' are structurally identical with extant
plants even while only their dispersed organs are
compared. W'hy they should not be included in the same
genera, when the basis of identification is primarily
morphological comparison? If fossil plants are
deliberately kept apart from the living, it would be
impossible to trace the appearance, distribution and
evolution of modem taxa in the geological time, thus
defeating the main objects of the study of fossil plants.
They have, therefore, advocated that whenever there is a
close similarity between the structure of a fossil (dicm
woods included) with that of a modem genus, it should
be asSigned to the later**

Before the present author was fully convinced about
the above suggestion an a~ument which still remained
unexplained was that before describing a fossil wood as
a new species of a modem genus one must be sure that
it differs from all the known species of the genus in its
wood anatomy. However, it is usually a rare chance that
all the modem species of a genus are available for
comparison with the fossil. Further, these species may
nor be se~arable from each other on the basis of wood
anatomy alone. How far, then, will it be justified to
describe a fossil as a new species of a modem genus? By
putting it under a different genus, Le. byadding-axy/on
we can avoid this mistake. The point was raised by the
present author in a personal discussion with Dr
Lakhanpal to which his reply was "by trying to avoid the
mistake of creating a wrong species you are committing a
bigger mistake of describing your fossil under a new
genus!"

°This statement holds true also with the 1983 edition of the
International Code of Botanical Nomenclature, Sydney.

OOlt is worth to quote here article 13.3 of the code (1983 edn.) which
says that whether a name applies to a taxon of fossil plants or of recent
plants is decided by reference to the specimen that serves directly or
indirectly as its nomenclatural type.

Another discrepancy pOinted out by Lakhanpal and
Prakash 0980, p. 203) is that though some advocates of
compulsory organ genera say that they add oxylon to the
name of the modem genus because they are sceptical
about the generic identity of the fossil wood found
detached from its parent plant, yet when they make
palaeoecological deductions from these taxa, they tend
to regard them in terms of their comparable modem
genera. This sounds rather paradoxical. They make new
organ genera by adding axy/on to the comparable extant
genera and they derive ecological inferences on the basis
of these extant genera, thus all the time admitting the
affinity of the fossil with them. Why not describe these
fossils as species of such extant genera where the
structural similarity is definite? W'hy be afraid of a
possible mistake in identification? A great advantage of
the above proposal is that if such reference of a fossil
wood to a modem genus is subsequently found to be
erroneous, it can easily be transferred to another more
appropriate modem genus, for which the International
Code provides suitable rules. On the other hand, a fossil
dicm wood referred to a new organ genus cannot be
transferred to another organ genus even if its affinities
are changed, warranting a change in the name, because
Article 62 of the International Code of Botanical
Nomenclature prohibits such a change. It says: "A
legitimate name or epithet must not be rejected merely
because it is inappropriate or disagreeable, or because
another is preferable or better known, or because it has
lost its original meaning". For example, the fossil wood
of Hopeaxy/on indicum Navale (1%3), originally thought
to be a wood of Hopea of the family Oipterocarpaceae,
has now been found to belong to the genus Sindora of
Leguminosae (Awasthi, 1977). As we are not allowed to
change the name of the genotype even if its affinities are
changed, we would always be using the name
Hopeaxy/on for the fossil wood of Sindora thus creating
a lot of confusion. In the preamble of the International
Code of Botanical Nomenclature it is said that 'This code
aims at the provision of a stable method of naming
taxonomic groups, avoiding and rejecting the use of
names which may cause error or ambiguity or throw
science into confusion". Seeing the above example, the
use of modem generic name in this ease would
definitely have avoided the confusion created by the
forced organ genera.

Lastly, quoting Lakhanpal and Prakash 0980, p. 203)
again, : let us consider the proposition of Muller-Stoll &
Madel 0%7) that a detached organ of a fossil plant can
only be placed as a species of an organ genus because of
the uncertainty of its representing one natural species or·
several. For this it must be admitted that the species ,of
fossil woods or any other fossil organs referred to extant
genera are species in a restricted sense, which may be
termed as organ species. These organ species do not
have the circumscription comparable with that of natural
species. An organ species might vel)' well include fossils
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representing several natural species if the whole plants
were known or it may have been produced by one
extinct species of the genus living in tfle geological past.
This understanding and recognition of the fact that the
fossil species of a modem genus are organ species
provides a reasonable solution to this issue. Thus, in
agreement with the suggestions made by lakhanpaI and
Prakash (1980, p. 204), the present author is also of the
view that:

1. In those cases where anatomical details of fossil
dicot woods are well preserved and it is possible to
assign them to modem genera based on comparative
studies of authentic modem woods, the fossil woods
should be given modem generic names without adding
the suffix oxylon.

2. In such cases where twO or more modem genera
of a family are anatOmically indistinguishable and it
becomes impossible to assign a fossil wood to anyone
of them, an organ genus with the suffIx oxylon is
preferrecl. The ending oxylon should be added to any
one of the modem genera, preferably following the
alphabetical priority.

3. In cases where a fossil wood is anatomically very
similar to the mature wood of a modem genus and other
structurally similar representatives but not identical to
any of them then an organ genus should be coined by
adding the suffix oxylon and the prefix para to the name
of the modem genus shOWing closest similarity to the
fossil wood.

4. In instances when it is only possible to identify
fossil woods to the family or some other suprageneric
level, the addition of oxylon to the flamily or other
relevant name is preferable and should be done with the
addition of oxylon to the ending ·ceae, -eae, -oideae, 
inae, etc. (e.g. Betulaceoxylon, Combretaceoxylon).

5. When the wood anatomy is not uniform in a
particular family the designation of the fossil woods after
the family names is incorrect; attempts should be made
to identify the fossil wood to the level of the sub-family,
tribe or sub-tribe, which may be anatomically
homogeneous and the name should be coined only after
such an appropriate group.

6. Attempts to create new genera of
morphologically similar woods only on stratigraphical
grounds should be avoided.

7. In cases where it is not possible to identify fossil
woods even up to family level due to bad preservation or
lack of sufficient information then instead of naming it
after the names of palaeobotanists, fnssil localities or
rock formations, etc. it is advisable to put (hem under the
non·committal form genus Dryoxylon Schleiden (in
Schmid, 1855) till their better preserved specimens are
found or more information is av.lilable to determine
their genus or family.

Genus- Gmeltna UnD.

Gmelina tertiara sp. nov.

Topography- Wood diffuse porous. Growth rings

indistinct., Vessels small to large, solitary and in radial
multiples of 2-3, small clusters and in short tangential
rows (PI. 1, figs 1, 2), somewhat unevenly distributed, 8
15 per sq mm; tyloses present. Parenchyma paratracheal
forming 1-2 seriate sheath around the vessels which may
extend laterally to form thin wings of aliform to aliform
cOf.lf]uent parenchyma (PI. 1, figs 1,2). Xylem rays fine to
moderately broad, closely spaced, 10-13 per mm, weakly
heterogeneous, made up of mostly procumbent cells
with 1-2 upright cells at the ends or on the margins, 1-4
seriate (uniseriates rare) or 16-50 J.Lm in width and 4-35
cells or 80-950 J.Lm in height (PI. 1, figs 3, 4). Fibres
arranged in radial rows in between the rays (PI. 1, fig. 2).

Elements- Vessels circular to elliptical when solitary,
with flat contact walls when in groups; t.d. 50-180 J.Lm,
r.d. 80-250 J.Lm; vessel members 200-350 J.Lm in length
with oblique ends; perforations simple; intervessel pit
pairs bordered, alternate, polygonal with lenticular
aperrures, 8-10 J.Lm in diameter (PI. 1, fig. 6).
Parenchyma cells thin walled, 15·20 J.Lm in width and 40
70 J.Lm in length. Ray cells thin-walled, procumbent cells
15-20 J.Lm in tangential height and 40-60 J.Lm in radial
length; upright cells 15·20 J.Lm in radial length and 40-60
J.Lm in tangential height. Fibres polygonal in cross
section, semi-libriform with big lumen, septate, 10-25 J.Lm
in diameter and 400·600 J.Lm in length.

Affinities-Important structural features of the
present fossil such as small to large vessels with Simple
perforations and alternate bordered pits, paratracheal
vasicentric to aliform to aliform-confluent parenchyma, 1
4 seriate weakly heterogeneous xylem rays and septate
fibres clearly indicate its affInities to the family
Verbenaceae (Metcalfe & Chalk, 1950, pp. 1031-1041;
Pearson & Brown, 1932, pp. 781-812; Kribs, 1959, pp.
160-162). Amongst the various genera of this family the
fossil shows a close similarity to the woods of Gmelina
Unn. Wood slides of four species of this genus, viz.,
Gmelina eillptica, G. fasiciculljlora, G. hainensis, and G.
arborea were av.lilable for study besides the the
published description and photographs of Gmelina
arborea (Pearson & Brown, 1932, pp. 798-803; Kribs,
1959, p. 160; Normand, 1960). The study indicates that
the fossil is nearest in its anatomical details to the extant
species G. arborea. The similarities can be observed in
the shape, size and distribution of vessels, perforation
plates and intervessel pit-pairs, distribution of
parenchyma, structure of the xylem rays and fibres The
Isi'udy also indicated that there is some variation in
anatomical details amongst different wood samples of
the extant species, especially in the distribution of
vessels. Thus while in some cases the wood is diffuse
porous, in some it is semi-ring-porous and in others it is
even ring-porous. Similarly, in some cases the smaller
vessels are arranged in the form of tangential rOWS at the
beginning of the growth ring and aliform-confluent
parenchyma of these vessels looks like terminal
parenchyma. Under the circumstances the fossil has been
assigned to the extant genus Gmelina Unn. and has been
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PLATE 1

Gmelina tertiara sp, nov,

1. Cross section showing shape, size and distribution of vessels,
xylem rays and parenchyma. X 35; Slide no. 8.S.J.P. 35770/1.

2. Cross seaion enlarged to show vessels in radial pairs, paratracheal
parenchyma, xylem rays and semilibriform fibres. X 85; Slide
no. 8.S.I.P. 35770/1.

3, 4. Tangential longitudinal section showing 1·4 seriate, weakly
heterogeneous xylem rays and septate fibres. X 85; Slide no.
8.S.I.P 35770/2.

5. Radial longitudinal seaion. X 85, Slide no. 8.S.J.P. 35770/3.
6. Intervessel pit pairs. X 340. Slide no. 8.S.J.P. 35770/2.



170 TI-IE PAlAEOBOTANIST

described as a new species Gmelina tertiara indicating
its age.

Ingle (1972) had described a fossil wood said to
possess affinities to the genus Vitex of Verbenaceae from
the Deccan Intertrappean beds of Mandla District,
Madhya Pradesh. However, the identification of this fossil
ha,s already been doubted by Prakash (1974) and thus,
the present finding becomes the first authentic record of
this family from the Deccan Intertrappean beds and
extends its antiquity in India to the Palaeogene. The
family Verbenaceae consists of about 75 genera almost
all of which are tropical and subtropical in distribution.
The genus Gme/ina Unn. consists about 35 species, two
of which occur in tropical Africa and the rest in East Asia,
Indomalaya and Australia (Willis, 1973). In India the
genus is represented by five species. Gme/ina arborea to
which the fossil bears nearest affinities is a moderate to
large deciduous tree found throughout the deciduous
and moist deciduous forests of India and Bunna, in all
Provinces, but nowhere common and very scarce in Uttar
Pradesh and Punjab (Pearson & Brown, 1932, p. 799).

SPECIFIC DIAGNOSIS

Gmelina tertiara sp. nov.

Wood diffuse·porous. Growth rings indistinct. Vessels
small to large, t.d. 50·180 t-tm, r.d. 80-250 t-tm, solitary and
in radial multiples of 2·3, small clusters and in short
tangential rows, 8·15 per sq mm; perforations simple;
intervessel pit'pairs bordered, alternate, polygonal with
lenticular apertures, 8·10 t-tm in diameter. Parenchyma
paratracheal, 1·2 seriate, vasicentric to aliform to
confluent. Xylem rays 1·4 seriate, weakly heterogeneous,
up to 35 cells in height. Fibres semilibriform, septate.

H%type-B.S.I.P. Museum no. 35770; Deccan
Intertrappean beds; ?Palaeocene.
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Neocouperipollis-A new name for Couperipollis
Venkatachala & Kar

R. K. Kar & Madhav Kumar

Kar, R. K & Kumar, Madhav (1986). NeocouperipoU~A new name for Couperipollis. Palaeoboranisl, 35 (2): 17]-174.

venkatachala and Kar instiruted CoupenpoUis in 1%9 selecting MonosuJcites perspinosus Couper (1953) as the type
species. Couper did not provide photOgraph for this species but instead gave a line drawing showing oval shape, well·
developed colpus and spines with bulbous base and poinred tip. uuer workers could not locate this or any other specimen
from the slides made by Couper as per his diagram. Location of a pollen as per illustration of Couper from other localities of
the same formation was also not fruitful and only polyporare forms comparable to extant Asteraceae or Malvaceae could be
found CouperipoUis recorded from Palaeocene· Eocene of lndia are monocoJpate and spinose and are not relared to

Asteraceae or Malvaceae, so a new genus, ,~z., NeocoupenpoUis is proposed here to accommodate them.
Key-words-Palynology, Neocoupenpollis, Palaeocene·Eocene, India.

g K Kar & Madhau Kumar, Birbal Sahni Institute of Palaeobotany, .53 Uniuersity goad, Lucknow 226007, India.
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MONOCOLPATE spinose pollen recovered from a bore
core sample represeming the Lower Eocene, (Naredi
Formation), in Kutch formed the basis for the
designation of Couperipollis by Venkatachala and Kar
(1969). Comparable pollen had earlier been recorded by
Couper (1953) from Lower Maxwell Formation of
Pliocene ag"\ New Zealand. Venkatachala and Kar (1%9)
instituted Couperipollis with the following diagnosis:
"Pollen grains subcircular, oval or elliptical in shape.
Monosulcate, sulcus well developed, mostly extending
from one margin to other. Exine omamemed with
verrucae, bacula and spines". Coupenpollis perspinosus
(Couper) Venkatachala & Kar was chosen by them as the
rype species. A detailed study of CouperipoUis was made
by Thani!<aimoni, Caratini, Venkatachala, Ramanujam and
Kar (1984) while preparing the atlas of "Selected Tertiary

angiosperm pollens from India and their relationship
with African Tertiary pollens". This note stems out from
deliberations of this workshop.

Saxena (1980) recorded Coupenpollis from
Palae'ex:ene while Venkatachala and Kar (1969) and sah
and Kar (1970) recovered them from Eocene of Kutch.
Sah and Durta (1966, 1968), Durta and Sah (1970), Singh
and Singh (1978) proposed several species of this genus
from the Palaeocene of Meghalaya. Sah and Kar (1974)
recorded the genus from Eocene of Rajasthan while
Baksi and Deb .(1981) recorded the genus from the
Eocene sediments of BengaL

Erdtman (1947) proposed Monosulcites for
laevigate, monocolpate pollen but Couper (1953)
emended this genus to include free, anisopolar, bilateral
monosulcate pollen with elongate to subcircular shape
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and with variable exine thickness and sculpture.
This emendation of Monosulcites by Couper (1953)

was not considered tenable because both the laevigate
and spinose monocolpate forms are classed together. To
circumvent this heterogeneity, Venkatachala and Kar
(1969) erected a new genus Couperipollis with
Monosulcites perspinosus (Couper) as the basionym of
the type species C perspinosus (Couper) Venkatachala &
Kar. The type locality of Monosulcites perspinosus is
Nukumaru beach, near Wangaui, Lower Maxwell
Formation of Pliocene age. According to Couper (1953),
the type specimen of M. perspinosus is L 43 but
according to Norris (1962) and Pocknall and Mildenhall
( 1984) subsequent search in the type slide and other
preparations made by Couper has not resulted into
finding of the type specimen. The only spinose pollen
that could be seen in the preparations are pollen
comparable to extant Asteraceae or Malvaceae. Pocknall
and Mildenhall (1984) remark that no original
unprocessed material of Couper's collection remains and
the sea has swallowed the exposures from where he
originally collected the samples. While instituting the
species, Couper (1953) did not illustrate his taxon with a
photograph but instead provided a line drawing
depicting the oval shape, well-developed colpus and
spines with bulbous base and pointed tip. .

Location of a pollen as per illustration of Couper
from other localities, in the opinion of Pocknall and
Mildenhall (1984), was .also not fruitful. So they
concluded that Couper's Monosulcites perspinosus could
at best be a folded specimen with Malvaceae-like spines
in which the pores are probably hidden in the folds. In
such a case, even if M. perspinosus is subsequently
found, Couperipollis then, in the opinion of Pocknall and
Mildenhall (1984), would be a synonym of
Tubulijloridites (Cookson) Potonie, MalvaczpoUis Harris
or Malvace".rumpollis Nagy. They therefore advocate that
the genus CouperipoUis, based on a drawing of a wrongly
diagnosed specimen that no longer exists, should be
abandoned. Abandoning the name of CouperipoUis as
suggested by Pocknall and Mildenhal (1984) alone
would, however, not solve the taxonomic tangle. Some
of the species of Couperipollis described from the Lower
Teniary of India are definitely monocolpate and spinose.
They have no relation to the pollen grains of Asteraceae
or Malvaceae but are closely akin to Arecaceae. These
species are to be suitably accommodated either in an
existing genus or a new one.

Mathur (1966) proposed Echimonocolpites for the
spinose, monocolpate pollen and the hitheno known
various species of Couperipollis should normally be
placed within it. However, Echimonocolpites Mathur
(1966) is a junior synonym of Echimonocolpites van del'
Hammen & de Mutis (1965). Prior to the proposition of
Echimonocolpites, van del' Hammen (1954) originally
instituted Monocolpites for similar type of pollen and in

1956 he selected the pollen of Orthrosanthus multlforus
Sweet an extant pollen as the lectotype for the genus.
Since this species has already been named as the type
species of Orthrosanthus Sweet the proposal of van der
Hammen was regarded as invalid. Van del' Hammen and
de Mutis (1965) subsequently proposed
Echimonocolpites-a new genus for those pollen and
selected the type species from a new combination based
on illegitimate Monocolpites rudae. This time, they
however, validated it with a nomenclaturally acceptable
holotype. This treatment is again not in accordance with
the International Code of Botanical Nomenclature
because this new combination does not proVide full and
direct reference to the basionym (Catalog Fossil Spores
Pollen, vol. 34, p. 247). Nicolson (personal
communication with Thanikaimoni) also corroborates
that Echimonocolpites van der Hammen & de Mutis
(1%5) is validly published although the appropriate
combination in Echimonocolpites has not (yet ?) been
valfttated. Since a taxon name once rejected as
illegitimate following the Intemational Code of Botanical
Nomenclature can not be used again for a new
combination except by conservation, Echimonocolpites is
regarded here as invalid.

Arengapollenites Kar (1985) resembles Couperipollis
in monocolpate and spinose disposition but the spines
in ArengapoUenites are closely placed on two margins of
the colpus in alternate fashion so that they interlock the
apenure on invagination. This character is typical to the
extant Arenga pollen and ArengapoOenites was proposed
by Kar (1985) to accommodate dispersed fossil pollen
comparable to Arenga. In CoupenPO/Jis, the spines are
not arranged in any special manner in apenural region
and thus is easily distinguished from ArengapolJenites Kar
(1985).

P,.s there is no suitable genus which could
accommodate some of the species described under
Couperipollis-a new name, viz., Neocouperipollis is
proposed here \Vith the following generic diagnosis
made after an indepth study by Thanikaimoni, Caratini,
Venkatachala, Ramanujam and Kar (1984).

Genus- NeocouperlpolUs gen. nov.

Type Species-NeoCQuperipollis (Couperipollis)
kutchensis (Venkatachala & Kar) comb. nov.

DiagnosiY-Pollen grains more or less elliptical in
polar view, monosulcate, echinate, sulcus extending
from one end to the other along the longest axis, spines
pointed with nexinal thickening at the base, exine more
or less smooth between the spines.

Neocouperipo/Jis (Couperipo/Jis) kutchensis
(VenkatachaIa & Kar) comb. nov.

1969 Coupenpo/Jis kutchensis Venkatachala & Kar,
p. 161, pI. 1, figs. 15-16.
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Figures 1, 2, S-Neocouperlpo/lis kUlchensi5 (Venkatachala & Kar) comb. nov. : 1, 5, HoiOlype, fig. 1 magnified ro ca. X 1000 and fig. 5 ca X 2000
NOle the colpus in the middle region. Fig. 2 magnified to ca X 1000.

Figure 3-Neocouperlpo/lis kUlchensi5 (Venkatachala & Kar) comb. nov. magnified to ca. X 1000 NOle the spines wirh bulbous base and [X>imed
rip.

Figure 4-SEM phOlograph of Neocouperlpo/lis kutchensis (Venkatachala & Kar) comb. nov

Emended Diagnosis-Pollen grains more or less
subcircular to oval in shape, 35·65 x 30-60 J.(m.
Monosulcate, exine spinose, spines strongly built with
bulbous base and pointed tip, interspinal space more or
less laevigate to granulose.

HOIot)Pe-Venkatachala and Kar, 1%9, pI. 1, fig. 16,
size 50 X 48 J.(m, slide no. 3315, V 34 (England Finder
reading).

Remarks-Venkatachala and Kar (1%9) mentioned
the slide number of the holorype as 3314. However, the
COrrect number of the slide is 3315.

Type Locality-Bare·hole core no. 14, Naredi
Formation, Lower Eocene, Kutch.

The following species of Coupenpollis were also
emended by the authors and are here transferred to

Neocouperipollis.

Neocoupenpollis (Couperipollis) achinatus
(Sah & Kar) comb. nov.

Holotype-Sah and Kar, 1970, pI. 1, fig. 8, size. 42 X
30 J.(m, slide no. 3351.

Diagnosis-See Sah and Kar, 1970, pp. 130-131.

Neocoupenpollis (Monosulcites) magnus
(Dutta & Sah) Kar & Kumar, 1986

Neotype-Kar & Kumar (1987), pI. 4, fig. 5, size 74 X

56 J.(m, slide no. 9357, g 34/2.
Diagnosis-See Dutta and Sah, 1970, pp. 28-29_

Neocoupenpollis (Coupenpollis) spinorohustus
(Kar & Kumar) comb. nov.

Holot)Pe-Kar and Kumar (1986), size 65 X 48 J.(m,
slide no 9353, g 48.
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Diagnosis-See Kar and Kumar (986).
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An abnormal megaspore from Lower Permian Coal Measures
near lake Tanganyika, Zaire

Hari K Maheshwari & Usha Bajpai

Maheshw.ui, Hari K. & Bajpai, Usha (1987). An abnormal megaspore from Lower Pennian Coal Measures near lake
Tanganyika, Zaire. Palaeobotanist 35 (2) : 175-177.

An abnonnal megaspore with a tetraradiate mark of cytokinesis is reported from the Lukuga Group of zaire, Central
Africa. The sporodenn of the megaspore shows effects of bio-degradation probably resulting due to bacteria.

Kry-words-Palynology, Megaspore, Bacteria, Biodegradation, Pennian (Zaire).
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lliE Permian Period in Zaire is represented by sediments
of Lukuga Group which qre mostly confined to the
eastern pan and outcrop from Irumu in the nonh-east up
to almost the southern boundary of Katanga. Much work
has been done on the palynostratigraphy of the group;
almost all the formations are rich in microspores and
pollen. However, megaspores have been recovered from
only a few beds of Assise a couches de. houille
represented by Coal Measures near lake Tanganyika,
south of Albenville (Bose & Maheshwari, 1968).

These megaspores are yet to be described and
illustrated. One of the specimens from this assemblage
shows an abnormal feature, that is, tetraradiate lines of
cytokinesis. Though unusual anachment of spores and
pollen in dyads and tetrads is known in a few species,
e.g. Glyptostrobus sp. (Wodehouse, 1935), Selaginella
deflexa Brack (Selling, 1945), S rupestris Spring
(Graustein, 1930), S selaginoides (L) link (Erdtman,
1943), etc., the only repon of an abnormal laesura
known to us is by Devi and Khare (1985) who reponed a
circular laesura in ?ten's vittata L The tetraradiate
megaspore is thus an unique find and is described and
illustrated here.

DESCRIPTION

The megaspore is almost circular in prOXimo-distal
view. The most unusual feature of the megaspore is the
presence of tetraradiate lines of cytokinesis. Instead of
the usual three 'Ietes' the megaspore has four 'Ietes'. All
the 'fetes' are equal in length and do not extend beyond
the 'contact area'. Even though the arcuate ridges are not
seen, the 'contact area' is well demarcated and slightly
raised above the surface of the megaspOre. The exospore
is psilate at the light microscope level. Under the
scanning electron microscope the sporoderm shows
sening in of the biodegradational process.

Sandwiched between the tip of one of the 'letes' and
the sporoderm is an ovoid body with rough surface.
There are two other bodies lying on the sporoderm. One
of the bcx:Jies is built up of irregular and broken ridges
with mini and micro projections. The Other body
comprises a large number of ovoid to spherical
structures, all with micro projections. These probably
represent bacterial attack resulting in biodegradation of
the sporoderm.
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a

Text-fig. I-Presumed sequence of divisions in megaspore mother cell resulting in formation of abnormal megaspore (a).
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DISCUSSION

Pteridophytes regularly produce spores as direct
products of meios. The meioeytes of heterosporous
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The megaspore was .recovered from the SEM stub
and subjected to the differential maceration technique as
outlined by Maheshwari and Bajpai (1984) to know the
nature of mesosporium. However, only fragments of
mesosporium could be recovered and because of this
drawback the specimen could not be identified with the
known megaspore taxa.

>,

PLATE 1

1. Scanning Electron Micrograph of the megaspore showing four
"Ietes" and raised conrad areas. X ISS.

2. A part of the megaspore magnified to shaw the rounded apex
of one of the "Ietes". The reticle marks the presence of an oval
foreign body. X 300.

3. The ponion outlined by the reticle in figure 2 magnified
funher. X 2400.

4. Two foreign bodies lying in the angle between twO "Jetes" X 810.
5, 6. The foreign bodies magnified funher to show their nature and

their biodegradational eft'ea. 5. X 4100; 6. X 7600.
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Fossil woods of Kingiodendron and Bauhinia from the
Namsang beds of Deomali, Arunachal Pradesh

Nilamber Awasthi & Uttam Prakash

Awasthi, Nilamber & Prakash, Unarn (1987). Fossil woods of Kingiodendron and Bauhinfa from the Namsang beds of
Deomali, Arunachal Pradesh. Palaeobotanist 35 (2) : 178-183.

Two fossil woods resembling those of Kingiodendron Harms and Bauhinia linn. of the fumily Leguminosae are
described from the Narnsang beds (Mio-Pliocene) exposed along Narnsang River at Deomali in Arunachal Pradesh. They have
been named as Kingiodendron prepinnatum sp. nov. and Bauhinia deomaJica sp. nov. respectively,

Key-words-Xylotomy, Leguminous woods, Narnsang beds, Mio-Pliocene (lndia).

Nilamber Awasthi & Unam Prakash, BirlJal Sahni Institute of Palaeobotany, 53 University Road, LucJmow 226007,
India.
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IN continuation of our previous studies on the petrified
woods from the Namsang beds which are exposed along
the Namsang River at Deomali (Prakash, 1%5, 1966;
Prakash & Awasthi, 1970, 1971; lakhanpal, Prakash &
Awasthi, 1981), we have further investigated a large
number of woods collected during our field excursions
to this area in 1972, 1975 and 1978. In addition to several
already known taxa, about sixteen new woods have been
recognised. Of these, two have been described here.
They show close resemblance 'With the modem woods of
Kingiodendron and Bauhinia of Leguminosae.

SYSTEMATIC DESCRIPTION

Family-Leguminosae

Genus-Kingtodendrcm Hanns

Kingiodendron prepinnatum sp. nov.

PI. 1, figs 1, 2, 5, 7, 9; PI. 2, fig. 1

Material-Single piece of well preserved
decorticated secondary wood.

Description-Wood diffuse-porous. Growth rings
present, delimited by narrow lines of parenchyma and
narrow zone of thick-walled fibres. Vessels small to
medium and occasionally large, mostly circular to oval or
elliptical due to compression, solitary and in radial
multiples of 2-4, evenly diStributed, up to 250 Ilm in
diameter, 6-12 vessels per sq-rnm; perforations simple;
vessel-members trurtcate, about 150-750 Ilm in length;
intervessel pits medium to large, 6-12 Ilm in diameter,
alternate, vestured, apertures small, linear to lenticular;
tyloses not seen. Parenchyma paratracheal and
apotracheal; paratracheal parenchyma vasicentric,
forming 2-3 cells wide sheath around vessels and
occasionally aliform; apotracheal parenchyma occurring
as fine lines of 2-3 cells in 'Width delimiting the growth
rings and also forming 3-6 cells 'Wide sheath around gum
canals, enclosing 1-3, sometimes up to 5 canals;
parenchyma cells oval to angular, up to 44 Ilm in
diameter. Rays 1-4 (mostly 3) seriate, about 3-18 cells in
height, 7·9 per rnm in cross section; ray tissue
heterogeneous; rays homocellular to heterocellularj
multiseriate rays consisting of procumbent cells and
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sometimes beth procumbent and upright or square cells,
the latter occurring as 1-2 marginal rows at one or both
the ends, upright or square cells 30-60 /-Lm in tangential
height and 24-32 /-Lm in radial length; procumbent cells
16-40 /-Lm in tangential height and 48-160 /-Ltn in radial
length. Fibres polygonal in cross-section, up to 32 /-Lm in
diameter, moderately thick-walled, non-septate. Gum
canals abundant, normal, vertical, occurring singly or in
pairs and sometimes aligned tangentially in small groups
of 3-5, enclosed by 3-6 layers of parenchyma£Ous tissue,
oval, up £0 400 /-Lm in diameter.

Afjinities-The above features of the fossil indicate
that it is a leguminous wood. Presence of normal vertical
gum canals is itS most important character. Among the
legumes such gum canals are known £0 occur in the
secondary woods of CopatJera, Detarium, Eperua,
Sindora, Daniella, Gossweilerodendron, Oxystigma,
Kingiodendron, Pn'oria and Pterygopodium. In the first
four genera the gum canals are in concentric rings while
in the remaining six they are solitary or in pairs and
sometimes in short tangential groups. Since in our fossil
wood the gum canals are solitary or in pairs, it can be
compared with those of the latter six genera. Among
these the wood of Kingiodendron pinnatum Harms
(Syn. Hardwickia pinnata Roxb) shows close
resemblance with our fossil wood. The other genera
differ from it in some important features. In Danie/Jo. the
xylem ,rays, parenchyma strands and vessel-members are
storied (Normand, 1950, pI. 41, p. 109; Henderson,
1955, figs 193, 194, 201; Kribs, 1959, pp. 77-78) and in
Gossweilerodendron the apotracheal parenchyma is also
present in addition £0 vasicentric, aliform and confluent
and the xylem rays are homogeneous (Kribs, 1959, pp.
81-82, fig. 1%). Oxystigma, Priona and Pterygopodium
differ from the present fossil in having relatively higher
frequency of uniseriate rays and the multiseriate rays
often being longer.

Nomenclature-For naming the fossil woods new
genera have generally been created by adding the suffix
"Oxylon" or "inium" to extant genera with which the
fossil woods show resemblance. But some
palaeobotanistS have used the modem generic names as
such £0 designate the fossil woods. Besides, several other
workers have also named the fossil dicotyledonous
woods in various other ways without following any
procedural uniformity. However, this problem was
Critically observed by Lakhanpal and Prakash (1980) who
have given valid suggestions for naming the fossil dicm
woods. One of the suggestions is that in those cases
where ana£Omical details of fossil dicm woods are well
preserved and it is possible to assign them to the
modem genera based on a comparative study of
authentic woods, the fossil should be given modem
generic name without adding suffix "Oxylon". Since our
fossil wood shows close resemblance with that of
Kingiodendron, in accordance with the above

suggestion, it is being placed under the same genus.
Specifically it is named as Kingiodendron prepinnatum
sp. nov. indicating the antiquity of the species
Kingiodendron pinnatum.

Genus-Baublnla Unn.

Bauhinia deomali.ca sp. nov.

PI. 2, figs 2-6

Material-Two pieces of fairly well preserved
silicified secondary wood, measuring 9 X 4 cm and
12 X 8 cm respectively.

Description- Wood diffuse-porous. Growth rings nm
clearly marked. Vessels small £0 mostly medium,
sometimes large, round £0 oval, solitary and in radiaL
mutiples of 2-3, occasionally up £0 6, solitary and bigger
vessels of radial multiples 60-160 /-Lm in tangential
diameter, 160-280 /-Lm in radial diameter, uniformly
distributed; vessel·members truncate, about 160-320 /-Lm
in length, s£Oried; perforations simple; intervessel piLS
medium to large, about 8 /-Lm in diameter, alternate to
oval, vestured, aperture lenticular to circular.
Parenchyma paratracheal, aliform-confluent £0 mostly
banded, completely or partly enclosing the vessels,
alternating with broader bands of fibres; parenchyma
bands about 3-5 cells wide and 4-5 per mm, strands
s£Oried, some divided into several locules, each
containing solitary crystals, cells about 20-40 /-Lm in
diameter. Rays very fine, almost exclUSively uniseriate, 8
12 /-Lm in width and 9-20 cells or 160-280 /-Lm in height,
closely ,spaced, 20-25 per mm, s£Oried; ray tissue
heterogeneous, rays homocellular to heterocellular,
consisting of procumbent cells only or sometimes with a
single row of upright cells at one or both the ends;
upright or square cells 20-24 /-Lm in tangential height, 16
12 /-Lm in radial length, procumbent cells 8-12 /-Lm in
tangential height and 40-140 /-Lm in radial length. Fibres
polygonal in cross section, 10·24 /-Lm in diameter,
thick-walled, non·septate. Ripple marks present due £0

storied arrangement of vessel-members, parenchyma
strands and xylem rays.

Afjinities-The most important features of the fossil
wood are: (i) ripple marks present due £0 storied
arrangement of vessel-members, parenchyma strands and
xylem rays; (ii) parenchyma aliform-confluent to mostly
banded, and (iii) the xylem rays almost exclusively
uniseriate. These features collectively indicate that the
present fossil belongs £0 the family Leguminosae.
Amongst legumes this combination of ana£Omical
features is met with in Bauhinia and £0 some extent in
Dalbergia and Pterocarpus. Although both Dalbergia and
Pterocarpus resemble the fossil in gross features, they
can be differentiated from it in some other significant
characters. In Dalbergia the rays are 1-3 seriate and very
short, their maximum height being up to 12 cells,
whereas in the present fossil the rays are uniseriate with
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occasionally paired cells and 9·20 cells in height. Though
the rays in Pterocarpus are also uniseriate yet they are
comparatively much shoner than in the fossil. Moreover,
the rylosis is absent in both DaJbergia and Pterocarpus.

From a detailed comparison of the fossil woods with
the thin sections and published descriptions and
illustrations of a number of species of Bauhinia Linn.
panicularly those occurring in the Indomalayan region
(Moll & Janssonius, 1914, pp. 112-1,19, fig. 158; Pearson
& Brown, 1932, pp. 417-425, figs 144-146; Metcalfe &
Chalk, 1950, pp. 493-501; Rarnesh Rao & Purkayastha,
1972, pp. 64-68, p. 172, figs 428-432, pI. 13, fig. 433) it
waS found that the fossil is very similar in all its
anatomical characters with Bauhinia Joveolata Dalz., and
B. racemosa Lam. and also to some extent with B.
malaban'ca Roxb.

Fossil woods and leaves of Bauhinia are of
common occurrence in the Neogene deposits of India.
The fossil wood described so far are: Bauhinium
miocenicum Trivedi & Panjwani (1986) and B.
palaeomalabaricum Prakash & Prasad (1983), both from
the Siwalik beds of Kalagarh, Uttar Pradesh, and a fossil
wood comparable to Bauhinia from the Cuddalore
Series of South India (Ramanujam & Rao, 1966). All these
differ markedly from the present fossil wood. In
Bauhinium miocenicum the xylem rays are 1-3 (mostly
2) seriate and the vessels are medium-sized (t. d. 132
176 }.Lm) whereas in our fossil the rays are almost
exclusively uniseriate and the vessels are small to large
(t.d. 60·160 }.Lm, r.d. 16-280 }.Lm). Bauhinium
palaeomalabaricum Prakash & Prasad also differs from
our fossil wood in possessing relatively broad, 3-9 seriate
parenchyma bands and comparatively tall, 19-32 cells
high xylem rays. In the present fossil the parenchyma
bands are only 3-5 cells wide and the xylem rays are
shon, b~ing about 9·20 cells in height. The fossil wood
described by Ramanujam and Rao (1966) as Bauhinia is
also different in having the vessels predominantly
medium-sized (t.d. 125-175 }.L m), salital)' to sometimes
paired and the parenchyma bands broad up to 9 seriate;

PLATE 1

Kingiodendron prepinnatum sp. nov.
I, 2. Cross section showing distribution of vessels, parenchyma, gum

canals solitary or in pairs (bigger ones) and growth ring (Fig. 2)
delimited by apotracheal parenchyma line. X 40. Slide no_ B.S.J.P.
35719·1.

Kingiodendron pinnatum
3. Cross section showing similar type and distribution of vessels,

parenchyma, gum canals solitary or in groups of 2- 3 and growth
ring delimited by apotracheal parenchyma line. X 40.

4. AnOther cross section showing vessels and three gum canals
together enclosed by parenchyma. X SO.

whereas in our fossil the vessels are small to large (t.d.
60-160 }.Lm, r.d. 160-280 }.Lm) and solitary as well as in
radial multiples of 2·3, .occasionally up to 6 vessels and
the parenchyma bands are 3-5 seriate. Besides, Rawat
(1964·65) reponed a fossil wood of Bauhinia as
Bauhinioxylon indicum from the Siwalik sediments of
Mohand near Dehradun. But the author has nat given
any deSCription and illustration of this fossil wood.

Since the present fossil wood is quite distinct from
all the known fossil woods of Bauhinia, it is oeing
described here as a new species, Bauhinia deomalica sp.
nov.; the specific name indicating its OCCUffence fn
Arunachal Pradesh, India.

DISCUSSION

The genus Kingiodendron consists of four species,
distributed in the Indomalayan region (WilliS, 1973). In
India Kingiodendron is represented by a single species,
Kingiodendron pinnatum (Roxb.) Harms. It is a large
tree occurring in the evergreen forests of Western Ghats
from South Kanara to Kerala and Tinmelveli (Rarnesh
Rao & Purkayastha, 1972, pp. 79-81) mostly in association'
of Vaten'a indica, Artocarpus hirsutus, Dysoxylum
malabaricum, Dtpterocarpus indicus, Filicium decipiens,
BischoJia javanica, Toona ciliata and Elaeocarpus
species (Champion & Seth, 1968, p. 68). The otherthree
species are known to occur each in Philippines, the
Solomon and Fiji Islands. '

Bauht'nia is a large genus consisting of about 300
species distributed throughout the tropics bf the world.
About 30 species occur in India and Burma. Of the two
species with which the fossil shows resemblance,
BauiJinia recemosa Lam. occurs in sub-Himalayan tract
ascending up to 1,500 m and throughout central, western
and southern India in dry deciduous forest and also in
dry regions of Burma and Sri Lanka. Bauhinia Joveolata
Dalz. grows in moist forests of Konkan and Nonh Kanara
at an elevation of 600 m (Rarnesh Rao & Purkayastha,
1972, pp. 65, 66, 68).

Kingiodendron prepinnatum sp. nov.
S.Tangential longitudinal section showing rays. X 90. Slide no.

B.S.I.P 35719·2
Kingiodendron pinnatum

6. Tangential longitudinal section showing rays similar to fossil.
X 90.

Kingiodendron prepinnatum sp. nov.
7. Radial longitudinal section showing heterocellular xylem rays.

X 90. Slide no. B.5.I.P. 45719-4
Kingiodendron p(nnatum

8. Radial longitudinal section shOwing heterocellular rays similar
to fossil. X 90.
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Occurrence of leaves and wcx.x.is of Bauhinia in the
Neogene deposits of Northeast India and the Himalayan
foot-hills (Ulkhanpal & Awasthi, 1984; Ra-wat, 1965;
Trivedi & Panjwani, 1986; Prakash & Prasad, 1984)
indicates that this genus was widely distributed during
the Neogene and continues to flourish luxuriently even
today all along the North and Northeast India. Unlike
Bauhinia, the genus Kingiodendron has completely
vanished from this region as there is no record of its
occurrence at present in North-east India, Burma and
adjoining regions. Presumably there has been
considerable change in the environmental conditions in
Northeast India since the Neogene period when plants
like Kingiodendron flourished here. Since a large
number of fossil wcx.x.is from this area are under
investigation, a detailed account of the floristics,
palaeoecology and phytogeography of this region will be
published in due course.
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The Palaeobotanist 35(2) : 184-186, 1986.

Occurrence of Bamboo in the Siwalik beds near Ranital,
Himachal Pradesh
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Impressions of leaves and culrns of a bamboo have been described from the Lower Siwalik sediments near Ranital,
district Kangrn, Himachal Pradesh. Due to insufficiency of the preserved data it has not been possible to arrive at any definite
identification of the bamboo.

Key-words-Leaf impressions, Culms, Bamboo, Siwalik beds, Tertiary (India).
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A FEW years ago a party of geologists working with one
of us (APT) collected some plant fossils from near
Ranital, district Kangra, Himachal Pradesh, which is
regarded as a locality of the Lower Siwalik sediments. In
lithology these specimens are very much like those
collected from Balu-Goloa, about 8 km east of Ranital
and also considered as Lower Siwalik. While several
kinds of plants have been described from Balu-Goloa
(lakhanpal, 1965, 1966, 1968, 1969; lakhanpal & Dayal,
1966; I.akhanpal & Guleria, 1987), this is the first report
from RanitaI.

Descnption-There are eight specimens in the
collection, which bear fragmentary plant remains
showing obvious affinities with a bamboo. They consist
of several leaf-impressions and two impressions of
culms. .•

The leaves (PI. 1, figs 1, 2) are linear, 2.0-}5 cm
broad with entire margin. The base and apex are not
preserved in any specimen nor is any midrib discernible.
Details of venation are not well preserved but one
specimen shows the lamina bearing parallel longitudinal

veins of two kinds: prominent veins placed at intervals of
about 7 mrn, each interval having a median vein with 7-8
finer interstitial veins on either side of it, without cross
veins.

The two fragments of cldms are rather narrow,
preserved width of one (PI. 1, fig. 3) is about 2 cm and
that of the other (PI. 1, fig. 4) 3.4 crn. The former is about
8 crn and the latter about 10.5 cm in length. They
represent the lower parts of the culms as both bear
impressions of roots and vegetative buds at the nodes.
The internodes are also short, about 2.5-3.5 cm in length.
The impressions of roots are more or less oval, 1.5 X 3.0
to 3.0 X 5.0 mm across. The vegetative buds are broadly
elliptiC, measuring about 7.0 X 13.0 mm to 9.0 X 13.0
mm across. As preserved, there are up to 7 root scars in a
row visible at the node. At some nodes, there is a thin
linear impression of the junction of the sheath
membrane, just below the row of root scars.

Discussion-The preservation of the present
specimens is far from satisfactory for a definite
identification with any known taxa of bamboos.
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However, the available data indicate that the Ranital
bamboo had a narrow culm with short internodes,
specially near the basal pan. There were about a dozen
root scars around the basal nodes, arranged in a single
row. The vegetative buds were small and appeared
broadly elliptic in outline. The leaves were of medium
width and nOt very large.

Keeping the above features in view, an attempt was
made to compare the fossil bamboo with those growing

PLATE 1

(All figures are of natural size)

I. A fragment of leaf· impression of a bamboo. B.5I.P. specimen no.
35893 A-

2 Another specimen of a leaf-impression B.5.I.P. specimen no 35893 B.

in the Arboretum of the Forest Research Institute,
Dehradun. Four bamboos, viz., Dendroealamus strietus,
D. Iongispathus, Me/oeanna baeeifera and Neohouzeaua
duliooa are comparable to our fossil in the width of the
stem. However, in characters of roots and buds
Me/oeanna and Neohouzeaua are quite different,
particularly N dullooa in which the roots coming out in
several circular rows form a sort of a band at the node.
Dendroeafamus strietus and D. Iongispathus show more

3. An impression of a bamboo culm showing vegetative buds and a
sheath membrane. B.S.I.P. specimen no. 35894.

4. AnOlher impression of a culm clearly showing rOOI scars and vegeta
live buds al the nooes. B.S.J.P. specimen no. 35893 C.
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resemblance with the fossil. The size of the vegetative
buds is similar in both. However, the internodes are
shorter in D. strictus and longer in D. longispatbus. The
roots also seem more like those of the fossil in D. strictus
than in D. Iongispatbus. But in leaves, D. longispatbus
shows closer Similarity than D. strictU$.

The above comparisons are only tentative as our
specimens are fragmentary and without enough
characters \Varranting a definite identification. On the
basis of the presently available infonnation it can only be
stated that a bamboo \Vas growing around Ranital in the
Lower Si\Valik times. Its taxonomic affinities would be
established only when better specimens are collected
from this locality in future.
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Palynology of the Siwalik sediments of Kala Amb-Nahan
area in Sirmaur District, Himachal Pradesh .

R. K. Saxena & A P. Bhattacharyya

Saxena, R K & Bhauacharyya, A P. (1987). Palynology of me Siwalik sediments of Kala Amb·Nahan area in Sirmaur
District, Himachal Pradesh. Palaeobotanist 3S (2) : 187·195.

The palynoflora recovered from me Lower Siwalik (Nahan) and Upper Siwalik sediments exposed along me road
sections in Kala Amb-Nahan area in Sirrnaur District consists of 18 genera and 25 species. Of mese, two species are new. The
diagnoses of two palynogenera, viz., lnaperruropollenites and lnaperrisporites, have been emended. One new combination
has also been proposed.

The Lower Siwalik (Nahan) palynoflora is represented by 13 genera and 17 species of fungal remains (13%),
pteridophytic spores of Cyameaceae and Polypodiaceae (5%), gymnospennous pollen of Pinaceae (73.5%), and
angiospennous pollen of [jUaceae and Myricaceae (8.5%). On me omer hand, me Upper Siwalik assemblage is represented
by 11 genera and 15 species offungal remains (14%), gymnospennous pollen ofPinaceae (67%), and angiospennous pollen
of Potamogetonaceae, Palmae, Poaceae and Magnoliaceae (19%). A comparison of mese Lower and Upper Siwalik
assemblages wim me knovvn assemblages from me corresponding horizons has been made and il has been observed that me
Lower Siwalik assemblage comes closest to that described from me Bhakra-Nangal Section in Himachal Pradesh, whereas me
Upper Siwalik assemblage is comparable to me Pinjor assemblage near Chandigarh and Assemblage-l of Hoshiarpur-Una
Road' Section assembla:ge.

KC'y-words-Palynology, Lower Siwalik, Upper Siwalik, Tertiary (India).

R. K Saxena & A P Bbattacharyya, Birbal Sabni Institute of Palaeobotany, 53 University Road, Lu<:know 226007,
India.
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TIlE palynological studies on the Siwalik Group started
in late sixties. Banerjee (1968) published a shon paper
dealing with the palynoflora, palaeoclimate' and
environment of deposition of Lower and Middle Siwalik
in Bhakra Nangal area of Himachal Pradesh. Thereafter,
Lukose (1969), Nandi and Bandyopadhyay (1970),

Venkatachala (1972), Nandi (1972), Mathur (1973) and
Mathur and Venkatachala (1979) have made significant
contributions to Lower and Middle Siwalik palynology.
Nandi (1975) and Ghosh (1977) divided the Siwalik
sequence of Jawalamukhi area, Himachal Pradesh intO
four informal zones, viz., Zones 1-4, on the basis of
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characteristic palynoassemblages recovered therefrom.
Nandi (1980) provided a formal status to these zones as
per requirements of the Code of Stratigraphie
Nomenclature of India (1971) and tried to extend them
in the various traverse sections of the Si\Valiks in Uttar
Pradesh, Punjab and Himachal Pradesh.

The palynological study of the Upper Si\Valik
sediments \VaS staned a linle later. Singh et al. (1973)
were the first to repon the occurrence of Pinus-type,
monosulcate-type and inapenurate (nonsaccate) pollen
grains in the Pinjor Formation (Upper Siwalik) and to
surmise subtemperate to temperate climate. Nandi
(1975) and Ghosh (1977) reponed the occurrence of
Cyathidites, Alsophilidites, Leptolepidites, PinuspolJenites,
Podocarpidites, MonoporopoUenites, AlnipolJenites and
Tetradomonopon"tes in the basalmost pan of Upper
Si\Valik and stated the remaining pan of Upper Si\Valikto
be palynologically completely unfossiliferous. Thereafter,
after a gap of few years, palynological studies on the
Upper Si\Valik were revived by Saxena and Singh (1980,
1981, 1982a, 1982b) and Singh and Saxena (1980, 1981).
These assemblages are from the middle and upper pans
of the Upper Siwalik, proving these horizons
palynologically fossiliferous. Saxena et ai. (1984) studied
Lower, Middle and Upper Siwalik palynofloras of Bhakra
Nangal area, Himachal Pradesh. Saxena and sarkar (1983)
recorded several taxa of reworked Eocene dinoflagellate
cysts from the five Siwalik sequences in Himachal
Pradesh and Chandigarh, tracing their source in the
Subathu Formation and interpreting a fluviatile
environment for the depoSition of these Si\Valik
sequences.

MATERIAL AND BRIEF GEOLOGY

The material for the present palynofloral
investigation \Vas collected from the Si\Valik sequences
exposed along the road between Kala Amb and Nahan
and Kala Amb and Saketi in Sirmaur District of Himachal
Pradesh (Map 1). The section exposes Upper Si\Valik
between Kala Amb and 6 km from Kala Amb where the
uppermost part of Upper Siwalik, viz., Boulder
Conglomerate is exposed. The Upper Si\Valik consists of
buff to rust coloured, fine to coarse grained sandstones
with greyish siltstones and purple shales. The uppermost
pan of the Upper Si\Valik is composed' of massive
boulder conglomerate beds alternated with grey and
pinkish siltstones and coarse grained t6 gritty sandstone
beds. The boulder conglomerate beds are composed of
pebbles, cobbles and boulders ranging in size from few
millimetres to 0.5 metre, embedded in a sandy matrix. 40
samples were collected from the Upper Si\Valik (sample
nos. 1·34 and 82-87). The Upper Si\Valiks are overlain by
Nahan (Lower Si\Valik) at near 6 km from Kala Amb on
Kala Amb- Nahan Road. The contact between the two is
thrusted one (Markanda Thrust). The Nahan is composed
of buff, compact, fine grained, massive, occasionally
micaceous sandstone V/ith subordinate purplish·grey
siltstone and ferruginous, reddish to rust coloured shales.
Fifteen samples (sample nos. 35-49) were collected from
the Nahan sediments. Besides, 32 rock samples (sample
nos. 50-81) were collected from the Kala Amb-Saketi

. Road cuning section exposing the Upper Si\Valiks.
Altogether, 87 samples from this area were collected, of
which eleven samples proved to be palynologically
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productive. The details of the samples, as to their
lithology, location and productivity, are given in Table 1.

PALYNOFLORAL ASSEMBlAGE

Check-list of the Palynoflora

Lower Siwalik (Nahan)-Cyathidites minor Couper,
Intrapunctisporis, apunctis, Krutzseh, Monolites sp.,
Quadrangulosaccites himachaJensis Saxena & Singh,
Laricoidites magnus (Potonie) Potonie et al.,
InaperturopoUenites punctatus (Saxena) comb. nov., I
eUipticus sp. nov., InaperturopolJenites sp., Araucariacites
australis Cookson, Liliacidites major Saxena,
Monosulcate palynomorph· 1, Myricipites sp., Polyporate
palynomorphs 1 and 2, lnapertisporites kedvesii Elsik, I
udan'i Gupta, Staphlosporonites siwalikus sp. nov.,
Staphlosporonites sp., Polycellaesporonites beOus Chandra
et aI., Spinasphaera robusta Kar & Saxena.

Upper Siwalik--PinuspoOenites siwalikus Singh &
Saxena, Quadrangulosaccites himachalensis Saxena &
Singh, Lan'coidites magnus (Potonie) Potonie et al,
InaperturopoUenites {Junctatus (Saxena) comb. nov., I
ellipticus sp. nov., Spinainaperturites sp., Inaperturate
palynomorph, Palmidites sp., PinjoriapoOis magnus

Saxena & Singh, P. lanceolatus Saxena & Singh.
Pinjoriapol/is sp., Monosulcate palynomorph-2,
MonoporopolJenites sp., Inapertisporites kedvesii Elsik, I
maximus Singh & Saxena, Staphlosporonites siwalikus sp
nov., and Polycellaesporonites bellus Chandra et al

9

DESCRIPTION

Genus-MonoIItes Coobon, 1947 ell: Poconle, 1956

Monolites Sp.

Pl. I, fig. 1

Description-Spore subcircular; size 52 X 48 ""m;
monolete; exine up to 1 ""m thick, laevigate.

Genus-lArlcoUUtes Potonle et Rl., 1950 ex Potonle, 1958

Remarks-Since L. magnus (Potonie) Potonie et aI.
(1950), the type species of Laricoidites, has laevigate
exine, it is recommended to retain this genus only for
Iaevigate, inaperturate pollen grains.

Genus-ltfQperturopolleniles pflug a: Thomson In TholWlOn a:
pflug, 1953 emende~

Remarks-Pflug and Thomson in Thomson and
Pflug (1953, p. 64) proposed this genus to accommodate

Table l-DetaJJs of samples collected with their location, Uthology and spore/pollen productivity

Lower
Siwalik
(Nahan)

1.6 Ian from Sainwafa
1.2 Ian from Sainwafa
0.2 km from Sainwafa
9 km from Kala Amb
12.6 Ian from Kala Amb

Lithology Locality Rock Unit

Pinkish Clay Near Kala Amb BUS-SlOP
Purple shale 1 km from Kala Amb near Terpemine

factory
1.1 km from Kala Amb

2.1 km from Kala Amb
2.5 km from Kala Amb

Purple shale in grey sandstone 3 Ian from Kala Amb

.. "
4 Ian from Kala Amb

"
5.75 km from Kala Amb

Siltstones 6 km from Kala Amb

" ..
Upper

Purple shales 0.4·1.1 km from Kala Amb Siwalik

------------MarkandaThrust----------------
Reddish-rust coloured shales

Sample Spore/poIJen occurrence
Number"

1-2 Unproductive
34

5 Productive
6 Unproductive
7-10
11-13
14·21 Unproductive
22 Productive

23·30 Unproductive
31 Productive
32-34 Unproductive
82·84
85 Productive
86·87 Unproductive
50·59
60 Productive
61-78 Unproductive
79-80 Productive
81 Unproductive

-

35 Productive
36-37
3841 Unproductive
42-43
44·46
47 Productive
48-49 Unproductive

·Sample nos. 50-81 were collected from Kala Amb·Saketi Road Section and all other' samples from Kala Amb-Nahan Road Section. Samples are nO!
arranged in straligraphic sequence.
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"Pollen grains without or with indistinct genninal
apparatus, original shape, spherical with a symmetry
plane through the equator, sometimes tending to
bilateral symmetry or lenticular, exine not cavate (no
sacci or similar inflated structure)". Potonie (1958, pp.
77-78) emended the diagnosis as "equator circular, exine
thin, infrapunctate, with many secondary folds, smaller,
thinner and more strongly punctate exine than in
Laricoidites'.

Since, Inaperturopollenites dubius (Potonie &
Venitz) Pflug & Thomson in Thomson & Pflug (1953),
the type species of the genus, is infrapunctate (Thomson
& pflug, 1953, p. 65), Potonie's (1958), emended
diagnosis seems to be more justified. However, much
variations in shape and size have been observed by us in
the grains of this genus. It is also recommended that this
genus should be restricted only for punctate·
infrapunctate, inaperturate pollen grains, and laevigate
fonns not to be included under it. The diagnosis of the
genus is therefore emended as follows:

Emended diagnosis-Pollen grains highly variable in
shape from circular to sulxircular, oval, elliptical and of
other irregular shapes. Size variable from small to large,
inaperturate. Exine punctate·infrapunctate, irregularly
folded.

Comparison-lnaperturopollenites close ly
resembles Laricoidites in shape, size and in having no
aperture but can be distinguished by its punctate
infrapunctate exine while the laner is laevigate.

Inaperturopollenites punctatus (Saxena, 1979) comb_
nov.

PI. 1, figs 2, 3

Basionym-Laricoidites punctatus Saxena, 1979,
PaiaeobotanJst 26(2) : 131, pI. 1, fig. 2

PlATE 1

(All the phOlomicrogmphs are enlarged ca X 500. The coordinates of
the specimens refer to the stage of Olympus Microscope no. 205838)

1. Monolites sp.; Slide no. B.S.!.P. 8521, coordinates 8 X 92.4.
2, 3- lnaperturopoOenites punctatus (Saxena) comb. nov.; Slide no.

B.S.!.P. 8526, coordinates 8.3)(: 104.6; Slide no. B.S.!.P. 8527,
coordinates 6 X 103.4.

4, 5. lnapenuropollenites el/ipticus sp nov.: Slide no. B.S.!.P. 8528,
coordinates 7 X 100 (Ho!orype), Slide no. B.S.!.P. 8528, Coordi·
nates 11 X 93.

6. Spinainaperturites sp., Slide no. B.S.!.P. 8530, coordinates 3.7 X

78.3
7. Monosulcate palynomorph·2; Slide no. B.S.!.P. 8533, coordinates

3.2 X 947.
8. Pinjoriapol/is magnus Saxena & Singh; Slide no. B.S.I.P. 8531,

coordinates 10 X 103.5
9. Polyporate palynomorph· 1; Slide no. B.S.!.P. 8522, coordinates

7 X 115.5.

H%type-Laricoidites punctatus Saxena, 1979, pI. 1,
fig. 2.

Description-Pollen grains circular-sulxircular to
oval, size range 68·84 X 54-72 Mm, inaperturate. Exine
0.5 to 1.5 Mm thick, infrapunctate.

Remarks-Since Lan'coidites has been retained here
only for laevigate-inaperturate grains, L punctatus Saxena
(1979) is transferred to Inaperturopollenites.

Inaperturopol1enites ellipticus sp. nov.

PI. 1, figs 4, 5

Holotype-PI. 1, fig. 4, size 110 X 56
BSIP Mss No. 186 to....

Basionym-Laricoidites punctatus Saxena, 1979,
Palaeobotanist 26(2) : 131, pI. 1, fig. 2

Holotype-Lan'coidites punctatus Saxena, 1979, pI. 1,
fig. 2.

DeSCription-Pollen grains circular-sulxireular to
oval, size range 68-84 X 54·72 Mm, inaperturate. Exine
0.5 to 1.5 Mm thick, infrapunctate.

Remarks-Since Lan'coidites has been retained here
only for laevigate-inaperturate grains, L. punctatus Saxena
(1979) is transferred to Inaperturopollenites.

Inaperturopol1enites ellipticus sp. nov.

PI. 1, figs 4, 5

Holotype-PI. 1, fig. 4, size 110 X 56 Mm; B.S.I.P.
slide no. 8528, coordinates 7 X 100.

Type Loca/ity-3 kilometre stone, Kala Amb-Nahan
Road, Sinnaur District, Himachal Pradesh; Upper Siwalik.

Diagnosis-Pollen grains elliptical in shape, size
range 82-135 X 42-76 Mm, inaperturate. Exine up to 2 Mm
thick, infrapunctate, puncta closely and evenly
distributed, exine sometimes folded.

10. MonoporopolJenites sp.; Slide no. B.S.!.P. 8532, coordinates 11.4 X

100.
11. Palmidites sp.; Slide no. B.S.!.P. 8528, coordinates 3 X 105.

12,14. Staphlosporonites siwalikus sp. nov.; Slide no. B.S.!.P. 8536, co

ordinates 13 X 92.6 (HoIOlype); Slide no. B.S.!.P. 8538,
~oordinates 9 X 108.

13. Polyporate palynomorph-2; Slide no. B.S.!.P. 8535, coordinates
3.5 X 93.

15. InapenuropoOenites sp.; Slide no. B.S.!.P. 8529, coordinates
4 X 83.

16. Pinjoriapol/is sp.; Slide no. B.S. I.? 8532, coordinates 15.5 X 106.4.
17. Myricipites sp.; Slide no. B.S.!.P. 8534, coordinates 13.3 X 103.
18. Staphlosporonites sp.; Slide no. B.S.I.P. 8534, coordinates 9 X lOB.
19. lnaperrurate palynomorph; Slide no. B.S.!.P. 8528, coordinates

8 X 91.
20. Monosu!cate palynomorph·1; Slide no. B.S.!.P. 8522, coordinates

16.3 X 107.8.
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Comparison-The present species can easily be
distinguis!)ed from I dubius by its bigger size and
elliptical shape. I ruptus POtonie & Sah (1960) differs
from the present species in being smaller in size. I
punctatus (Saxena, 1979) comb. nov. is circular·oval in
shape.

Inaperturopo/1enites sp.

PI. 1, fig. 15

Description-Pollen grain subcircular, size 66 X 63
/-1m, inaperturate. Exine 1.5 /-1m thick, faintly
infrapunctate, many irregularly developed ridges present
over the surface forming a coarse reticulum, some ridges
prominent while others thin and incomplete.

Comparison-The present species differs from the
other species by its irregularly developed ridges forming
coarse reticulum.

Genus-SpinatnaperturUes Pierce, 1961

Spinainaperturites sp.

PI. 1, fig. 6

Description-Pollee grain oval, size 68 X 53 /-1m,
inaperturate. Exine up to 1 /-1m thick, ornamented 'With
sparsely placed and irregularly distributed conate
spinules.

Comparison-The present species differs from S.
magnificus Ramanujam (1966) and S. scabratus Mathur
(1%6) in having sparsely placed and irregularly
distributed conate spinules.

Inaperturate palynomorph

PI. 1, fig. 19

Description-Elliptical palynomorphs, size 152 X

62 /-1m. No aperture visible, but a strong fold throughout
the length of the longer axis present, suggesting the
presence of a sulcus. Exine laevigate.

Genus-Palmtdltes Couper, 1953

Palmidites sp.

PI. 1, fig. 11

Description-Pollen grain oval-elliptical in shape,
size 88 X 53 /-1m. Monosulcate, sulcus not clearly
discernible. Exine up to 1 /-1m thick, laevigate.

~nus-ptnjorlapollts Saxena A Singh, 1981

Pinjoriapollis sp.

PI. 1, fig. 16

Description-Pollen grain elliptical, size 124 X 63
/-1m. Monosulcate. Exine 1 /-1m thick, infrapunetate.

Comparison-the present specimen differs from P.
magnus and P. Ianceolatus both described by Saxena
and Singh (1981) in having infrapunctate exine.

Monosuleate palynomorph 1

PI. 1, fig. 20

DeSCription-Irregularly oval palynomorph, size
156 X 115 /-1m. Monosulcate, sulcus ± triangular in
shape. Exine hyaline, laevigate.

Monosuleate palynomorph 2

PI. 1, fig. 7

Description-Circular-oval palynomorphs, size range
62-77 X 52-62 /-1m. Monosulcate, sulcus 'Wide, oval,
conforming to the pollen margin. Exine up to 1.5 /-1m,
psilate to weakly infrapunetate.

Genus-Monoporopollentt Meyer, 1956 emend. Potonle,
1960

Monoporopo/1enites Sp.

PI. 1, fig. 10

Description-Pollen grains circular to elliptical in
shape, size range 66-140 X 60-62 /-1m. Monoporate, pore
circular to oval, 11-28 X 9·11 /-1m. Exine laevigate.

Genus-Myrtctpltes Wodehouse, 1933

Myricipites Sp.

PI. 1, fig. 17

DeSCription-Pollen graip. triangular, size 35 X 32
/-1m. Triorate, angulaperturate, interoral margin straight to
± convex. Exine 1.0 /-1m thick, granulose, grana closely
placed and evenly distributed.

Comparison-The present specimen resembles M
vulgaris Dutta & Sah (1970) in having similar shape, size
and exine ornamentation but in the latter ora are
crassimarginate. M globatus Kar & Saxena (1981) differs
in having bigger size range (64·78 X 56·70 /-1m) and
subcircular shape.

Polyporate palynomorph 1

PI. 1, fig. 9

Description-0val palynomorph, size 35 X 23 /-1m.
Polyporate, pores 4 (or 5), equatorially placed. Exine 0.5
/-1m thick, laevigate.

Polyporate palynomorph 2

PI. 1, fig. 13

Descnption-Subcircular palynomorph, size 54 X ·n
/-1m. Polyporate, pores numerous, sparsely placed,
periporate. Exine up to 1 /-1m thick, infrapunctate.

Remarks-The present specimen resembles the
pollen grains of Chenopodiaceae/Amaranthaceae.

Genus- Inaperttsporltes W1l <fer Hammen, 1954 ex Rouse,

1959 emended

Remarks-Van der Hammen (1954) proposed this
genus for reference to various inaperturate spores found
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in the Cretaceous and Tertiary sediments of Colombia
without providing the generic diagnosis or type species.
As such this genus remained invalid. Rouse (1959, p.
312) conserved this genus for inaperturate algal, fungal
and possibly bryophytic spores and validated it by
prOviding a generic diagnosis and nominating I
pseudoreticulatus Rouse (1959, pI. 2, figs 16-17) as its
rype species. Elsik (1%8, p. 268) emended the generic
diagnosis and restricted this genus only for inaperturate,
psilate, unicellate and variable shaped fungal spores.
Sheffy and Dilcher (1971, p. 27) again emended the
diagnosis to include both algal and fungal spores of
varied ornamentation. Sheffy and Dilcher (1971) stated
the shape as 'globular or subglobular' and size range as
5·11 Mm, which is not correct for most of the species of
this genus. In the present emended diagnosis size and
shape are therefore given as 'variable'.

Emended Genen'c Diagnosis----lnaperturate algal or
fungal spores, unicellate, nonseptate. Shape and size
variable, outline smooth or often uneven because of
wrinkles or folds. Spore well ornamentation variable.

GenU8-~ Sbe~ a: DUcher. 1971

Stapblosporonites siwalikus sp. nov.

PI. 1, figs 12, 14

Holotype-PI. 1, fig. 12, size 61 X 52 Mm; B.S.I.P.
slide no. 8536, coordinates 13 X 92.6.

Type Locality-O.6 Ian from Kala Amb, Kala Amb·
Saketi Road, Sirrnaur District, Himachal Pradesh; Upper
Siwalik.

DiagnOsis-Fungal spores subcircular in shape, size
range 61·77 X 52-70 Mm. Multicellate, septa very thick,
thicker than spore wall, individual cells circular·
polygonal, small in size. Spore wall psilate.

Staphlosporonites sp.

PI. 1, fig. 18

Description-Fungal spore subcircular to irregular in
shape. Size 45·77 X 35·70 Mm. Multicellate, cells
irregularly arranged and vary in size, inaperturate. Spore
wall dark brown in colour, psi/ate.

DISCUSSION

The palynofloral assemblage described here from
the Lower Siwalik (Nahan) and Upper Siwalik sediments
of Kala Amb-Nahan area in Sirrnaur District, Himachal
Pradesh, consists of 18 genera and 25 species of
palynomorphs. These include fungal remains,
pteridophytic spores, gymnospermous and
angiospermous pollen grains and palynomorphs of
uncertain· affinity. Two new species and one new
combination have been proposed. The number of
palynomorphs per sample being very· low, both in case
of Lower and Upper Siwaliks, the quantitative analysis has

been made on the basis of composite assemblages
recovered from all the samples of Lower and Upper
Siwaliks respectively. An analysis of the palynoflora is
discussed ahead.

•
Lower Siwalik (Nahan) Assemblage

From the Lower Siwalik (Nahan) sediments a total
of 15 samples were collected, of which only four samples
yielded palynofossils. The assemblage consists of 13
genera and 17 species. Of these, three genera and five
species are of fungal spores, three genera and three
species of pteridophytic spores, four genera and six
species of gymnospermous pollen, two genera and two
species of angiospermous pollen and one genus and one
species of uncertain affinity. The fungal spores constitute
about 13 per cent of the assemblage, being represented
by Staphlosporonites, Inapertisporites and
Polycellaesporonites. The pteridophytic spores are
comparatively poorly represented (5%) and may be
related to Cyatheaceae and Polypodiaceae. The
gymnospermous pollen grains showing affinity with the
family Pinaceae constitute the bulk of the assemblage
(73.5%). Amongst the gymnospermous pollen alone,
inaperturate pollen share 96% (Laricoidites 46%;
lnaperturopollenites 46% and Araucariacites 4%). The
rest of the gymnospermous pollen are represented by
bisaccate pollen grains. The angiospermous pollen grains
are also insignificantly represented (8.5%) and have been
assigned to Liliaceae and Myricaceae.

Upper Siwalik Assemblage

For the palynofloral investigation of the Upper
Siwalik of this area, a total of 71 samples were collected,
but only seven of them proved to be productive. The
assemblage recorded from these samples consists of 11
genera and 15 species. The assemblage is represented by
three genera and four species of fungal spores, four
genera and five species of gymnospermous pollen grains
and four genera and six species ofangiospermous pollen
grains. The fungal spores of this assemblage are
qualitatively simi/ar to those of the Lower SiWalik and
constitute 14 per cent of the assemblage, being
represented by lnapertisporites, Staphlosporonites and
PolycelJaesporonites. The assemblage is devoid of any
positive evidence of bryophytic or ptendophytic spores.
The gymnospermous pollen grains are comparatively less
represemed (67%) than those in the Lower Siwalik
assemblage. The gymnospermous pollen are represented
mainly by the inaperturate pollen grains (Laricoidites
28% and Inaperturopollenites 68%) while bisaccate
pollen of QuadranguJosaccites share only 4%. All the
gymnospermous pollen show affinity with Pin;lceae. The
angiospermous pollen are referable to
Potamogetonaceae, Palmae, Poaceae and Magnoliaceae
and share about 19 per cent of the -assemblage.
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Table 2-G1"Oup-wt8e comparlson of t!le present Upper Siwallk
lI88eIDblage with the Gagret·Bharwain Section assemblage of
Una DJstriet, Himachal Pradesh

Saxena and Singh (1982a) reported Pinjor (Upper
Siwalik) palynoflora from near Chandigarh, The present
assemblage very much resembles this assemblage in
common representation of PinUS/XJUmites, Lan'coidites
Inaperturopo//enites, Palmidites, Pinjoriapo//is,
Monoporopoiienites (± = Graminidites) and
Inapertisporites. Saxena and Singh ( 1982b) recorded
Upper Siwalik palynoflora from the Hoshiarpur-Una Road
Section in Punjab and Himachal Pradesh and established
twO informal zones. The present assemblage compares
with the Assemblage-1 of the Il.bove seaion in the high
frequency of inaperturate pollen grains and fungal
remains. Saxena et ai. (1984) recorded seven genera and
nine species of palynomorphs from the Upper Siwalik of

upper Siwalik-The Upper Siwalik palynofossils
have so far been recorded by Singh et ai. (1973), Nandi
(1975), Ghosh (1977), Singh and Saxena (1980, 1981),
Saxena and Singh (1980, 1982a, 1982b) and Saxena et ai.
(1984), Singh et ai (1973) reported the occurrence of
Pinus type, monosulcate type and inaperturate
(nonsaccate) pollen grain. All these types have also been
recorded from the present Upper Siwalik assemblage.
Nandi (1975) and Ghosh (1977) recorded Cyatbidites,
Alsophilidites, Leptolepidites, Pinuspo//enites,
Podocarpidites, Monoporopol1enites, Alnipo/lenites and
Tetradomonoporites from the Upper Siwalik sediments of
]awalamukhi area of Himachal Pradesh. Of these, only
Pinuspol1enites and Monoporopo/lenites are common to
both the assemblages. The present assemblage differs
from ]awalamukhi assemblage in total absence of
pteridophytic spores and rich representation of
inaperturate pollen and fungal remains. Singh and
Saxena (1980, 1981) recorded Upper Siwalik assemblage
from Gagret·Bharwain Section in Una distrid of Himachal
Pradesh. This assemblage largely compares with the
present assemblage in common occurrence of
Pinuspo//enites, Laricoidites, Monoporopo//enites
(± = Graminidites) and lnaperti4Jorites. A group-wise
comparison of the two assemblages is given in Table 2.

Fungal remains
Gymnospermous pollen
Angiospermous pollen
Reworked palynomorphs

Upper
Siwalik
of Kala

Amb-Nahan
Road

Section,
Himachal
Pradesh

14
67
19

Absent

28
65
7

Present

Assemblage Upper
Siwalik

of Gagret
Bharwain

Road
Section,

Himachal
Pradesh

(Singh &
Saxena, 1981)

Group

PALYNOFLORAL COMPARISON

Lower Siwalik (Naban)-The Lower Siwalik
palynoassemblages have been described by Banerjee
(1%8), Venkatachala (1972), Mathur (1973), Nandi
(1975), Ghosh (1977) and Saxena et ai. (1984). Banerjee
(1%8) recovered pteridophytic spores belonging to
Gleicheniaceae and Polypodiaceae, gymnospermous
pollen of Pinus spp., Disaccites sp. and inaperturate types
and angiospermous pollen of Compositae, Gramineae,
Palmae, tricolpate, tetracolpate and polycolpate types
from the Lower Siwalik sediments of Bhakra-Nangal area.
This palynoflora compares with the present assemblage
in common occurrence of monolete spores and
inaperturate and bisaccate pollen grains. However, the
present palynoflora is conspicuous in having poorly
represented pteridophytic spores and bisaccate pollen
grains, poor and less diversified angiospermous pollen
grains and very high representation of inapenurate
pollen and fungal spores. Venkatachala (1972)
mentioned the occurrence of Palmae and Gramineae
pollen and Quercoidites, Haloraciacidites,
Cupulijeroipo//enites, Sapotaceoidaepoiienites and
Araceoipol1enites. None of these taxa has been recorded
in the present palynoflora. Mathur (1973) described a
rich palynoflora consisting of 13 genera and 17 species
from the Lower Siwalik sediments of lharukhola
Chepang, northeast of Nepalgunge, Nepal. It has been
observed that none of the species of this palynoflora is
common to the present assemblage. In the Tharukhola
Chepang assemblage, angiospermous pollen grains are
dominant followed by pteridophytic spores and
gymnospermous pollen grains whereas the present
assemblage is dominated by gymnospem10us pollen
grains and fungal spores with sporadic representation of
pteridophytic spores and angiospermous pollen grains.
Nandi (1975) and Ghosh (1977) mentioned the
occurrence of 27 palynogenera in the Lower Siwalik of
]awalamukhi area of Himachal Pradesh. Of these, only
Cyathidites, Poiypodiaceaesporites (± = Monolites) and
Pinuspo/!enites (± = Quadrangulosaccites) are common
to the present assemblage. The ]awalamukhi assemblage
is rich in pteridophytic spores and angiospermous pollen
grains whereas the present assemblage is rich in fungal
spores and gymnospermous pollen with subordinate
representation of pteridophytic spores and
angiospermous pollen grains. Saxena et ai. (1984)
recorded 23 genera and 28 species of palynomOIphs
from th-e Lower Siwalik of Bhakra-Nangal area of
Himachal Pradesh. Of these, only five genera are
{:ommon to the present Lower Siwalik assemblage.
Quantitatively the two assemblages are comparable in
the frequency of fungal remains and pteridophytic spores
whereas inaperturate gymnospermous pollen dominate
in the present assemblage in contrast to the
angiospermous pollen in the Bhakra·Nangal assemblage.
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Bhakra·Nangal Section in Himachal Pradesh. Of these,
Inapertisporites, Pinuspollenites and Graminidites
(± = Monoporopollenites) are also found in the present
assemblage.
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Palynological study of Sutunga coal seam, ]aintia Hills,
Meghalaya
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MandaI, J. (1987). Palynological study of SUlunga cool seam, Jaimia Hills, Meghalaya. Palaeobotanist 35 (2) : 196-199.

Palynological fOSSils recovered from SUlunga Colliery, Jaimia Hills, Meghalaya consist of 27 genera and ·39 species.
Pleridophytic spores and angiospermic pollen are more or less equally represemed in lhe assemblage. The dominanl species
are: Lycopodiumsporites paroireticu!atus, Cyathidites minor, Lygodiumsporites lakiensis, Todisporites kutebensis, Proxapertites
microreticulatus, Couperipollis brevispinosus and Tricolpites minutus- A Palaeocene age is attribuled to this assemblage.

Key-words- Palynology, Pleridophytes, Angiosperms, Sutunga Coal seam, Palaeocene (India).
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SOME of the Terti.:ry sedimentary deposits of Assam and
Meghalaya have ricl-) coal deposits. The coal comprises
high sulphur content and is well known for its physio
chemical properties. The coalfields of Khasi, ]aintia and
Garo Hills are known to be fonned along the southern
fringe of Shillong Plateau on platfonn areas under stable
shelf condition. In ]aintia Hills, a number of small coal
bearing outliers are fonned within the I2kadong
Sandstone Member (Member of Sylhet Limestone
Fonnation) and this coal is superior in rank to any other
Tertiary coals of north-east India (Raja Rao, 1981).

Palynology of Palaeocene- Lower Eocene rocks of
north· east India has been worked out by Biswas (1962),
Baksi (1962), Sah and Dutta (1966), Dutta and Sah
(1970), Salujha, Kindra and Rehman (1972), Singh
(1977), Mehrotra (1983), etc. The present paper
de::..::ribes the results of palynological investigation of a
coalfield situated on the left side of]owai-Klheriaht Road
(National Highway no. 44) near the village Sutunga. The
coal seams extend over an area of one square kilometer,
well exposed towards east and north of the Village. Of

the two coal seams, the top one varies from 0.1 to 0.2 m
while the bottom one ranges from 0.3 to 1.07 m in
thickness. In all, 30 samples were collected and
macerated.

The assemblage comprises following 27 genera and
39 species:

Lycopodiumsporites paroireticulatus Sah & Duna
L. umstewensis Duna & Sah
L. palaeocenicus Sah & Duna
Cyathidites minor Couper
Lygodiumsporites Iakiensis Sah & Kar
Biretisporites bellus Sah & Kar
IntrapunctispOris apunctis Krutzsch
Dandotiaspora dilata (Mathur) Sah, Kar & Singh
D telonata Sah, Kar & Singh
Todisporites kutchensis Sah & Kar
Schizaeoisporites phaseolus Delcourt & Sprumont
S crassimurus Dutta & Sah
PolJPodiisporites mawkmaensis Dutta & Sah
Laevigatosporites Iakiensis Sah & l<ar
Polypodiaceaesporites levis Sah

1%
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HJstogram 1-Histogram showing !he pattern of miofloral behaviour
in different samples.
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GENERAL ASSESSMENT OF THE ASSEMBLAGE

The assemblage consists of 16 species and 11
genera of pteridophytes and 16 genera containing 23
species of angiospennic pollen. In the assemblage, both
pteridophytic and angiospennic grains show more or less
equal dominance. Gymnospermous grain and
microplanktons are totally absent. The result of the
qualitative analysis has been ploned in the Histogram 1.

The monolete is represented by four taxa, i.e.
Polypodiisporites, Polypodeaceaesporites, Laevigatns
porites and Schizaeoisporites. The significant trilete
spores in the assemblage are Lycopodiumsporites
paroireticulatus (16.3%), L. umstewensis (2.5%), L.
palaeocenicus (1.7%), Lygodiumsporites lakiensis (9.8%),
Cyathidites minor (6.3%), Biretisporites bellus (2.1 %) and
Todisporites kutchensis (4.6%); Lycopodiumsporites
complex has the highest representation.

The angiospennic grains, on the other hand, are
strongly dominated by sulcate grains represented by 9
species belonging to 5 genera. Other representative of
non·sulcate fonns are colpate C3 genera and 9 species),
colporate (5 genera and 5 species), porate (2 genera and
2 species) and polycolpate by single taxa, viz.,
Polycolpites cooksonii. However, colporate, porate and
polycolpate grains are poor in number and variety. The
total percentage count of the pollen grains are Palmidites
maximus (1.1%), Proxapertites microreticulatus (13%),
P. crassimurus (1.7%), P emendatus (2%),

Palmidites maximus Couper
MatanomadhiasuKites maximus (Saxena) Kar
Spinizonocolpites echinatus Muller
Coupenpollis brevispinosus (Biswas) Venkatachala

& Kar
C. rarispinosus (Sah & Dutta) Venkatachala & Kar
C. wodehousei (Biswas) Venkatachala & Kar
Proxapertites microreticulatlls Jain, Kar & Sah
P emendatus (Singh) Kar & Kumar
P crassimurus (Sah & Duna) Jain, Kar & Sah
Acanthotricolpites bulbospinosa Kar
Trzporopollenites minutljormis (Ramanujam)

Saxena
Trionles bellus Sah & Kar
Polyadopollenites sp.
Tricolpites parvireticulatus Sah
T minutus Sah & Kar
T crassireticulatus Duna & Sah
T retiClllatus Cookson
Lakiapollis ovatus Venkatachala & Kar
L. matanamadhensis Venkatachala & Kar
Kielmeyerapollenites eocenicus Sah & Kar
Retitrescolpites splendens Sah
Rhoipites kutchensis Venkatachala & Kar
Tribrevicolpon'tes eocenicus Kar
Polycolpites cooksonii Sah & Duna
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Spin Izonocolpltes echlnatus (1.7%), CouperlpolUs
brevisplnosus (10.6%), C. ran'splnosus (1%), Tn'colpltes
reticulatus (1%), T paroireticulatus (2.6%) and T
minutus (4.6%), However, Lycopodiumsporites,
Proxapertites and CoupenjxJUis individually records up to
65 per cent in the samples.

DISCUSSION

The qualitative analysis shows that the assemblage is
significantly represented by Lycopodiumsporites
parvlreticulatus, Cyathldltes minor, Lygodiumsporites
laklensls, Todisporltes kutchensis amongst the
pteridophytes and Proxapertites microreticulatus,
Couper/poUis brevispinosus and Tricolpites minutus of
angiospermous affinity.

It is observed that the pteridophytic spores are more
dominant in the lower seam than the upper one.
However, the behaviour of the pollen is just reverse of
the spores. They increase gradually from base and
dominate at the upper coal seam.

Comparison-Palynostratigraphic correlation of
I..ak<ldong Sandstone sequence with the Therria
(=Cherra), Tura and Mikir formations has been discussed
by Sah and Kar (1972), Sah and Singh (1974), Mehrotra
(1981) and Sah and Dutra (1974) Sah and Dutta (1974)
established three biozones in the Therria (=Cherra)
Formation and also recorded s;gnificant break in
between the assemblage of uppermost Cherra biozone
(Tricolpites reticulatus Cenozone) and overlying
assemblage of I..akadong Sandstone. The cenozones of
Cherra and Lakadong in ascending order are
Proxapertites erassimurus Cenozone, Tricolpites
reticulatus Cenozone and Lakadong palynological zone.

Principal constituents of the Lakadong palynological
zone are: Retialetes dubius, Dandotiaspora spp.,
Couperipollis brevispinosus, C. rarisplnosus,
PalmaepoUenltes communis, P. eocenicus, Polycolpltes
cooksonii, Triorites communis, Cyathidites minor and
some microplanktons. Sutunga assemblage differs from
the Cherra Cenozone described by Sah and Dutra (1%6)
in the total absence of microplankton and by equal
dominance of pteridophytic spore and angiospermous
pollen. The Lakadong Sandstone assemblage has
angiospermous dominance over the pteridophytic
remains Another point of difference is the poor
representation of Dandotiaspora spp. which has been
replaced by Lycopodiumsporites in Sutunga.

Tura> Formatlon-Sah and Singh (1974)
distingUished four biozones in the Tura Formation of
Garo Hills. They equated Cherra biozones with
Assamialetes emendatus Cenozone, Dandotiaspora
telonata Cenozone and Palmldltes pllcatus Cenozone
respectively in ascending order, the basal three
assemblage zones of Tura Formation. However, the
uppermost biozone-Proxapertites assamicus Cenozone
of Tura is characterised by Pro:xapenites assamicus,

Cicatricosisporites macrocostatus, Stephanocolpltes
tertlarus, Mellapollis ramant-tjam Ii, Polypodiisp0 rites
ollgocenicus, Foveotn'letes palaeocenlcus, Palmidites
pllcatus, Lillacidites major and Lycopodiumsporites
palaeocenicus. A comparison with the present
assemblage reveals that some of the marker species of
Tura are present in Sutunga in insignificant percentage.

Mikir Formation-Palynoflora of the Mikir
Formation which is the lateral equivalent of Therria
(=Cherra) Formation in the Mikir and North Cachar Hills
has been studied by Mehrotra (1981, 1983) and Mehrotra
and Sah (1982). They have established five cenozones in
Mikir Formation, which in the ascending order are
Assamlaletes macroluminus Cenozone, Dandotiaspora
dllata Cenozone, Palmidites plicatus Cenozone,
Foveotrlletes palaeocenlcus Cenozone and
PalmaepoOenites eocenicus Cenozone. The Sutunga
assemblage compares well with the Mikir Formation in
the presence of following common taxa: Foveotrifetes
palaeocenlcus, Dandutiaspora dilata, D. telonata,
Assamlasporites tertiarus, Pro:xapertites assamlcus,
Palmldltes pllcatus, P. max/mus, Lycopodlumspon'tes
palaeocenlcus and Polypodiisporites oligocenicus.
Gymnospermous pollen and dinoflagellates are absent in
both the assemblages. The uppermost Mikir Cenozone,
the Palmaepollenltes eocenicus Cenozone, is
characterised by Palmaepollenites eocenlcus, P.
communis and microplankton. These forms are totally
absent in Sutunga.

Bengal Basin-Baksi (1972) proposed seven
palynological cenozones as Bengal Palynological Zones
(I.\l1I) for the Upper Cretaceous-Tertiary sequence. The
Bengal palynological zone I ranges from Middle to
Upper Cretaceous in age and characterised by frequent
occurrence of non-aperturate grains (both tectate and
non·tectate), pteridophytic grains particularly by
Lycopodiumsporites, frequent occurrence of MuUenpollls
bolpurensis; occurrence of Spinizonocolpites is rare and
there is also definite occurrence of massulae of Azolla.
Baksi (1972) noticed some similarity between the
constituents of Palynological Zone- I with the I.angpar
Fonnation of South Shillong Front. The present
assemblage does not closely resemble Palynological
Zone I as the characteristic forms fike MuUeripollis and
Aquilapolfenltes are totally absent

The upper assemblage zone of Baksi (1972) and
Baksi and Deb (1981) is pro:xapertltes operculatus zone
of Bengal Palynological Zone- II which is characterised by
frequent to abundant occurrence of Pro:xapenites,
restricted occurrence of probable Lycopodiales,
Granulatispon'tes, Leiotrifetes, Proteacidites and more
frequent presence of spinz'zonocolpites baculatus and
other tricolpate and tricolporate grains. A comparison
with the Sutunga assemblage shows that a few genera
like Proxapertltes, Spinizonocolpltes and triletes are
common but quantitatively they are distinct from one
another.
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Matanomadh Formation-In Kachchh Basin
Matanomadh Formation represents the basal
lithostratigraphic unit of the Tertiary succession.
Palynology of this unit has been extensively worked out
by Mathur (1966), Kar and Saxena (976) and Saxena
(1978, 1979). Sah and Singh (1977) mentioned four
distinct biozones and those zones in the ascending order
are: Barren Zone, Dandotiaspora dilata Cenozone,
Couperipol/is brelJispinosus Cenozone and Sponge Zone
respectively. However, comparison with the Sutunga
assemblage indicates that Matanomadh assemblage is
more rich in quality as well as in quantity.

A survey of the literature (Sah & Kar, 1972; Sah &
Singh, 1974, 1977; Saxena, 1980; Mehrotra, 1981) shows
that the mioflorJs of Therria (=Cherra) Formation of
Khasi and Jaintia Hills, Tura Formation of Garo Hills,
Mikir Formation of Mikir and Nonh Cachar Hills and
Matanomadh Formation of westem India are homotaxial
with minor differences probably due to local factor. Sah
and Kar (1972) and Sah and Singh 0974,1977) favoured
Lower Eocene age for the coal bearing L1kadong
Sandstone Member which overlies the marine L1kadong
Limestone on the basis of palaeontological, palynological
and geological evidences. However, Sah and Singh
(1974) mentioned that the appearance of
Cicatricosi~porites, Margocolporites, Stephanocolpites and
MeLiapoLlis in L1kadong Sandstone zone is indicative of
Lower Eocene age. But none of these forms are present
in Sutunga assemblage. Rather the assemblage is
characterised by Lycopodiumsporites, Cyathidites,
Lygodiumsporites, Dandotiaspora dilata, Todisporites,
Couperipol/is, Proxapertites, PaLmidites, Tricolpites and
PoLycolpites. The significant percentage' of marker species
like Dandotiaspora diLata, Proxapertites, Triorites,
PoLycolpites (with more than 5 colpi) and Proteacidites
seems to characterise to be Palaeocene assemblage. The
Sutunga assemblage compares closely with other known
Palaeocene assemblages recovered from India. So it is
obvious that this assemblage is also of Palaeocene in age.
It may be mentioned here that Jain (1982) also dated
L1kadong Limestone Member and L1kadong Sandstone
Member as Palaeocene on the basis of dinoflagellate
cysts.
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Scanning electron microscopic study of the Archaean (> 2.6 Ga old) banded iron·formation of the Bababud.an Group,
DhaIWar Supergroup reveals the presence of coccoid and rod·shaped bacteria in syngenetic pyrite grains of the Kudremukh

iron· formation. These resemble sulphur reducing bacteria.
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lliERE has been intensive research in the area of Early
Precambrian (Archaean) palaeobiology during the last
two decades (see Schopf, 1975, 1983; Nagy et aI, 1983).
These studies are oriented towards understanding of the
antiquity of biological processes on the Earth and the
influence they have had on the evolution of the unique
atmospheric, hydrospheric and biospheric environment
that characterises our planet. The iron-formations were
dominantly deposited during the Precambrian. The
magnitude on which they were deposited during the
Precambrian has not repeated itself in the later part of
Earth's histoI)' (James, 1983). The Precambrian iron
formations have been considered as large scale sinks for
the oxygen evolved during the early part of the Earth's
histoI)' (Cloud, 1973, 1976). Photosynthesis and
photodissociation are considered to have contributed
oxygen to the Earth's ecosystem. It has been known that
some bacteria preferentially precipitate iron. In'·an effort
to look for the influence of organic activity on the
preCipitation of iron, palaeobiologists have searched for
organic signatures in the Precambrian banded iron

fonnations (BIF) for over three decades which have
yielded fruitful results (Tyler & Barghoorn, 1954; Schopf
et al, 1965; Walter & Hofmann, 1983).

Extensive deposition of iron took place during the
Archaean in India (see James, 1983; Radhakrishna et aI,
1986). These rock formations are well·developed in the
Archaean supracrustal belts of South India, where they
are designated as Dharwar schist belts (Map 1). The
Dharwar sequence has been classified by Swami Nath
and Ramakrishnan (1981) into Lower Bababudan Group
and Upper Chitradurga Group. Banded iron-formation
occurs extensively at the top of the Bababudan Group.
The ironfonnation of the Bababudan Group is well
developed in the Bababudan schist belt and in the
Kudremukh-Kodachadri schist belt of the Western Ghat
mountain ranges of South India. Deep drilling
investigations have been carried out in the Kudremukh
area in connection with prospecting for iron ore_ Some
of the drill cores from these bore-holes have not been
affected by the post· Precambrian weathering processes.
Examination of some" of the unweathered cores have

200



VENKATACHAlA el al.-BAcrcRlA FROM ARCHAEAN BANDED IRON-FORMATION 201

TECHNIQUES OF STUDY

~\\~S-"
0f:Jt!_

l~·~·

7

mm omwldIliA _

mJ IABAIlIlAlI _

I,,.

..... I"·~·

\, ~\\
,--~~

~\"

The Kudremukh iron-formation consists of
magnetite, variety of iron silicates, iron carbonates and

-; pyrite. The common occurrence of metamorphic silicate
'" minerals in the Kudremukh banded iron'formation along

with the presence of relict carbonate bands and pyrite
rich layers indicates that the primary iron-formation of
Kudrem ukh consisted of non-oxide type beds
(Srinivasan, in preparation). The pyritic and carbonate
layers are co-fold with the chert and iron rich layers
indicating that they are syngenetic sedimentary bands
(PI. 1, fig. 1). The ore minerals, both the oxides as well
as the sulphides, are euhedral af.Id appear to have
undergone metamorphic recrystallisation accompanying
isoclinal folding in the area. Some of the pyrite grains are
broken and sheared. Archaean iron-formations of
Kudremukh have been subjected to enrichment of iron
by post de(X>sitionai weathering processes. It is believed
by most workers that this enrichment is due to post
Cretaceous lateritic weathering.

Map I-Showing the localiry (After Swami Nath et al, 1981).

shown the presence of unoxidized pyrite grains within
them. One' such core from the bore-hole no. 6N/195
taken from a depth of about 63 m during the course of
our investigations has disclosed the presence of coccoid
and rod-shaped bacteria in pyrite grains.

The petrological work has been carried out by NGRl
and the palaeobiological work by the Sahni Institute.
Stubs containing the figured bacteria and hand
specimens shOwing isoclinal fold are deposited in the
Sahni Institute's repository.

GEOLOGICAL SElTING

The Kudremukh banded iron-formation belongs to
the Bababudan Group of Dharwar Supergroup. Available
geochronological data (Taylor et al, 1984) have
substantiated that the Dharwar Supergroup is older than
2.6 Ga confirming their Archaean age. The Kudremukh
iron-formation is intimately associated with metabasalts
(amphibolites) whose age on the basis of Sm-Nd
geochronology has been suggested to be 3.2 ± 0.23 Ga
(Drury et al, 1983). The rock formations of the Dharwar
craton have been metamorphosed under conditions
varying from green schist to upper amphibolite facies.
The last major episode of metamorphism which has
affected the region is considered to be 2.6 Ga. In the
Kudremukh region the grade of metamorphism falls in
the almandine-amphibolite facies as indicated by the
garnetiferous nature of the amphibolites, as well as, the
development of cummingtonite, grunerite and
magenesio-riebeckite in the iron-formation.

Scanning electron microscopy was carried out on
pyrite using the follOWing method: The bore-hole
samples were washed with dilute hydrochloric acid for
30 seconds and then 2 mm cubes were cut from different
portions of the core sample. They were repeatedly
washed with reagent grade acetqne. The washed pieces
were transferred to small glass bottles which were-also
cleaned with acetone. The bottles containing the
specimens were subjected to ultrasonic (Bransonic 221)
treatment for six minutes. Then the specimens were
repeatedly washed in acetone. After thorough drying they
were mounted on the stubs. Gold-Palladium coating was
given on a horizontal stage in vacuum eva(X>rator for 165
seconds (on 1.4 KV and 15 MA) resulting into a coating
thiclrness of 34650 A. The material was then studied on
PHIUPS 505 SEM. In all, nine stubs gave positive results.
Six of them are preserved at the Birbal Sahni Institute of
Palaeobotany, Lucknow.

DESCRIPTION OF BACfERIA

Biota that are included in this communication
consist of bacteria embedded in pyrite grains. Bacteria
that rest on pyrite as well as recrystallised chert laminae
are also recorded. Bacteria found within pyrite are
considered syngenetic with·. the host pyrite as they are
seen ingrained in the mineral (PI. 1, fig. 2). They have
also left behind their impressions on the p)'Tite grains
(PI. I, figs 3, 4). The bacteria resting on pyrite and chert
which are not included in the mineral need further study
to authenticate their syngenecity; therefore the latter are
only illustrated here (PI. 1, figs 5, 6) and are excluded
from the main discussion of this paper.
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PLATE 1

1. Isoclinal fold in banded iron·formation showing pyrite layers
(white) co·folded with iron rich (dark) and silica rich (grey)
laminae. Note that some pyrite grains have developed euhedral
outline due to metamorphic recrystallisation.

2. Subspherical to elliptical·shaped coccoid bacteria and rod·shaped
bacteria embedded in pyrite grain.

3. Coccoid bacteria and their negative impression left on pyrite.

4. Negative impression of rod·shaped bacteria in pyrite. Note cons·
triction in the middle indicating possible division of bacteria.

5. Coccoid bacteria resting on chert· layer.
6. Detail of saucer·shaped bacteria resting on chert. Note the hori·

IDOla] division of cell and equatorial mucilaginous sheath. These
resemble Thiovulum.
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SYNGENETIC BACfERIA

111e syngenetic bacteria are represented by two
morphological types (i) coccoid and Oi) rod·shaped.

Coccoid bacteria-The coccoid bacteria are nearly
spherical. Their diameter varies from 2-4 /-Lm (PI. 1, fig
3). They occur as individuals or in group of two or three
surrounded by some sheath·like material which may be
reliets~of original mucilaginous maner (not illustrated
here). These sheaths can be studied only under very
high magnification. It is proposed to take up such studies
later for a detailed account.

Rod·shaped bacteria-The rod-shaped bacteria
embedded in pyrite are illustrated in PI. 1, fig. 4. They are
1-2 /-Lm long and 0.5 /-Lm broad. Some of them show
constriction in the middle which may be indicative of
division of bacteria.

DISCUSSION AND CONCLUSION

111e presence of syngenetic carbonate and pyrite
layers in the Kudremukh iron-formation coupled with
the ubiquitous development of metamorphic iron
silicates suggests that the Kudremukh iron·formation is
composed of beds which were deposited as nonoxide
type iron·formation. The nature of the Kudremukh iron
formation or atleast some beds in them were therefore of
the nature of mixed carbonate and sulphide types. Such
iron·formations are known to have accumulated under
reducing conditions Oames, 1954; KJein, 1983).

The presence of pyrite in non-detrital sedimentary
rocks is considered to be a consequence of interaction of
microbiologically generated H2S with iron compound
leading to the formation of pyrite (Ehrich, 1981). It has
been found that some bacteria, such as the members of
the family Siderocapsaceae and Thiobacillus play an
imponant role in metabolically concentrating iron
compounds.

The morphology and size parameters of the coccoid
and rocl·shaped bacteria found in the Kudremukh iron
formation compare well with members of
Siderocapsaceae and Thiobacillus respectively (Bergey's
Mannual of Determinative Bacteriology, eds. Breed et aI,
1957, pp. 89-217). Some species of ThiobaciUus are
kno'V.'l1 to thrive and precipitate iron under reducing
condition.

SChopf (1965) reported bacteria similar to the
Siderocapsaceae from the 2.0 Ga old Gunflint cherts.
Occurrence of similar bacteria in the iron·formation of
Kudremukh indicates that such bacteria were also
present as far back as the Archaean. Elemental analysis of
this material is planned as further confirmatory studies.
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Palynostratigraphy of Subathu Fonnation (Eocene) in the
Banethi-Bagthan area, Sirmaur District, Himachal Pradesh
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Singh, H. P. & Sarkar, Samir (1987). Palynostratigraphy of Subathu Formation (Eocene) in the funethi-Bagthan area,
Sirmaur District, Himachal Pradesh, India. Palaeobotanis~ 3S (2) : 204·210.

On the basis of the qualitative and quantitative distribution of the recovered palynoflora five distinct palynological
assemblage zones have been recognised within the Subathu Formation in the funethi·Bagthan area of Himachal Pradesh. In
ascending order of stratigraphy the palynological assemblage wnes are: Todisporites spp. Assemblage Zone, Subatbua sabnii
Assemblage Zone, Cordosphaeridium inodes Assemblage Zone, Homotryblium spp. Assemblage Zone, and
Cleislosphaeridium spp. Assemblage Zone.

Key-words-Palynostratigraphy, Palynological wnation, Subathu Formation, Eocene (India).
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MEDUCOlT (1864) for the first time used the term
Subathu as "Subathu Series" for the Palaeogene
sediments of Simla Hills. He named them after the town
Subathu (30°59': 77" 1') where its type locality is
situated.

Since then difference of opinion prevailed among
the geologists regarding the exact stratigraphic status of
this rock sequence. Different authors have treated the
status of the Subathu sediments differently as Subathu
Series (Pilgrim & West, 1928; Chaudhri, 1%8), Subathu
Group (Medlicott, 1864; Pascoe, 1%4; Raiverman &
Seshavataram, 1965; Karunakaran & Ranga Rao, 1979),
Subathu Stage (Pascoe, 1%4), Subathu beds (Krishnan,
1960; Mathur, 1968) and Subathu Formation (Pascoe,
1964). Considering the recommendations of the
International Commission of Stratigraphic Terminology
Khanna (1978) formally instituted the Subathu Formation
on the evidences provided by the lithostratigraphy and
biostratigraphy.

Subathu Formation represents the lowermost marine
sequence of the Tertiary rocks in Himachal Pradesh. It is

conformably overlain by the Dagshai Formation. The
Status of the Subathu Formation in ,he present paper is
followed after the concept of Khanna (1978). The
Subathu Formation is exposed as a discontinuous
outcrop along the narrow belt running right from Jammu
in the west to the west of Dehradun in the east. The
rocks of this formation are mainly characterised by the
presence of calcareous, pale-olive, greenish-grey shales,
limestone and siltstone bands. Palynological information
from these rock sediments was scantily known until the
last decade. Few noteworthy contributions during that
period have been made by Mathur (1%3, 1%4, 1%5)
and Salujha et at. (1%9). Only in the last decade a
number of publications, viz., Mathur and Venkarachala
(1979), Khanna (1978), Singh & Khanna (1978), Singh et
at. (1978), Khanna et al (1979) and Khanna and Singh
(1979) have come out.

Singh et at. (1978) recognised seven distinct
palynozones along with one barren zone within the
Subathu Formation at its type locality (Subathu). I2teral
extension of these palynozones has also been traced out

204



SINGH & SARKAR-PALYNOSTRATIGRAPHY OF SUBATIiU FORMATION 205

AREA UND£R INVFSTlGATlON

in 7 other localities of Kalka·Simla area. In ascending
order of stratigraphy the palynozones are: (8)
Todisporites spp. Cenozone, (7) Subathua sahnii
Cenozone, (6) Cordosphaeridium multispinosum
Ceno!one, (5) HomotryVlium spp. Cencrwne, (4)
Hexagonifera spp. Cenozone, (3) Cleistosphaeridium
spp. Cenozone, (2) Barren Zone, and (l)
CycJonephelium spp. Cenozone.

In the present paper an effort has been made to
analyse the palynological data qualitatively and
quantitatively from the Subathu sedimentS of Banethi·
Bagthan area. On the basis of the available evidence, five
palynological assemblage zones have been established.

'the present palynological investigation was carried
out near Nahan in the Sirmaur District of Himachal
Pradesh (Map 1). It covers an area measuring about 48 sq
kIn betWeen 30°38'25'" and 30°.43'20" north latitude and
70 0 11'45" east latitude. It falls in the Survey of India
tOposheet map no. 53/F/6. This area is covered by a
dense forest with rugged topography. The average height
of the area is around 1200 m from M.S.L The main
drainage is tov.rards southeast. The ]alal River with a
number of tributaries (the most important being
Ghambar Ka Nala) follows the south·eastern direction.

Several traverses were undertaken at different
localities to find out the well-developed suits ofSubathu
sedimentS in this area. Efforts were also made to
understand the exact order of superposition of strata

Cleistospbaerldium spp. Assemblage Zone

Localities-Bagthan·Savar Road Section; Dagalaghat
Village-Banethi-Bagthan Road Section.

including the thickness of various lithorypes with a view
to observe the lower and upper contactS of the Subathu
Formation. On the basis of these observations four
geological sections were selected for measurement by
using standard Brunton·tape method. Colleoion of rock
samples for palynological studies was made from these
sections. The lower contact of Subathu Formation has not
been observed in anyone of the sections whereas itS
upper contact is marked by the conformably overlying
Dagshai Formation.

BIOSTRATIGRAPHIC ZONATION OF SUBATHU
FORMATION

On the basis of qualitative and quantitative analyses
of the recovered palynoassemblages, five distinct
assemblage zones are proposed within the Subathu
sedimentS of the present area of investigation. The upper
and lower limitS of the assemblage zones have been
established considering the variation patterns observed
within the spore·pollen and microplankton assemblages.
In most of the cases the lithological boundaries coincide
with the palynological boundaries and no major floral
break seems to have occurred in any of the studied
geological sections. From the distributional pattern of
different palynofloral elementS, it· is apparent that the
change in palynofloral composition from one
assemblage zone to another is recognizable. Three most
reliable parameters have been taken into consideration
for the recognition of different assemblage zones, viz.,
the first appearance, the maximum development and
lastly the decline of the various taxonomic entities. The
concept of the assemblage zone strictly follows the Code
of Stratigraphic Nomenclature proposed by the American
Commission on Stratigraphic Nomenclature 0%1).

Quantitative analysis of each productive sample has
been carried out after counting about 200 palynomorphs.
The characteristic species of each assemblage zone have
been plotted against the lithology of the standard
section. The mean value of the spore, pollen and
microplankton frequencies has been plotted under five
different suites, viz., very rare, rare, common, abundant
and predominant. The probable occurrence has been
shown by the dotted line. The following five assemblage
zones have been recognised in ascending order of
stratigraphy, viz., (5) Todi:,porites spp. Assemblage ZOne,
(4) Subathua sahrlii Assemblage Zone, 0)
Cordosphaeridilim inodes Assemblage Zone, (2)
Homotryblium spp. Assemblag('. Zone, and (1)
Cleistosphaeridiwn spp. Assemblage ZOne.

As prescribed by the Code of Stratigraphic
Nomenclature each assemblage zone together with
necessary palynostratigraphic data is given below:-IlOAD

- ...1.
--------- L..--J'"
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'...
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Map 1
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Lithology-This assemblage zone is characterised by
mostly laminated dark brown, calcareous shales and dark
brown to greenish, ferruginous splintery shales. At
Dagalaghat Section, some grey to blackish siltStone bands
are present within the shales. The thickness of this
assemblage zone varies from 34 to 50 m.

Lower contact-This assemblage zone forms the
lowermost palynostratigraphical unit of the Subathu
Formation exposed in the present area of investigation.
The appearance of thinly laminated brown calcareous
shales over light brown buff coloured clays mark the
lower contact of this zone.

Upper contact-The upper pan of the ferruginous
green to purple shale, laminated with clays forms the
upper contact of the Cleistosphaeridium spp. Assemblage
Zone. It is overlain by hard, compact purple splintery
shales intermixed with thin band of limestone at Bagthan
which contains Homotryb/ium in abundance. At
Dagalaghat Section the upper pan is generally composed
of pale olive shale over slightly ferruginous siltStone.

.Signtficant species oj this assemblage zone-
Cleistosphaeridium diversispinosum, C. Jlexuosum,
Lingulodinium macherophorum, Operculodinium
centrocarpum, Glaphyrocysta exuberans,

PlATE 1

(All photomicrographs are enlarged ca. X 500 unless Olherwise
mentioned)

I. Bireti.sporites crassus Sarkar & Singh; B.S.J.P. Slide no. 6862, coordi·
nates 14.9 X 109.5.

2. Spinijl?rites ramosus (Ehrenberg) Loeblich & Loeblich; B.S.J.P.
Slide no. 6896, coordinates 4.5 X 94.5.

3. C/eistospbaeridium jle.xuosum Davey et a/.; B.S.J.P. Slide no. 6922,
coordinates 5.5 X 85.5.

4. Dapsi/idinium pastei/.sii (Davey & Williams) Bujak et aI.; B.S.J.P.
Slide no. 6917, coordinates 21 X 113.5.

5. Pediastrum angulatus Singh & Khanna; B.S.J.P. Slide no. 8424,
coordinates 6 X 87.5.

6. Graminidites media Cookson; B.s.J.P. Slide no. 6860. coordinates
21.2 X 118.

7. Biretisporites sp. B.s. J.P. Slide no. 6862, coordinates 15.5 X 93-

8. AmtaspOra indica Sarkar & Singh; B.S.J.P. Slide no. 6862, coordi·
nates 15.5 X 93.

9. Amtaspora pseudostriata Sarkar & Singh; 8.S.J.P. Slide no. 6862,
coordinates 15.5 X 93.

10. Mono!ites sp.; B.s. J.P. Slide no. 6861, coordinates 8.2 X 79.
11. DicryophyUidiles sp.; B.S.J.P. Slide no. 6860, coordinates 11 X 110.5-
12. Biretisporites potoniaei Delcourt & Sprumont; B.S.J.P. Slide no. 6860,

coordinates 1.5 X 79.
13. Hystrichokolpoma cinctum (Klumpp) Damassa; B.S.J.P. Slide no.

6895. coordinates 14 X 107.
14. Po/ysphaeridium zoharei (Wall) Bujak; 8.S.J.P. Slide no. 6917,

coordinates 20.2 X 104.2.
15. Podocarpidites decorus Sarkar & Singh; B.S.J.P. Slide no 6925,

coordinates 14.5 X &2.3.
16. Todi.sporites rarus Sarkar & Singh; B.S.J.P. Slide no. 6861, coordi·

nates 21.8 X 97.8.

Hystrichosphaeridium tubiJerum, Subathua sahnii,
Graminidites media and Podocarpidites couperiare the
significant species of this assemblage zone. While
Adnatosphaeridium vittatum, A. multispinosum,
Hystrichokolpoma salacium and H cinctum are the
restricted species to this cenozone.

Remarks-In this assemblage zone mostly marine
forms have been recorded along with a few land derived
elementS. Cleistosphaeridium diversispinosum and C.
jlexuosum are the most dominant forms represented by
about 25 per cent of the total assemblage. Many other
dinoflagellate cyst species present here are below 2 per
cent. These are Homotryb/ium abbreviatum, H
tenuispinosum, H latirietum, Glaphyrocysta divaricata,
Suba.thua spinosa, Podocarpidftes couperi and
Tbdisporites rams which mark their first appearance in
this assemblage zone. The presence of Pediastrum spp.
is also notewonhy.

Homotrybltum spp. Assemblage Zone

Loca/ities--Bagthan-savar Road Section; Dagalaghat
Village-Banethi-Bagthan Road Section.

Lithology-This assemblage zone mostly consistS of
hard compact, dark purple splintery shales or grey

17. Operc:u/odinium. centrocarpum (Deflandre & Cookson) Wall;
8.S.J.P. Slide no. 6917. coordinates 19.5 X

17. Opercu/odinium centrocarpum (Deflandre & Cookson) Wall;
B.S.J.P. Slide no. 6917, coordinates 19.5 X 84.8.

18. Striam'letes susannae (Van der Hammen) Kar, B.S.J.P. Slide no.
6928, coordinates 7.4 X 115.

19. Pa/midites nOuiculatus Sarkar & Singh; BSJ.P. Slide no. 6925,
coordinates 14.5 X 82.3.

20. Coupenpollis capitatus Sarkar & Singh; B.S.J.P. Slide no. 6927,
coordinates 13 X 83.

21. Todi.sporites major Couper, B.S.J.P. Slide no. 6860, coordinates
20 X 77.

22. Sentllsidillium riou/tii (Sarjeant) Sarjeartt & Stover, 8.S.J.P. Slide
no. 6905, coordinates 8.2 X 79.

23. Adnatosphaendium mu/tispinosum Williams & Downie, B.S.J.P.
Slide no. 6923. coordinates 10 X 86.5.

24. Glaphyrocysta intricara (Eaton) Stover & Evin; B.5.J.P. Slide no.
6923, coordinates 14.5 X 102.

25. 77Jalassiphora velata (Deflandre & Cookson) Eisenack & Gocht;
B.S.J.P. Slide no. 6907, coordinates 19.5 X 84.8.

26. Homot1Jiblium paI/idum Davey & Williams; B.S.J.P. Slide no. 6919,
coordinates 19.5 X 78.5.

27. Subathua sahnii Khanna & Singh; B.S.J.P. Slide no. 6908, coordi
nates 12.5 X 92.

28. Thalassiphora pelagica (Eisenack) Eisenack & Gocht; B.S.J.P. Slide
no 6909, coordinates 14.5 X 98.8.

29. Cordosphaeridium inodes (Klumpp) Morgenroth; B.S.J.P. Slide no.
6923. coordinates 13 X 117.

30. Mu/tice/laesporites sp.; B.s. J.P. Slide no. 6923, coordinates 13 X 117.
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laminated shales (calcareous in nature) intermixed with
purplish grey shaly limestone. Minor partings of white
limestones have also been observed in Bagthan Section.
In Dagalaghat Section this zone is mainly characterised
by pale olive to purplish shales together with greyish
brown siltstone bands. The thickness of this assemblage
zone varies from 27 to 38 m.

Lower contact-In Dagalaghat Section, pale olive
and slightly ferruginous siltstone grades into the purplish
shales forming the lower contact of this assemblage
zone, whereas in Bagthan Section the purple splintery
shales overlie the greenish splintery shales marking its
lower contact.

Upper contact-The top layers of the shale which
are purplish to pale olive in colour form the upper
contact of this assemblage zone. Minor partings of white
limestone have been found in the Bagthan Section.

Sigmficant species oj this assemblage zone
Homotr)'b/ium tenuispinosum, H. abbreviatum, H.
pa//idu m, Hystrichosphaeridium tubijeru m,
Cleistosphaeridium jlexuosum, C. diversispinosum,
Glaphyrocysta exuberans and Graminidites media are
significant species of this assemblage zone. Spinijerites
membraneous is the only restricted species to this
assemblage zone.

Remarks-This assemblage zone is overwhelmingly
dominated by various species of the genus
Homotryb/ium (47%) whereas the abundance of
Ckistosphaeridium sharply declines from 25 per cent to 7
per cent. The distribution of many forms is less than 2
per cent. These forms are Sentusidinium rioultii,
Operculodinium centrocarpum, Glaphyrocysta
divaricata, Po/ysphaeridium subtik, Subathua sahnii, S.
spinosa, Lygodiumsporites probkmaticus, Laricoidites
himalayensis, Monoporopo//enites kasau/iensis and
Pediastrum spp. Forms like Cordosphaeridium inodes,
Distatodinium e//ipticum, Lygodiumsporites
problematicus, Laricoidites himalayensis,
Monoporopo//enites kasau/iensis show their first
appearance in this assemblage zone. Another interesting
feature of this assemblage zone is the presence of
relatively high percentage of different species of
Pediastrum (16%).

Cordospbaerldtum tnotU!s Assemblage Zone

Loca/ities-Bagthan-Savar Road Section, Dagalaghat
Village-Banethi·Bagthan Road Section.

Lithology-This assemblage zone mainly consists of
splintery purplish shales intercalated with shaly siltstone
and its thickness varies from 4 to 15 m.

Lower contact-The appearance of splintery shales
over the purplish shales with limestone partings marks
the lower contact of this assemblage zone.

Upper contact-The upper part of the purplish shale

with siltstone bands form its upper contact. It is overlain
by a limestone band which contains Subathua in
abundance.

Sigmficant species oj this assemblage zone
Cordosphaeridium inodes, Homotryblium tefzuispinosum,
H abbreviatum, H. paUidum, Sentusidinium rioultiz:
Hystrichosphaeridium tubijerum, Subathua sabniz: S.
spinosa and Graminidites media are the significant
species to this assemblage zone.

Remarks-In this assemblage zone Cordosphaeri·
dium inodes is the most dominant element which
appears for the first time in the upper part of the
Homotryblium spp. Assemblage Zone and sharply rises
from 2 to 17 per cent. The distributional frequency of
some dinoflagellates forms, viz., Spinijerites ramosus,
Glaphyrocysta exuberans, Cleistosphaeridium
divarsispinosum, C. jkxuosum and Pqlysphaeridium
subtik is less than 2 per cent. Forms like Biretisporites
crassus and Monolites sp. make their first appearance in
this assemblage zone.

Subatbua sabntt Assemblage Zone

Localities-Bagthan·Savar Road Section; Dagalaghat
Village-Banethi·Bagthan Road Section, )himroti-Banethi
Road Section.

Lithology-This assemblage zone is mainly
composed of argillaceous limestone with massive
development of grey shales with intercalation of thin
bands 'of purple shales and grey siltstone. The thickness
of this assemblage zone varies from 5 to 26 m.

Lower contact-The appearance of argillaceous
limestone 'band over the siltstone of Cordosphaeridium
inodes Assemblage Zone forms the lower contact of this
assemblage zone.

Upper contact-The uppermost part of the
argillaceous limestone band where the limestone is
mostly compact and yellowish green in colour form the
upper contact of this assemblage zone.

Signijicant species oj this assemblage zone
Subathua sahnii, S. spinosa, 7halassiphora pelagica, T
velata, Glaphyrocysta divaricata and G. exuberans are
significant species of this assemblage zone.

Remarks-Not a Single species ha.<: been found to
be restricted in this assemblage zone. It is mostly
dominated by various members of the family
Thalassiphoraceae, viz., 7halasszphora pelagica, T velata,
etc, The other species present in this zone are:
Cleistosphaeridium jlexuosum, Operculodinium
centrocarpum, Distatodinium eUipticum and Striatriktes
susannae. Each of these species are present in very small
quantiry and their percentage in terms of frequency is
never more than 2.5 per cent each, The spores of
Striatriktes susannae show their first appearance in this
assemblage zone.
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Todisporltes spp. Assemblage Zone

Localities-Bagthan-Savar Road Section; Dagalaghat
Village-Banethi-Bagthan Road Section; Jhimroti-Banethi
Road Section; Amta-Surla Briddle Path Section.

Lithology-This assemblage zone mainly consists of
alternation of calcareous grey and purple shales.
Limestone is completely lacking in this assemblage zone.
The thickness of this assemblage zone varies from 6 to
59 meters.

Lower contact-The appearance of purple shales
over the limestone band marks the lower contact of this
assemblage zone.

Upper contact-The base of the overlying Dagshai
sandstone forms the upper contact of this assemblage
zone and in most of the cases the shales are highly
purplish in nature.

Signijicant species oj this assemhlage zone
Todisporites major, T. minor, Lygodiumsporites
pachyexinus, 1. enigmaticus, Amtaspora pseudostriata, A
indica, Lycopodiumsporites amtaensis, Intrapunctisporis
intrapunctis, Osmundacidites venustus, Polypodi£lceae·
sporites reniformis, Podocarpidites decorus, Couperipollis
hrevispinosus, C. pyrispinosus, C. capitatus, Palmidites
noviculatus and P. intrajoveolatus are the significant
species of this assemblage zone.

Remarks-At the base of this assemblage zone a few
microplanktons, viz., Homotryhlium tenuispinosum, H.
pallidum, H. ahhreviatum, Hystrichosphaeridium
tuhijerum, Glaphyrocysta divaricata, Polysphaeridium
suhtlle, Operculodinium centrocarpum, Cleistosphaeri·
dium jlexuosum, Suhathua sahnii and S. spinosa have
been recorded. Each of these species is present in very
meagre quantity and their percentage in terms of
frequency is never more than one per cent. Most
probably they denote a coastal transitional environment
in between the Suhathua sahnii and Todisporites spp.
assemblage zones. At the top of this assemblage zone the
dinoflagellate cysts completely disappear and the
palynofloral assemblage is totally replaced by a trilete
rich spore assemblage. A noteworthy feature of this
assemblage zone is the sharp fall in the percentage of
Pediastrum (less than 2% of the total assemblage). Some
of the samples belonging to this assemblage zone have
yielded bisaccate gymnospennous pollen.

CONCLUSIONS

On the basis of the frequency of various
palynofossils in different stratigraphical horizons the
Subathu Formation is divided into five distinct
assemblage zones which in the ascending order of
stratigraphy are: (5) Todisporites spp. Assemblage Zone,

(4) Suhathua sahnii Assemblage Zone, (3)
Cordosphaeridium inodes Assemblage Zone, (2)
Homotryhlium spp. Assemblage Zone, and (1)
Cleistosphaeridium spp. Assemblage Zone.
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FOURTEENTH BIRBAL' SAtINI MEMORIAL LECTIJRE

The mixed Permian Cathaysia-Gondwana flora

Li Xingxue

Nanjing Institute of Geology and Palaeontology, Academia Sinica, Nanjing 21008, China

mE' reasons for my talking about the mixed flora
problem here are threefold; first, as you are well aware,
early in the middle of thirties, late Professor Birbal Sahni
(1935, 1936) had furnished elaborate explanations about
the formation of the sub-continent of South Asia and the
Qinghai-Xizang (Tsinghai-Tibet) Plateau as well as the
subdivision of palaeophytogeographical provinces of East
Asia. Second, it is a very interesting problem relating to

many branches in geology, geography and biology and
deserves special attention and funher study. And third,
some important new ideas were put forward during the
last decade on the Qinghai-Xizang Plateau through
investigations made by Chinese and foreign scientists.
Therefore, I consider it appropriate to summarize the
relevant data available with the hope that it might throw
some light on this obscure problem and stimulate new
researches. However, because the mixed flora problem
concerns with many complicated subjects and has long
been in dispute, some scholars even deny the
OCcurrence of any mixed flora during geological times.
Thus, what I am submitting here is preliminary and far
from complete.

BRIEF REVIEW OF RELATED MIXED FLORAS
OUTSIDE CHINA

Hazro flora (Turkey)--The Hazro flora of Anatolia
in Turkey (Map 1) has been one of the most attractive
known mixed floras (Wagner, 1959, 1962) There is little
dispute to the remarkable Cathaysia nature of this flora;
some authors, however, doubt identifkation of some
specimens as glossopteris, a representative of the
Gondwana flora Archangelsky and Wagner (1983) reo
investigated the original collection and complementary
specimens obtained from the same I<x:aIi ty. 111e plant
remains originally assigned to Glossopteris d. stricta has
been identified as Glossopteris anatolica sp. nov.; and
another genus Botrychiopsis, also a common memher of

the Gondwana flora, was recognized with certainty. Now
it seems acceptable that the Hazro flora is a mixed flora
with double aspects of both Cathaysian flora and
Gondwana flora.

Unayzah flora (Saudi Arabia)--The Unayzah flora
was found in the central part of Saudi Arabia and also
attracted much attention among those who are interested
in the research of mixed flora. The earliest account (El
Khayal et aI., 1980) suggested that it was a typical
Euramerican flora without any reliable elements of
CathaySian flora or Gondwana flora. But subsequent study
(Lemoigne, 1981) demonstrated that it is really a mixed
flora, containing such important Cathaysian
representatives as Annularis mucronata Schenk,
Lobatannularia cf. beianensis (Kod.), Fasclpteris ballei
(Kaw.), etc. associated with "Northern" elemenls. The
memoir of a comparatively systematical study for this
flora by Wagner and others (pers. comm., 1984) has
been sent to press. Although the detailed content we do
not know, yet my colleague Dr. Zhou tells me that he
had an opportunity to observe the Wagner collection
from the same locality at Sheffield University. He
recognized with confidence the presence of Cathaysian
elements, e.g. Gigantonoclea, etc. in this tlora. Of course,
there are other northern elements in the flora. At present,
it is difficult to judge whether this flora contains
Gondwana elements? The specimen with loose reticulate
venation identified by Lemoigne (1981) as Zamiopteris
(?) sp. is a doubtful plant. Considering the presence of
Glossopteris in the Hazro flora north to the Unayzah flora,
I think it highly possible that Gondwana elements may
be found in the Unayzah flora. Now it would seem that
the traditional view to regard the Arabian Peninsula as a
part of the Gondwanaland has lost its basis, as the
occurrence of the mixed Permian flora in this area is
beyond doubt. The presence of some Cathaysian
elements in Central Saudi Arabia is not unexpected,
because several Permian Cathaysian species, e.g.
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2 Unayzah(Saudi Arabia) 5. Qubu(Tib~t China) 8. Guadalcanal(Spoin) 11. Nueva Lubecka Chubut
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Himalaya) (Soviet For East) 12. Parana (Brazil)

Map I-World map showing distribution of Permian floral provinces (doned lines indicate only the approximate boundary of floral provinces).

Plagiozamites oblongtjolius Halle have been also
discovered in Iraq (cryroky, 1973), a neighbouring
country to the Hazro flora of Turkey as mentioned above.
Consequently, a question in front of us is that what kind
of flora occupied the vast area of nonhem Africa to the
west of the Red Sea?

Mamal flora (Kashmir)-According to Singh, Maithy
and Bose (1982) in this flora some representatives of the
Cathaysian flora, i.e. Lobatannularia enstjolia Halle,
Rajabia mamalensis sp. nov. and Sphenophyllum thonii
var. minOr Sterzel, are found in association with typical
elements of the Gondwana flora, i.e. Tn·zygia speciosa
Royle, Glossopteris intermittens Feistmantel and G.
angusttjolia Brongn. Below the strata containing the
Mamal mixed flora and separated by the Panjal Volcanic
Series is the Nishatbagh Formation containing
Glossopteris flora; beneath the Nishatbagh Formation is
the Agglomerate Slate Formation which is Widely spread
in Kashmir Himalayas and possibly of late Carboniferous
age.

The discovery of the Mamal mixed flora and the
stratigraphical succession in the Nishatbagh area is very
interesting and significant to the study of stratigraphy and
palaeontology of the central and southern pans of Tibet
and I will touch it again later.

Mixed flora of tbe Souiet Far East-The discovery of
mixed Permian flora in a place near Vladivostok,
southern Primorye of the Soviet Far East is a matter of
great interest (Zimina, 1967, 1969, 1983). The most
prominent feature is that this flora includes many typical
Gondwana plants, such as Glossopteris, several neW forms
of Gangamopteris and Palaeouittaria and another known
species, Euryphyllum whittanium Feistmantel. Secondly,
it is interesting that this flora includes such Cathaysian
species as Labatannularia heianensis (Kod.) and
Pecopteris (Asterotheca) orientalis (Shenk) in association
with some Angaran and Euramerican elements. This flora
is divided into three-urrer, middle and lower
assemblages, occurring in about 3,000 In thick marine·
continental intercalated deposits. The lower assemblage
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is mainly composed of Angaran of Early Permian age.
TIle middle assemblage is dominated by. taxa of the
Gondwana flora associated with a few Cathaysian
elements and is dated as late Early Pennian to early l.2te
Permian. TIle upper assemblage is distinguished by a few
Cathaysian elements but without any Gondwana taXon.

The age detennination of these assemblages and the
presence of Cathaysian elements seem reliable because
Burago (1973) also reponed the discovery of floras
equivalenr to those of the Upper and Lower Shihhotse
formations of North China in the same district (not far
from the north to Vladivostok). Why almost all the
Gondwana elements in thiS flora are new species? Why
this mixed tlora occurs in the velY north-eastern Asia, and
why a vast area separates this place from the currently
known distribution of Glossopteris tlora? All these
phenomena need retlection.

Flora of Western Gllinea-Jongmans (1940) first
reported the occurrence of a mixed tlora in New Guinea.
Subsequently, Visser and flem1es (1962) reported the
presence of Glossopteris and Vertebr'aria associated with
a few Cathaysian elements in the east of western New
Guinea, while Asama and others (1975) doubt the
presence of latter. Recently I received from Dr J. Rigby
rwo photos of fossil plant fragments obtained from
western New Guinea which he suspects are Cathaysian
elements associated with Gondwana elements. I believe
they can be identified as Gigalltonoclea sp. and
FasClptens sp.; thus the presence of Cathaysia Gondwana
mixed Pernlian tlora in this area is proved, though I am
not very clear about the geological relations of the fossil
site.

Guadalcanal Flora of Southeastern Spain-This
tlora, through the palaeobotanical and palynological
study made recently by I3routin (1981, 1982), is
considered to be mixed tlora containing Angara,
Cathaysia, Gondwana and Euramerica elements. TIlis area
refers formerly to the Euramerican tloristical province, so
that the Euramerican elements need not to be listed. The
remarkable feature of this tlora is the presence of
Cathaysian elements, i.e. PrOloblechnum wongii Halle d.
Fasicpteris (Validopteris) robU~12 Gu et Zhi Sphenopteris
pseudogermanica Halle and Lobatannularia-rype, etc.
The species that is more or less comparable with the
Gondwana Permian element is Ginkgophytopsis sp. cf. G.
kidstonii-rype cf. Entsouia sp. shows some affinity with
the Angara tlora. In addition, there are RhlPidopsis
baetica, R. ginkgoides, Pbyllotheca sp. and Psygmophyllum
spp. which are common components of the above
mentioned three tloras.

The palynological result coincides quite well with
that of the macrotlora study as to the nature of the tlora.
In this paper, Broutin simpJy mentioned a similar mixed
tlora found from Algeria in northern Africa. A formal
article for the tlora by Doubinger is in press.

There seems to be little doubt that Guadalc<1l1al tlora

has some Cathaysian elements; however, the presence of
Angara or Gondwana elemenls in the tlora has not yet
been proved. One can hardly judge such plants as
Rbipidopsis ginkgoides and Psygmophyllum belonging to
any phytogeographical province, and the determination
of these plant taXa is often difficult.

Wankie flora in Zimbabwe-The Wankie tlora has
been well known as a mixed Pernlian tlora consisting of
elements of both southern and northern Hemisphere
rypes (Walton, 1929). Teixeira (1949, 1952), l.2ceyand
Huard-Moine (1966), l.2cey and Smith (1972) and others
successively went to the original locality in Zimbabawe,
and also investigated the equivalent strata in
Mozambique and Malawi in some detail. Although some
additions or changes about the composition and
identification of the Wankie tlora were made by these
authors, however, there is no dispute about the nature of
tlora which is dominated by Gondwana elements and
mixed with quite a number of northern hemisphere
elements, including Cathaysian ones. Some "northern"
elements which Walton originally mentioned without
confidence, are also confirmed by l.2cey and others; for
example, they recognized the presence of PecopterIS
arCliata Halle in this tlora. The Wankie material, both
sterile and fertile, under this designation, in my opinion,
differs in venation and fructification of the typical
specimens of Halle's species described from China.

Mixed floras ofSoutb America-The mixed Permian
tloras have a wider distribution In South America
(Archangelsky, 1958, 1970, 1971; Arch::mgelsky & Sota,
1960; Archangelsky & Arrondo, 1975). Nueva Lubecka of
Chubut, Leona of Santa Cruz, and Central Patagonia in"
Argentina, and the Parana Basin in southern Brazil are
among the more famous localities. One of the most
prominent features of the Glossopteris tlora in these area
is that in addition to many Euramerican elements, e.g.
Spbenophyllum tbonii Mahr, S. cf. oblongifolium (Germ.
et Kaulf.) and Pecopteris unita Brongn., there are a few
representatives of the Cathaysian tlora, e.g. Pecopteris
(Asterotbeca) anderssonii Halle in the Lubecka
Formation of Argentina and Chimptens reniformis Kaw.
in. the Tubaro Formation (or Tatui Formation of Rigby,
1970), Parana Basin of Brazil. The composition of these
tloras in South America is largely the same as that of the
Wankie tlora in South Africa, and the present
geographical position of both areas is Widely separated
by the Atlantic Ocean. l.2cey and Huard-Moine (1966)
suggested that both show a close affinity with the
Cathaysian tlora of East Asia. Archangelsky and others
(1975), on the other hand, are inclined to combine tloras
in South America and South Africa with the coeval tloras
in Australia, and inlay the relevant ancient plates together
as shown in their new Paleotloristic Province
Austroafroamerican-which has characters of its own.
However, these assumptions seem to deserve further
consideration.
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RECENT STUDIES ON TIlE MIXED FLORAS OF
XIZANG, CHINA

1. The Xiagangjiang mixed flora in Central
Xizang--This interesting flora has been recently studied
by Li et al (in press). It is most probably lateSt Early
Permian in age. It is situated approximately at 32°26'N
-84 0 IS'E, a locality about 120 km southeast to the
Gerze city (Map 2). The plant·bearing horizons and
generalized Stratigraphic columnar section of
Xiagangjiang area are shown in Text-fig. 1.

The plant remains are all preserved as impressions
and seldom well preserved enough for a specific
determination. Anempts at cuticular preparation and
palynological analysis for the material have been made,
but yield no results. The identification of 17 species or
types of the flora listed in the following is based merely
on their macroscopic features.

Phyllotheca sp. (cf. P. australis group)
'Schizonellra sp. (d. Schizoneura gondwanensis

Feistmantel)
Indeterminable arthrophytic leaves'
Sphenopteris xiagangjiangensis sp. nov.
Sphenopteris sp.
Pecopteris aff. arcuata Halle
Pecopteris sp. 1 (? sp. nov.)
Pecopteris sp. 2
Pecopteris sp. 3
'Alethopteris sp.
Noeggerathiopsis hislopii (Bunbwy)
Noeggerathiopsis sp.
?Squamous leaf
?Plagiozamites oblongifolius Halle
Cardiocarpus sp. 1
Cardiocarpus sp. 2
Carpolithus sp.

At the first glance, the Xiagangjiang flora does not
show a close ~elationship with any known Permian flora.
However, in the dominance of strongly ribbed
arthrophytic stem-casts Phyllotheca sp. and 'Schizoneura
sp., and cordaitalean leaves, i.e. Noegge-rathiopsis spp.,
bears a striking resemblance to that of the Glossopteri?
flora; they are very rarely found in the Permian
Cathaysian flora. Another distinctive feature of the flora is
the relatively rich occurrence of Pecopterids and
Sphenopterids, which remind us also of a floral aspect of
the Permo·Carboniferous of northern hemisphere. Of
particular interest among these forms is a specimen
named Pecopteris aff. arcuata Halle which distinguishes
itself by a venation of P. unita-type. Pecopterid plants
with this type of venation have never been found in the
typical Glossopteris flora. [n this connection, it seems
appropriate to point out that a specimen from southem
Xizang (Tibet) described by Hsu (1976) as
Dichotomopteris qubuensis bears also the venation of P.
unita-type, which, in my opinion, probably is conspecific

with P. aff. arcuata of the Xiagangjiang flora. Another
specimen from Xiagangjiang, i.e. 'Plagiozamites
oblongifolius Halle might show a certain relationship
with the Cathaysian flora, too.

In the tectonic region in the nearby area, where the
Xiagangjiang flora occurs, some Blaini type glacial
deposits and cold water invertebrate assemblages such as
Eurydesma fauna have been found (Liu et ai, 1983).
Furthermore, the stratigraphic succession, mainly of the
Permian, in the Xiagangjiang area corresponds rougly to
that of the Mamal mixed flora in the Nishatbagh area of
Kashmir. The Xiagangjiang flora is thus considered to be
a mixed Permian flora, although the. total absence of
either typical Gondwana genera such as Glossopteris and
Gangamopteris or the Cathaysian gigantopterids,
Lobatannularia and Tingia in the Xiagangjiang area is a
noteworthy feature.

2. The Qubu flora of southern Xizang (Tibet~

This flora has attracted much anent ion due to its
importance in geo·tectonics and palaeobotany (Hsu,
1973, 1976, 1978, 1981). It was thought to be typical
Glossopteris flora. However, Singh and others (1982)
transferred the specimens originally identified as
Raniganjia qubuensis Hsu to LObatannularia, an
important Cathaysian genus; they also pointed out that
the Mamal mixed flora found in Kashmir "show close
similarity with the assemblages described by Hsu (1973,
1976) from... southern Xizang". ObViously, they doubted
somewhat the typical nature of Glossopteris flora of
Qubu. In 1983, I published a paper "Notes on the three
new species of the Glossopteris flora from Qubu
Formation, S. Xizang", with the conclusion that this flora
Jhould be dated as late Early Permian instead of early
Late Permian as originally advocated. Besides, as has
been mentioned above, the so·called Dichotomoptens
qubllensis in the Qubu flora is probably conspecific with
Pecopteris aff. armata in the Xiagangjiang flora. In the
following, a discussion will be made on the close
similarity between several specimens orip,inaJly identified
as DizclIgotheca qllbllensis HSll of the Qubu flora and
some specimens of the Wankie mixed flora from
Zimbabwe in South Africa. Thus, whether the Qubu flora
is a typical Glossopteris flora or a mixed flora must be
reconsidered. I think the latter assumption is more
probable. But due to the true nature of this flora having
great influence upon the approaches of geo-tectonics
and palaeobiogeography, for caution's sake, I think it
wiser not jumping at conclusion about this problem at
this moment.

SOME REMARKS ON THE MIXED FLORAS

The preceding review of the relevant mixed floras
indicates that one of the most remarkable features is that
Wankie flora of south Africa and its corresponding mixed
floras of South America appear to show a closer affinity
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with the Cathaysian than with Euramerican flora.
However, this depends on the reliability in identification
of some relevant plant taxa. Therefore, some remarks
should be made here to certain significant or debatable
species listed in Table 1 (Numbers in brackets refer to
those shown in the Table):

1 Specimens described by Archangelsky (1960) as
Sphenophyllum thonii from Chubut of Santa Cruz,
Patagonia of Argentina, are found by Srivastava and Rigby
(1983) to be distinct from the Euramerican plant. They
are placed under a new species S. archangelskii.

2. Forms described under Sphenophyllum thoni/var.
minor Sterzel by Walton (1929) from the Wankie District
of Zimbabwe, by Teixeira (1946) as S. thonii from
Mozambique, and by Arrondo (1972) as S. {bonii from
Argel1lina are considered by Srivastava and Rigby (1983)
to be a new species S. waltonianum.

3 It seems to be doubtful whether the form
Pecopteris (Astel'Otheca) anderssonii found in Argentina
has any real affinity to Cathaysian species_ The type
specimens of the latter are distinguished by the slightly
lobed based pinnules and more divided lateral veins.

4. The Xiagangjiang form, Pecopteris aft'. arcuata
with a venation of Pecopteris unita-type, in my opinion,
is probably identical with the specimen described by

Hsu (1976) as Dichotomopteris qubuensis and also more
or less resembles the specimen named P. unita by
Walton (1929) from the Wankie flora.

5. Both the sterile and fenile specimens of the
Wankie flora regarded by Licey and otheJ;S (1966) as
Pecopteris arcuata Halle and those originally assigned by
Walton (1929) to P. unita from emarginata (Goepp_)
resemble so strongly in shape, size and venation the
material described by Hsu (1976) as Dizeugotheca
qubuensis from the Qubu flora that they may be of
specific .identity with one another and represent a new
form of Pecopteris. The Qubu specimens have been later
named Pecopteris qubuensis (Hsu) Li (1983, p_ 138).

6. Rigby (1970) has expressed the opinion about
the Brazil form described as Chiropte1-is remJonnis Kaw.
that its specific identity is probably not entirely free from
doubt.

Judging from the above remarks, one can see that
the true relationship between the southem and nonhem
floras as indicated by the presence of Cathaysian or
"Nonhem" elements in South Africa and South America
is somewhat doubtful. Then how about the view point
for the mixed floras concemed that has held by some
palaeobotanists should be? Is it groundless? I don't think
we can arrive at this conclusion for the time being,

Table I-Some significant Cathaysian and "Northem" elements of the mixed Permian floras
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because the distribution pattern of these elements, the
close resemblance in floral composition among different
sites as well as the presence of some species closely
similar to those of northern hemisphere all point to the
fact that these characteristics cannot be considered to be
from any accidental event. Even judging only from
morphological features of the megafossil plants is not
meaningless. For example, a commonly presented
pecopterid plant with a venation of Pecopteris unita-type,
the Widely distributed Sphenophyllwn thonii or S. thonii
var. minor of northern hemisphere and the superficial
likeness of some other anhrophytic plants-all of these
have not been found in the typical Glossopteris flora
indeed, and appear to indicate a special aspect of mixed
flora The imponance of these elements thus should not
be overlooked.

Be~des, another pecopteroid form (not listed in
Table 1), i.e. the socalled "Pecoteris phegopteroides
(Feistmantel) has been found in the Hazro and Unayzah
floras. The likeness between this plant and Dizeugotheca
phegopteroides of Gondwanaland seems to be superficial.
The specimens of the Hazro flora have recently been
transferred to Pecopteris nitida Wagner (Archangelsky &
Wagner, 1983, p. 89). The Unayzah specimens seem
probably to have nothing to do with true Asansolia
(Pecopteris) phegopteroides (Feistmantel) Pant & I2ta,
1976, either.

It should be mentioned here that the occurrence of
many species of Sphenophyllum in the mixed floras of
South Africa and South America, represented by S. thonii
and S. cf. oblongifolium, etc. was once considered to be a
curious phenomenon by I2cey and others (1966, p. 24)
and they wrote: "The curious assemblage of
Sphenophyllum alone suggests that the affinity of the
Wankie flora is closer to the Ca.haysian than the
Euramerican flora."

Of course, more emphasis should be laid on the
presence of such plants as Lobatannularia,
Gigantonocka and Fascipteris which indicate a true
affinity with the Cathaysian flora; especially the impoltant
genus Lobatannularia which is not only Widely
distributed in the Permian floras of Hazro, Unayzah,
Mamal, Qubu, Guadalcanal and the Soviet Far East, but
often occurs in the Nanshan (Qilianshan) mixed flora of
CathaYSia-Angara type and in the southern belt of the Far
East subprovince of the Angara flora (e.g. the Dzungaria
Basin in Xinjiang and Ichun in Heilungjiang, China). It
appears that this kind of arthrophyte has a high
adaptability' to different ecological environments: it
possibly often played a pioneer role as a representative
of the Cathaysian flora when the floras migrated or
mixed together with the change of ecological conditions.
Thus, in some mixed floras they are found as individual
"stray elements" of the Cathaysian flora.

One can see from the above discussion that
although the idelltification of some taxa among the

mixed floras is doubtful, the significance of their being
taken as indicators of a given flora should not be strongly
reduced. Some plants mentioned above, i.e.
Sphenophyllum waltonianum, S. archangelskii, Pecopteris
aff. arcuata (or P. qubuensis) and "Pecopteris
phegopteroides", might be taken as indicators of the
mixed Permian Cathaysia Gondwana floras.

DISTRIBUTION AND ORIGIN OF THE MIXED
FLORAS

The Permian floras of the Wankie District of
Zimbabwe, of Santa Catherina, Argentina and the I)arana
Basin, southern Brazil have long been accepted as mixed
floras dominated by Gondwana elements in association
with nonhem elements. However, little discussion has
been given to their distribution area, mutual relation and
origin.

Since the sixties, different assumptions have been
put fOtward by many scientists, e.g. Wagner (1962),
Chaloner and Meyen (1973), Plumstead (1973),
Lemoigne (1981), Archangelsky (1975) and Broutin
(1981) on the palaeophytogeography of the southern
and northern floras to the migration direction of the
relevant floras and the formation of the mixed floras
during Permian time. However, most of those
assumptions are too Simple to explain such complicated
problem.

The Permian phytogeographical distribution is
shown in Map 1 (including the mixed floras). This is
based on the previous works combined with the data
derived from Qinghai-Xizang Plateau of China during the
last decade. It also attempts to discuss respectively the
origin of the mixed floras according to different areas or
different geographical position.

Asia and its neighbouring areas

As shown in Map 1, the distribution area of the
mixed floras in Asia would be largely restricted to the
presumed Median Plate supposed by Ii Chun-yu and
others* (1982, 1983). If we reconstruct the Qinghai
Xizang Plateau, the Himalayan ranges and the Indian
Shield into their original manner during Permian, this
belt or the Median Plate approximately would lie in an
east-west direction between the Gondwanaland and the
Eurasian Plate. And judging from the plentiful data about
the sedimentary facies and invertebrate faunas in the
QinghaiXil.ang Plateau and Ilimalayas, the se\'cre cold
climate in Gondwanaland had been persistently
prevailing till the beginning of the Asselian-Sakmarian
epochs. The climate became warmer towards the end of

°It does not resemble those cominen131 plates which are usually
composed of one or some nuclei, but consists of a cluster of
microcominems separated from Gondwanaland and [hen welded
together through imeractions of Eurasian and Arabian-Indian Plates
(after Li Chun\'lI el al. 1982).
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Text-fig. I-Generalised columnar stratigraphic section on the
Xiagangjiang area of Gerze and Cagen counties.
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Sakmarian. Since then, warm water faunas abundantly
flourished at the Artinskian epoch, while cold water
faunas only occasionally developed-these indicate that
a Warn1 or subtropical climate prc\'aiJed in thc Median
Plate area. The background leading to this change is the
global regression at the end of Early PC1111i:.Jn on the one
hand and, on the other, the Stalt of the drift of Indian
Subcontinent (once a part of the Gondwanaland) anu
the southern part of the Qinghai·Xizang Plateau since
Late Carboniferous from the main hod)' of
Gondwanaland which drifted successively nOlthwarus to
the warm-subtropical area,

Such ecological environment and time·space
relations provide natural conditions for the formation of
mixed floras through mutual connection and migration
of some elements came from essentially different floras
of the southern and northern continents during Permian
Period.

Based on these considerations, here I first attempt to
give an explanation for the formation process of the
mixed floras of Tibet and its neighbouring areas (Map 2;
Text·fig. 2).

1. The Bangongco·Dingqing Suture Zone is
tentatively considered by the writer to represent the
Palaeo-Tethys lying between Gondwanaland and ancient
Eurasia. All tectonic regions south of this Zone formed,

Text-fig. 2-Schematic cross section from North Antarctica to Xizang
(Tibet) mainly iliustrating activity of Plates in Tethys-Hi
malaya Tectonic' Domin_

together with the Indian Shield, partS of Gondwanaland
which was situated near the Antarctic Region in Late
Palaeozoic.

2. They drifted northwards in Late Carbonif~rous,

crossed the Equator in e'drliest Permian and finally,
highly probably, collided with the Tanggula Tectonic
Region in Late Early Permian.

3. After the collision, the Permian flora that
originally flourished in the C:.Jth;l\-sian South SubproVince
might have migrated southwards across the Bangongc0
Dingquing Suture Zone first to meet the Glossopteris
flora in some places, such as Xiagangjiang in central
Xizang, where the laner flora had flourished,

4 Meanwhile or slightly later, the successive and
continuous southward migration of the Cathaysian flora
and its intermingling with the local flora of southern
Xizang produced the Qubu Glossopteris flora; but only a
few forms of the Cathaysian flora survived in the Qubu
flora. This was either due to somewhat severe natural
conditions, or because the Qubu area stands so far away
south of the original sites of the Cathaysia flora that only
those forms with highly adaptive ability were able to
arrive here and survive.
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5. As for the Indus-Yarlung Zangbo Suture Zone it
has now become relatively clear that it started from the
Middle-Uite Triassic onward. A great fracture occurred
with the expansion of the sea floor and a Mesozoic
Ocean or Mesotethys was progressively fonned; from the
late Cretaceous onward, this ocean began to reduce and
the crust plate quickly drifted northward resulting in
subduction. This suture zone did not come into being
until both crustal plates, to the north and south of this
line, collided in the latest late Cretaceous or the earliest
Tertiary. In short, this suture was fonned only after the
existence of the mixed Pennian flora in the Himalayan
Southern Xizang Region.

As mentioned above, the Kashmir MamaI mixed
flora lies in or very near to the Indus-Yarlung Zangbu
Suture Zone; the fonnation of this flora could naturally
be explained by the same plate tectonic history as that of
Xizang (Tibet). Singh et al (1982, p. 220) expressed a
somewhat similar view to the Median Plate assumption
in explaining the origin of the Mamal mixed flora. They
wrote: "This naturally raises the question whether there
was a separate landmass between the Cathaysia on the
north and the Gondwanaland on the south".

Western Asia and South-western Europe

The mixed floras in this area include those found
from Hazro in Turkey, Unayzah in Saudi Arabia and
Guadalcanal in southwestern Spain. Either in
geographical position or in tht:, main floral composition,
these floras stand very close. Wagner (1%2, fig. 1) is
inclined to call the area which covers Turkey, Spain and
North Africa next to the Mediterranean Sea-the Penno
Carboniferous Equatorial Belt. Now the Unayzah mixed
flora has been found in the Arabian Peninsula, the
southern boundary of Wagner's belt naturally can be
extended southward. Accordingly, the whole North Africa
could be regarded as a part of the Mixed Floral Province.
The background of the fonnation of the mixed floras in
this area is possibly similar to that occurring in Tibet
Himalayas. Of course, the concrete process can not be
inferred until the tectonic situation and the type of plate
movement is understood.

The Soviet Far East

Zimina (1983) attempted to explain the migration
route of Glossopteris and Gangamopteris etc. of the flora
of Soviet Far East through the Cathaysian floral Province
in the mainland China. This is obviously very difficult
and unacceptable.

I consider we could explain this puzzle-why
Glossopteris, etc. are present in the northeastern comer of
Asia in another way according to Plate Tectonic Theory
and some geological and palaeontological phenomena
observed from japan Isles.

Using the Plate Tectonic theory and palaeomagnetic
data, McElhinny et al (1981) inferred that the Asian

Continent was quite different in Pennian from what it
appears today. It was composed of several isolated
palaeo-blocks distributed in different pOSitiOns in the
Tethys or Proto-Pacific (d. McElhinny's fig. 1). The
"Sikhote Alin" block, where the mixed flora under
discussion existed, lies in a place around 30 o N, as shown
in their late Pennian phytogeographical map. To the
west of, and not far from, it was ,the ''Tarim'' (including
the Dzungarian basin) palaeoblock in Xinjiang, China;
while to the east was the "Southeast Asia" palaeoblock
(south China included) separated by sea.

If my explanation about the fonnation of the mixed
flora in Tibet and Himalayan Kashmir could be applied
here, and the "Sikote Alin" palaeoblock be presumably
extended back to Middle-late Carboniferous, then this
block together with northeastern Africa and Arabian
Peninsula would be a part of the Gondwanaland in I.ate
Pennian resulting in a situation as shown in McElhinny's
figure 3. In this case, the "Sikhote Alin" palaeoblock
possibly the I.ate Pennian Angara Far East subprovince
belonging to the ''Tarim'' bzungaria block on the one
hand and stood close to came into contact with some
Cathaysian elements migrated from the "Southeast Asia"
palaeoblock on the other; consequently, a peculiar
mixed flora with three aspects of Gondwana-Cathaysia
Angara floras took shape. The "Sikhote Alin" block
continuously drifted no'rthward in Mesozoic and finally
to the present position in Cenozoic and conjugated with
the Asia mainland into a huge mass along the folded
belts fonned in I.ate Mesozoic. In this regard, the paper
given by McElhinny and others also mentioned that
japan and Southeast Asia were also connected together in
Pennian and positioned near the Equator; subsequently
it moved northward progressively until arriving at the
present position.

It should be pointed out that the concept "japan" as
used by McElhinny and others is much encompassing for
explaining its geological history. As currently recognized,
the Penno-Carboniferous strata of japan are mainly
marine and hence unfavourable for preservation of fossil
plants; only a few Cathaysian elements of late Early
Pennian to I.ate Pennian age were occasionally found.
However, the Mesozoic floras and related strata of japan
are well documented through detailed investigation;
based on which the japan Isles can be divided
palaeobiogeographically and tectonically into two
distinct zones: the Inner Zone (near the Asia mainland)
and the Outer Zone (toward the Pacific Ocean). Taking
the I.ate jurassic Early Cretaceous floras as an example,
here we have an Inner Zone Tectori-type flora and an
Outer "Ryoseki"-type flora, and they are entirely different
either in floral composition or in the source material of
the plant bearing strata. It was thought that this
difference was due to age discrepancy, now it has
become clear that it is not the case. Other assumptions
do not lead to a reliable result either. Recently some
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Japanese scientists (e.g. T. Kimura, pers. comm., 1982)
are also inclined to rely the data given by McElhinny and
others, and suggest that the Outer Zone was originally a
fragment of the Gondwanaland at the beginning of
Permian and then it drifted northward and conjugated
with the Inner Zone which once existed as the marginal
part of the main continent. This background thus leads to
the great difference geologically and palaeontologically
between the Inner and Outer Zones. This difference is
clearly shown in the map "Floral Provinces of'Tectori'
type flora and 'Ryoseki'.rype flora during Late Jurassic
Early Cretaceous prepared by Kimura (1979, 1980). More
interesting is that· a locality with 'Ryoseki'-rype flora
inserted strangely into a place near Vladivostok where it
seemed to belong to the Inner Zone. This is quite similar
to the mixed flora of the Soviet Far East under
discussion. It is very likely that both of them belong to
the 'Sikote Alin' palaeoblock Of course, the presumption
here I present needs to be verified in the future.

Western New Guinea

This is a very complex place where several big
plates and some tectonic fracture zones were passing
through or conjugated together. The regional geology
related to the mixed flora is not yet clear and SO any
inference must be premature. However, this site is not
very far from Djambi in Sumatra which has yielded a
Cathaysian flora and stands as its southern most reach
adjacent to the northern part of the Australian Plate.
Furthermore, if the Qinghai-Xizang Plateau and the
Indian shield be reconstructed to the earlier situation, Le.
prior to their northern subduction, compression and
folding, then New Guinea would possibly belong to the
eastern extension of the U's Median Plate. In this kind of
transitional belt the Gondwana-Cathaysia mixed flora is
not unexpectable. Rigby (pers. comm., 1983) is inclined
to explain the occurrences of this mixed flora that the
only way this could have happened is based on the
reconstructions (Plate 6) given by Carey (1982) for the
expanding earth theory.

South~astern Africa

Lacey et aI. (1966, p. 23) wrote "The nearest
comparison of the Wankie flora is certainly with the
Cathaysia flora of Shansi in China, described by Halle
(1927)". Discussing the close similarity between the
Wankie flora and the contemporaneous mixed floras of
Santa Cruz, Argentina they pointed out again, "The
curious assemblage of Sphenophyllum species alone
suggests that the affinities of the Wankie flora are closer
to the Cathaysia than the Euramerica flora". On the other
hand, another fact should not be overlooked that is in
the South Asia Subcontinent proper which is near to the
northern Cathaysian flora province; no Cathaysian
elements have been reported here in the Glossopteris
flora. Such curious relations like a Chinese saying, "far

and wide for what lies close at hand" how did it happen?
In discussing the development history of the Wankie
flora in South Africa, naturally one can not avoid
answering this question.

I don't know the detail of the geological history of
south·eastern Africa but from Map 1 we can see that the
Arabian Peninsula, which has the Unayzah flora with
many Cathaysian elements, is separated from the
northeastern Africa only by the recently formed rift of the
Red sea. Many Cathaysian and/or other "Northern"
elements in the Unayzah flora, under favourable
conditions, naturally could move southward to
Zimbabwe and its neighbouring areas to intermingle
with the local Glossopteris flora. This might be how the
Wankie type mixed flora happened.

Besides, one can see from the "Late Permian
Continental Reconstruction" by Scotese and others
(1979; see Condie, 1982, p. 192, figs 9, 7) that the
Arabian Peninsula is close next to the northwestern
comer of Africa, while India and Madagascar insert
obliquely between the main Gondwanaland (through
conjugation of South Africa and South America) and
Antarctica. There is a quite wide ocean between India
and Tibet plus Turkey-Iran palaeoblock If these tectonic
units or blocks which are the components of U's Median
Plate began to be separated from Indian Plate in Late
Carboniferous, as some new data indicated and drift
quickly to the Equator and then to the northern
subtropical temperate zone, the distance between these
units and India would be progressively bigger with the
change in time and place. Consequently, the chance for
elements of the Cathaysian flora intermingling with those
of the Gondwana flora in the Subcontinent of south Asia
became little and little. That is why the Wankie flora
shows a much more close affinity with the Cathaysia nora
than other floras.

South America

The mixed floras of Argentina and southern Brazil in
South America and the Wankie mixed flora in South
Africa have long been considered to resemble each other
in a certain floristic compOSition. As already mentioned
above, based on the Plate Tectonic Theory Archangelsky
and Arrondo (1975) conjugated these floras on both
sides of the Atlantic Ocean into a specially named
"Austroafroamerican Floristical Province".

However, though some Sphenophyllum species in
the mixed flora of South America are largely the same as
those in the Wankie flora, the associated so-called
Cathaysian elements in the fontler are different from and
rarer than those in the Wankie flora. Therefore, I think
both floras possibly have different origin. As for South
America, it concerns with the true relationship of its flora
with Gigantopteris flora sensu lato found in Kansas and
Oklahoma of the southwestern United States. Especially
after the preliminary report of the discovery of Cathaysian
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Map 2-Showing fossiliferous localities of Permian plants and main
strueture' panern in Xizang (structure panem after u
Chun·yii & others, 1982).

flora(s) onglnating in some other places, which is
intimately related with time and space in migration
process of its parent floras as well as the ecological
conditions. Such new forms as Pecopteris cf. P unita
type and Sphenophyllum waltonianum, both known from
southeastern Africa and Kashmir Himalayas and Tibet,
may be regarded as diagnostic plants of the related
mixed flora. The same perhaps holds good for
explaining the presence of some new glossopteroid
plants found in the mixed floras in Hazro, Turkey and
the Soviet Far East area near Vladivostok.

Of course, the reliability of the assumption
explaining the mixed flora problem needs the big
premise, i.e. some tectonic maps and palaeo
phytogeographical reconstructions for a particular
geological period, are trustWorthy. This question still
exists in the present paper.. Furthermore, objections
would be lodged against my interpretation for it just
based on the morphologic features of plant megafossils
and a few taxa in particular, without any evidence of
fructification and cuticular structures. But, I just confined
my discussion on objective material that I could gather,
though my interpretation naturally includes some
assumptions: I hope this would be missible and excused.
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CONCLUSION

flora in Venezuela (Wagner, 1978*), this possible relation
becomes more reasonable. However, the question is that
the known presumed Cathaysian elements in the mixed
flora of South America have not yet been found in the
"Gigantopteris" flora of North America. So it seems
attractive that the mixed flora or some of its components
in South America migrated through the route passing the
Guadalcanal flora in Spain and the Hazro flora in Turkey
if there \V(lS a real relationship between the mixed flora
of South America and that of East Asia. The occurrence of
the Atlantic Ocean is a later event in geological time;
during Permian this distributional belt of mixed floras
along Turkey, southeastern Spain and possibly northern
Africa extended wes(\V(ird just pointing to Venezuela
where the presence of Cathaysian flora is thus not
unexpectable. However. thiS will meet with a difficult
problem again because the mixed floras around the
present day Mediterranean Sea, being nearly all of Late
Peonian are younger than that of mixed floras of South
America. I am stiil puzzled over these mixed floras
having Cathaysian elements associated with the
Glossopteris flora.

Agreeing with the view that mixed floras were really
present in the geological past, the present paper deals
with the origin and distribution of the mixed Permian
Cathaysia-Gondwana floras and other problems.

In Asia, except for the Soviet Far East, almost all the
known mixed floras are distributed in the same
geographical belt wh.ich roughly corresponds to the
Turkey- Iran·Gandize Median Plate named by Chinese
scientists. This correspondence is not a mere accident
but is difficult to explain by some theories such as
Parallelism in evolution, etc. Using some relevant
achievements resulting from the recent researches based
mainly on the Plate Tectonic Theory, especially that
concerned with Tibet I attempt to apply the Median Plate
supposition to explain the distribution and formation of
mixed floras. And for this purpose, a comprehensive map
shOwing the distribution of Permian floristical provinces
in the world and model of schematic cross·sections
mainly illustrating the activity of Plates in Himalayas
Tibet Tectonic Domain have been tentatively made

which, I hope, might somewhat be useful to further Archan !sky S 1971 las ._< fl d I' Pa fa RbI'. . ge ,. . =0 oras e sistema ganzo en epu lea

researches on thiS subjeCt. Argentina. Ann. Acad. Brasl~ Cienc., (1971), 43 (supplemento) :

The composition of a given mixed flora, except AI ~.~.
h . d d' ~. fl ( ) c ge sky, S. & Arrondo, O. G. 1975. Paleogeografia y plantas fosiles

t ose speCies escen lI1g lrom Its parent oras s , most ' en el P . . <. A dam' A Ie A.-n·enmco In,enor ustrosu encan. cta ongr. 'U15entma
probably includes some newly evolved endemics. It de PaJeont & Biostr., Tucuman 1 : 479.496.

could not be produced in isolation, nor is one of the Archangelsky, S. & Sora, E. de fa 1%0. Contribution aJ conocimiento de

parent floras Simply intermingled with another. A certain las Bliees Permicas de Patagonie exrraandina. Acta grol Li//oana

number of new plants might have evolved characteristics han3 : 8,5-126.

f " . fl Arc ge sky, S. & Azcuy, C. L et al 1980. The Carboniferous and
o their own, either from the native parent ora or any Early Permian of the south American Gondwana area: A summary

of biostratigraphic intormation. Acta U congr. A!1?enJina PaJtont &
Is1 Congr. Latinoamer Paleont. Buenos Aires, 1978, 4 : 257·269.Osee lOP Newslener 8 (Jan., 1979), p. 16.



U-XINGXUE-MIXED PERMIAN CATI-IAYSIA-GONDWANA FLORA 221

Archangelsky, S. & Wagner, R. H. 1983. Glossopteris anatohca sp. nov. U Xing-xue & Zhao-qi, Yao 1979. Carboniferous and Permian tloral
from Uppermost Permian strata in southeast Turkey. BulJ. Brit. provinces in Eastern Asia. Paper read at the 9th Congr. Carbo Stra.
Mus. Nal. Hist. (Geol), 37(3) . HI-91 Geol., Ulbana, Illinois, 1979. Nan;ing Inst. Geoi-Palaeonl. Acad.

Asama, K. 1975. The origin of the angiosperms (injaranese), Sansejdo sin. : 1-7.
Co., Tokyo. U Xing-xue & Yao Zhao-qi 1981. Discovery of Cathaysia tlora in the

Broutin, J. 1981. Etude paleobotanique el pal)11ologique du passage QUinghai-Xizang Plateau with special reference 10 its Permian
Carbonifere·Permien dans les basins colllinentaux du sud-Est de la phytogeographical provinces, in: Liu Dong·sheng (ed.)-Geol &
Zone d' Ossa·Morena (environs de Guadalcanal, Espagne du Sud). Ecol Studies of Qinghai-Xizang Plateau, 1 : 145-148.
Impncations Paleogeographiques. These de Douoral D'Etat es U Xing-xue, Yao Zhao'qi et aI. 1982. Llte Permian plants from Northern
Sciences NalurelJes. Univ. Pierre et Marie Curie, Paris 6 : 1-234. Xizang. TIle Series of Scientific Expedition to the Qinghai-Xizang

Broutin, J. 1982 Importance paleobiogeographique de 10. decouverte Plateau. Palaeontology of Xizang, V: 1-16 (in Chinese with English
d'une tlore continentale mix'1e dans Ie Permien inferieur du sud- Abstract).
OueSt de 10. Peninsule iberique. C R. Acad Sci. Paris, t 295. U Xing-xue, Yao Zhao·qi et at 1982. Early Llte Permian tlora from

Burago, V. 1. 1973. Cathaysia elements in Permian tloras of southern Toba, Qamdo of eastern Xizang_ Dillo. 5 : 17-44 (in Chinese with
Primorye. Geo! Geophysics 11 : 54-61 (in Russian). English AbStract).

Carey, S. W. 1982. Genesis of the Himalayan System from Turkey to U Xing-xue 1983. Notes on three new species of GIoSSOpleris from
Burma, plate 6, in: Himalayan Geolog)' Seminar, New Deihl; \, Qubu Formalion, S. Xizang (Tibet), with discussion on the age of
1976 Geo! Sum India, tvfiscelJ. Pub. 41(3) the formation. Acla pal. sin. 22(2) : 130-138 (in Chinese with

Chaloner, W. G. & Meyen, S. v. 1973. Carboniferous and Permian tloras English AbStract).
of the Northern COntinenls, in: Hallam (ed.)-A11as of Palaeo· U Xing-xue & Wu Yi·ming et aJ. 1985. Preliminary Study on a mixed
biogeography. Elsevier Sci. Pub Co., New York, PI' : 169-186. Permian tlora from Xizangjiang of Gerze DiStrict, Xizang and its

Condie, K. C 1982 Plale Tectonics and Cruslal Evoll/tion. (2nd Ed) palaeobiogeographic significance. (in press).
1·310. Pergamon Press, New York. Uu Ben-pei & Cui Xin·sheng 1983. Discovery of Eurydesma·fauna from

Ctyroky, P. 1973 Permian tlora from Ga'ara region (Western Iraq). Njb. Rutog, Northwest Xizang (Tibet), and its biogeographic signi-
Geo! palaeont. Mh_ jg. 7 : 383-388 ficance. Earth Science (Wuhan College of Geology), 1(19) : 79·92.

Cuneo, R. 1983. Palaeoecologia de microsecuencias plantiferas del Mercier, J. L, Tapponnier, P. et al 1984. The Tibetan side of the India-
group Rio Genoa, Permico Chubut, Argelllina. Ameghiniana, 20 Eurasia Collision, in : Li Guar,g·cen & J. L Mercier (ed.) Sino·
(1-2) : 111-131. French cooperative Investigation in Himalayas: 1-15, Geol. Pub.

Dolianiti, E. 1952. Ll tlore fossile du Gondwana au Bresil d'apres sa House, Beijing (in Chinese, with English Absu.).
position Stratigraphique. 191h Congr. Geoi i11l. symp. Ser Maithy, P K. 1978. Further observations on Indian Lower Gondwana
Gondwana, Alger 1952: 285·292. Sphenophyllales. Palaeobolanisl, 25 : 266-278.

EI·Khaya!, A A, Chaloner, W. G. & Hill, C. R. 1980. Palaeozoic plants', McElhinny, M. W., Embleton, B. j: J. et al 1981. Fragmentation of Asia
from Saudi Arabia. Nalure 285 (5759) : 33·34. in the Permian. Nature 293 : 212·214.

Huang Ji·qing, Guo-ming, Chen & Bing·wei, Chen 1984. Preliminary Pant, D. D. & Llta, M. 1976. Compressions of a new type of pteri·
analysis of the Tethys-Himalayan TectOnic domain. Acta Geol. dophyll, Asansolia gen. nov. from the Lower Gondwanas of the
sin. 58(1) : 1·]7 (in chinese, with English Abstract). Raniganj Coalfield, India. Palaeonlograpbica Abl. B. 155 : 129-139.

Hsu. j. 1973. On the discovery of some plant fossils from the Mt. jolmo PlumStead, E. P. 1973. The Llte Palaeozoic Glossopteris flora, in : Hallam
Lungma Region, Southern Tibet, and its significance. ACla bol. sin. (ed.) : Atlas of Palaeobiogeography: 187-205. Elsevier Sci. Pub.
15(2) : 254258. Co., New York.

Hsu,J. 1976. On the discovery of a Glossopteris tlora in southern Xizang 'Rigby, J. F. 1970 The distribution of Lower Gondwana plants in the
and its significance in geology and palaeogeography. Scienlia geol Parana basin of Brazil. Proc. & Pap. 2nd Gondwana $ymp, lUGS
sin. 1976 (4) : 330,335. Comm on Siral., Subcomm. Gond. Sirat. & Palaeont : 573·584

Hsu, j. 1978. On the palaeobotanical evidence for continental drift joharlnesburg, 1970.
and the Himalayan uplift. Palaeobolanisl 25 : 131-142. Salmi, B. 1935 Permo-Carboniferous life provinces with special

Hsu, j. 1981. Vegetational changes in the past and uplift of Qinghai- reference to India. Curr Sci. 4(6) : 385·390.
Xizang Plateau, in : Uu Dong-shen (ed.)-Geol & Ecol. Studies of Salmi, B. 1936. Wagener's theory of continental drift in the light of
Qinghai-Xizang Plateau, 1 : 145-148. palaeobcxanical evidence. I Indian bol. Soc. 15(5): 319-332.

jongmans, W. J. 1940. Beitrage wr Kenntnis der Karbontlora von Schopf, j. M. & Askin, R. A 1980 Permian and Triassic tloral biostrati·
Niederlandisch Neu·Guinea. Meded. GeolSlichl. 1938·1939: 263· graphic zones of southern Land Masses, in: Dilcher & Taylors
274. (ed)-Bioslraligraphy of fossil plants. Dowden, Hutchinson &

Kimura, T. 1970. Llte Mesozoic Palaeotloristic Provinces in East Asia. Ross, Inc, Strousburg; Penn,'»'.

Palaeonlographica ?roc. jap. Acad. 55B(9) : 425-430. Singh, G., Maithy, P. K. & Bose, M. N. 1982. Upper Palaeozoic flora of
Kimura, T. 1980. The present Status of the Meszoic land tloras ofJapan. Kashmir Himalaya. Palaeobolanisl 30(2) : 185·232.

Pro! S Kon'no Mem VOl., Ts.ukuda Univ. : 379·413. Srivastava, A. K. & Rigby, J. F. 1983. SphenopbylJum, Trizygia and
Llcey, W. S. & Huard-moine, D. 1966. Karroo tloras of Rhodesia and Gondwanophylon from Barakar Formation of Raniganj Coalfield,

Malawi-pan 2. The GlossopteriS tlora in the Wankie diStrict of with a revision of Lower Gondwana Sphenophyllales. Geopbylology
southern Rhodesia. Symp. Fior. & Slral. Gondwanaland: 13·25. H( I) : 55-62.

~ey, W. S. & Smith, C. S. 1972. Swdiesin Karroo Floras-pan 4. Teixeira, C. 1946. Sur la'tlore Fossile du Karroo de Zanlbesie (Moza-
Karroo tloras from the Upper Luangwa Valley, Zambia. Proc. 2nd mbique). C. R. Soc. Geol France 16(5) : 252-254.
into Gondwana Symp., SOUlh Africa, 1979 Teixeira, C. 1952. Ll tlore fossile du Karroo et de la Zanlbesie et la

Lemoigne, y. 1981. Flore Mixte au Permien Superieur en Arabie notion du continent de Gondwana. C. R 3e Congr. Stratigr. Geol
Saqudite. Geobios. 14(5) : 611·635. Carbo (Heerien, 1951) 2 : 627-630.

U Chun-yii, Wang-quan el at 1982. Explanatory Notes to the TeClonic Wagner, R. H., Soper, N. J. & Higgins, A K. 1982 A Llte Permian tlora
Map of Asia (1. 9,000,000). CartographiC Pub. House, Beijing. of Pechora affinity in Nonh Greenland. Greenlands geol under's.

U Chun·yii & Yao·quing, Tang 1983· Some problems 011 subdivision of 108 : 5-13-
Palaeo-Plates in Asia. Acta geol sin. 57(-1) : 1-10 (in Chinese with Visser, K. R. & Hermes, J. J. 1962 Geological results of the
English AbStract). explorations for oil in Netherlands New Guinea. Verh Ko.



222 THE PAlAEOBOTANISf

Nederl Ceol. Ser 20 (Special no.) : 1·265.
v' Wagner, R. H. 1959. Une flore Permienne d'affinites cathaysiennes et

gondwaniennes en Arlatoie sud·orientale. C. R. hebd. Seanc Acad
Sci, Paris 248: 1778·1781

Wagner, R. H. 1962. On a mixed Cathaysia·Gondwana flora from S. E.
ArlalOlia (Turkey). C. R. 4e Congr. Carbonifere, Heerlen 1958,
III : 745·752

Walton, J 1929 The fossil flora of the Karroo System in the Wankie
District, southem Rhodesia. Bill/. geol· SIInJ., SOllthern Rhodesia
13 : 62·75

Wang Nai-wen 1984. Qingzangindia Paleocontinent and its welding to
Cathaysia, in : Uu Guang-cen & J L Mercier (ed.)-Sino-French
Cooperative Investigation in Himalayas: 5966. Geo!. Pub. House,
Beijing.

/Wen Shi·xuan 1981. Palaeobiogeography of Qinghai·Xizang plateau
evidence for continental drift, in : Uu Dong·sheng (ed.)-Ceol

& Ewl Studies of Qinghai-Xizang Plateau 1: 149-158.
Zhu Zhi·wen & Teng Ji-wen 1984. The palaeomagnetic evidence for

small blocks of the Indian. plate drifting IOwards the North and
colliding with Eurasian Plate after the GondV\l<lnaJand DiSinteg
rated, in: Li Guang-cen & J L Mercier's (eds.) Sino-French
Cooperative Investigation in Himalayas: 59·76. Geo!. Pub. House,
Beijing.

Zimina, V. G 1%7. Clossopteris and .Cangamopteris from the Pemlian
deposits of southern Primore. Palaeonl. Zh 2: 113·121 (in
Russian).

Zimina, V. G. 1969. The age of the Pospelovka Formation and the time
of appearance of the Gondwana elements in the Permian flora of
southern Primor's. Dokl Akad. Nauk SSSR 189(5) : 1073·1074
(in Russian).

Zimina, V. G. 1983. Conifers from the Upper Permian of south Primor'e
Palaeont. zh. 17(3) : 107-115. (English version).



The Palaeobotanist 35(2) : 223·230, 1986.

SIXTEENTH BIRBAL SAHNI MEMORIAL LECTIJRE

Our oldest rocks and the early record of life

B. P. Radhakrishna

The Geological Society of India, Bangalore-560 019, India

NEARLY fifty years ago, while still a student, I had the
privilege of hearing Professor Birbal Sahni, one of the
greatest scientists India has produced. I remember him
as a most charming personality who thrilled the audience
with his exposition of the theol)' ot drifting continerl.ts.
Professor Sahni's interest was largely centred round the
.study of extinct plants and this lead him on to take a
keen interest in geology. His contributions £0 the Indian
geology are as profound as those to Botany. The twin
sciences of geology and botany suffered a grievous loss
in the untimely death of this disti,nguished scientist

I am grateful £0 the Director of this Institute for the
honour he has done in inviting me to deliver the
Founder's Day lecture. The subject I have chosen for my
talk is on 'Our oldest rocks and the early record of life.' It
is c;>ne of great interest to both geologists and botanists.
Rapid advances are being made in this muhi·disciplinal)'
field in which geologists, biologists, organic chemists,
and geochronologists are working together to unveil the
mystel)' of the origin of life. It will be my object £0

unfold this fascinating stol)' as best as I can. The s£Ol)' of
the origin of life is inseparably tied up with the early
evolution of the planet Earth itself. It is inevitable,
therefore, that to gain a correct understanding of the
beginnings of life, we should go back into Earth histol)'
and understand how Earth emerged as a separate entity
in the solar system and how it evolved through time. An
understanding of how the atmosphere and hydrosphere
initially developed is also a necessal)' pan of such a
study. Evidences for constructing the early his£Ol)' of
Earth, the recognition of the major events which led £0

the beginning of life have £0 be looked for in our oldest
rocks.

There are, however, serious limitations £0 such
studies. Rocks older than 3800 my have nO£ come £0

light We really do nO£ know what happened during the
first 1,000 my of the birth of the eanh as it is shrouded
in mystery. Secondly, the oldest sedimentary rocks that
could have preserved traces of life are in a highly altered

and meramorphosed state. We have £0 work with such
fragmentary data in order £0 piece together scraps of
information and. try £0 construct a history of past events.

Schopf, one of the most active palaeobiologists of
the present day has suggested classifying all available
evidences relating to early life in£O four categories: (i)
compelling evidence, (ii) presumptive evidence, (iii)
Evidence of permissive or possible category, and (iv)
Evidences that are completely missing. As we go along
tracing the early his£Ory of the Eanh we will see that the
evidences which have so far come to light on the vexed
question of the origin of life are only of the permissive
or possible categol)'. A great deal of further search for the
missing evidence has to continue before we are in a
position to quantify our evidence as compelling.

We in India are in an advantageous position £0 carry
out palaeobiological studies. Nearly a third pan of our
country is covered by the oldest rocks. Every pan is easily
accessible. Some of the largest Proterozoic sedimentary
basins of the world containing sediments which have nO£
suffered from subsequent metamorphism are to be
found in India. We have, therefore, roc~ rangihg in age
from 3,800 to 600 m.y -the entire Precambrian-the
period dUring which life evolved and diversified. This
country, then. should be capable of contributing
substantially to the evidence that is being garnered from
all pans of the world £0 trace the beginnings of life on
this planet

In spite of such excellent opportunities,
palaeobiological research in India has nO£ made much
headway. Text books and monographic studies on Early
Life which have appeared in recent years do nO£ make
even a mention of India or of Indian material. This is
surprising since possibly the first record of fossil
Stroma£Olite came from the Indian Precambrian. There is
urgent need to intensify srudy of our oldest rocks and
bring to light evidences that lie hidden in them
evidences so compelling as £0 make the rest of the world
take nO£ice and give due credit.
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EVOLUTION OF THE PLANET EARTH

Our story begins with the origin of the Earth. 12test
advances in astronomy pOint to a time when there was
no Sun, Eartn or any of the other planets of the Solar
System It is said, at the very beginning, there was some
primordial substance which burst with a big bang
13,000 my ago and released elementary particles into
empty space. These elementary particles later combined
to form a variety of atoms of heavier nucleii of which the
Simplest and the most abundant are hydrogen and
helium. Over 95 per' cent of the universe is made up of
two elements-hydrogen and helium. The rest of the
elements are believed to have evolved out of hydrogen
through a series of complex thermo-nuclear reactions at
high temperature and pressure. Hydrogen burned to
prcxiuce helium and helium prcxiuced camon and
oxygen. At still higher temperature silicon and other
heavier elements like iron and nickel were prcxiuced.
Such reactions took place in the supernovae long before
the accretion of the Earth.

The Solar System as such came into being through
gravitational collapse of an interstellar cloud of gas and
dust. The Earth formed through accretion of
planetissimals made up of a mixture of silicate and metal
particles similar to the present day chondritic meteorites.
The meteorites falling from outer space reflect the
composition of planetissimals which gathered together
to form the primitive earth.

EVOLUTION OF THE ATMOSPHERE

The Earth when it was first formed was devoid of an
atmosphere and was also waterless and lifeless. There
was no differentiation into continents and oceans. The
outer surface of the mantle itself formed the crust. This
was bombarded by meteorites which destroyed this crust
and allowed for differentiation to take place. Great floods
of lava erupted and covered the surface of the earth.

As the planet further evolved, the gases originally
trapped inside the earth were released to form the earth's
initial atmosphere. The gases so released initially were
lighter, like hydrogen, helium and argon. These being
light did not stick to the earth but escaped into outer
space. A secondary atmosphere developed which was
rich in methane, ammonia and water vapour. Even this
was transitional and changed to one of camon dioxide
and nitrogen. Such a stage had been reached by 3,800
my ago. The inner planets like Venus and Mars,
however, have been observed to preserve such an
atmosphere even today. On Earth, there was a further
change as a result of photosynthesis. Oxygen was
prcxiuced by green algae (cyanobacteria). Camon
dioxide got fixed in photosynthetic algae and camonate
rocks. Oxygen content which was originally nil or
present only in minor amount in the atmosphere steadily
increased through time. Oxygen and nitrogen, it should

be remembered, form 99 per cent of the present
day atmosphere. Biological activity, therefore, played a
decisive role in the build up of oxygen in the
atmosphere on Earth. No other planet in the Solar System
has either free water or free oxygen in their atmosphere
except the Earth. The formation of oxygen-rich
atmosphere is a landmark in the history of the planet
Earth, as it formed the starting point for the
diversification of life forms.

The rock record confirms many of these changes.
The lack of oxygen in the early atmosphere is supported
by the occurrence of fresh lll1altered grains of uraninitt::
and pyrite in the oldest conglomerates of the Archaean
(~ 3,000 my). The beginning of life and the tirst release
of oxygen is documented by the depOSItion of banded
iron formation rich in oxide minerals of iron. The steady
increase of oxygen in the atmosphere and the onset of
processes of oxidation and weathering is confirmed by
the first appearance of continental red beds around 2,000
my ago.

EVOLUTION OF THE· HYDROSPHERE

We have already noted that the first billion years of
Earth's existence witnessed profuse degassing of water
vapour from the earth's interior. This vapour condensed
and poured out as rain on Earth's surface and collected
to form the first water bodies on Earth. There were no
real oceans to start with but only shallow warm seas
developed around hydrothermal vents. Whether this
happened gradually as a result of continuous volcanic
outgassing or whether it was sudden and catastrophiC,
happening at an early stage in the history of the earth, is
not clear. The oceans are believed to have reached their
present volume 2,000 my ago and since then there has
not been much of a change. The early seas were
probably more acidic because of dissolved camon
dioxide.

OUR OLDEST ROCKS

Although the age of the earth is put down at 4,500
my. on the basis of radiometric data, oldest rocks so far
identified on earth do not go beyond 3,800 my. Such old
rocks are extremely rare. They were till recently known
only from Greenland (Moorbath et aI., 1973), but several
occurrences have come to light in recent years. Rock
strata described as Older Metamorphics in the
Singhbhum region of Bihar (India) may prove to be still'
older, as the gneisses intruding them have given an age
of 3,800 my (Basu et aL, 1981). It is claimed that
unpublished work in progress is indicative of rocks of
still older ages existing in the Dharwar Craton of
Peninsular India (Monrad et al, 1982). The Indian
Precambrian shield, therefore, may prove to be one of
the oldest continental fragments of the world.
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The oldest dated rock in South India is a migmatitic
gneiss giving an age of 3,358 ± 66 my. (Beckinsale et al,
1980). These gneisses are intrusive into still older
sediments including graphitic schists originally of the
nature of carbonaceous shales to which the name 'Sargur
Supracrustals' has been given (Swami Nath &
Ramakrishna). No direct estimation of the age of the
sediments has yet been made. They are in all probability
older than 3,400 my.

There have been recently claims of still older ages
of 4,200 my. for zircon grains in a 3,100 my. old
gneisses from Pilbara, Western Australia (Froude et al,
1983). These older ages, however, have not been
accepted (Moorbath, 1983; Sharer & Allegre, 1985).
Rocks dated at 3,800 m.y., therefore, are the oldest SO far
known and it has not been possible to extend earth
history, as recorded in rocks, beyond 3,800 m.y. The
search for identifying still older rocks, however, will
continue, but the success ratio is going to be limited. So
far as geological record is concerned the first billion
years (the missing billion), remains blank and evidence
of what happened during this period probably has to be
pieced together from a study of other planets.

CONDITIONS 3,800 m.y. AGO AS REVEALED
BY THE ROCK RECORD

Prior to 4,000 my. ago we may presume that
conditions on earth were not particularly hospitable to
life. The temperature was high. There was neither
atmosphere nor hydrosphere.

The study of oldest known sediments indicates the
existence of shallow oceans. Continental masses at th..lt
period were probably very few. Processes of erosion,
transport and deposition had no doubt set in, and
deposition of clastic and chemical sediments had just
started. The atmosphere was deficient in oxygen and
particularly enriched in carbon dioxide and nitrogen.
Volcanism was active with release of abundant gases. The
landscape was studded with volcanoes belching smoke
and lava. The seas were warm and acidic. Sediments that
were being deposited were mostly immature mixtures of
crustal and volcanic material. These were the conditions
under which life on earth appears to have made its
beginning.

LIFE IN OUTER SPACE-COSMIC ORIGIN OF LIFE?

Carbonaceous meteorites are known to contain not
only amorphous carbon but also various hydrocarbons.
The earth too must have contained hydrocarbons from
the very beginning and could have formed the basic
material for the origin of life.

Modem thinking appears to be in favour of
considering the origin of life as involving a lengthy
process of chemical evolution which first generated
Simple organic compounds in the early atmosphere.

These primary products became increasingly complex
culminating in the evolution of polymeric structure, i.e.
number of repeated basic units held together by
chemical bonds having capabilities of self-replication
(Chang et at., 1983). Chemical evolution is thus believed
to have preceded biologic evolution. The energy
available for promoting these chemical reactions was
probably that provided by sunlight, electric discharges,
thunder and lightening. Proteins and nucleic acids must
have been synthesized in such an environment. Such
transformation probably tOok place in the atmosphere
and the seas of that period and in their boundary with
the land surface. The preservation of abundant
carbonaceous material in earliest Archaean sediments
lends support to this view. Organic maner thus started
gathering and accumulated in tl1e shallow oceans of that
period We appears' to have got cooked in such a
primitive broth of organic compounds (Sylvester Bradley,
1972).

The idea that life originated in outer space is now
being put forward forcefully. Hoyle and Wickramsinghe
(1986) have projected the idea that a swarm of comet
like bodies were present towards the outer margins of
the Solar System in its early history and were the sites of
early biological replication. They feel that such bodies
are more favourable venues for the development of life
than the initially sterile surface of a small planet like the
earth. FollOWing this idea, they predicted that dust
expelled from Halley comet would be organic in
composition. Surprisingly, astronomers have reported
material from comet Halley which looks organic like
coaltar. Since Earth is perpetually embedded in a halo of
cometary material, bacteria from outer space could have
landed softly on earth without being destroyed by heat.
These observations add a new dimension to the origin of
early life.

HOW DID LIFE ORIGINATE 3,800 m.y. AGO

While there may be organic particles of carbon and
hydrocarbons in other planets and in space, it is only on
earth structures which have the capacity to replicate and
transmit genetic characteristics to their descendents are
found. The initial life forms were microscopic, mostly
unicellular, in the form of minute spheres probably
indistinguishable from carbon particles of non-biological
origin (Schopf, 1978).

Microscopic carbonaceous objects resembling
filamentous bacteria have now been found in a chert
barite unit from North Pole, western Australia (Groves et
al, 1981). These are undoubtedly fossils, but it has not
been possible to definitely prove that they were original
and not contaminants. After five years of intense
searching, the authors have admined of their failure (.0

discover more reliable evidence of life at North Pole.
They do not deny that life existed before 3500 m.y. ago
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but affirm that unequivocal evidence of its existence has
probably not been preserved.

A recent discovery of some importance is the
identification of giant clams at a depth of 5,640 m on the
steep inner wall of the Japanese trench. Similar clams
have been noted close to hot springs. This is very
significant as it points to development of ecosystems on
geothermal rather than on solar energy Oennesch &
Mottl, 1985). This lends support to the hypothesis that
early life probably originated first near hydrothermal
vents.

The division between life and non-life is stated to
be an artificial one. According to Ponnamperuma the
animate and inanimate are to be seen as lying in a
continuum rather than as being one or the other. On
suCh a scale, a virus which cannot replicate on its own
would be somewhere near the middle as might some
unknown proto cell that became the ancestor of life on
earth.'

Growing crystals of clay are stated to have formed
the first replicating evolVing systems and ushered in the
age of organic cells. The earliest known organisms are
considered by SChopf to be similar to the type of bacteria
known today-blue green algae, that unlike other
bacteria produce oxygen through photosynthesis.

According to Margulis, the story of life on earth is
overwhelmingly a story of bacteria, microscopic cells that
lack nuclei. For two billion years, i.e. more than half the
time that. life has been on earth, the bacteria or
prokarymes had the planet to themselves. They altered
the atmosphere and evolved all of life's miniaturised
chemical systems-achievements that so far humanity
has not approached.

THE NATIJRE OF THE EARLY LIFE FORMS

SChopf (1983) a leading palaeobiologist of the
present day speculates that early life inhabited an
aqueous and presumably benthonic environment, the
muds and silts of bOltom sediments beneath wave base
where organic detritus could accumulate. The early life
forms were morphologically simple, undifferentiated,
non-mobile, non-colonial and presumably spheroid
organisms. It is one of the marvels of nature that the
diversity of life forms of the present day started from
such humble beginnings_ All life on earth, from bacteria
to the banyan tree, or even man, evolved originally from
a Single an~estral celli

STROMATOLITES

Stromatolites are organo-sedimentary structures
produced by the trapping of sediments by metabolic
activity of micro-organisms. They thus represent the only
undisputed fossils in Archaean rocks (Walter, 1983;
Krumbein, 1983). Their first appearance in the geological
record is a pointer to the presence of photosynthetic

bacteria. They are not regular fossil organisms but are
related to the algae in the same way as coral reefs are
related to coral organisms. Surrounding environment had
a significant role to play in the growth of stromatolitic
structure. A number of varieties are now recognised such
as mound-shaped stromatolites, branched columnar
stromatolites (Baicalia) and conically laminated
stromatolites (Conophyton). These have formed in a
variety of depOSitional settings and provide an
opportunity for studying palaeoenvironmental conditions
and identitying ancient shore lines.

Stromatolitic structures were first identified in the
Proterozoic Vindhyan rocks as early as 1872 (King, 1872,
p. 164). The algal character of such structure was pointed
out by Srinivasa Rao (1943). A list of earlier references to
stromatolitic structure in the Proterozoic of India is given
by Raha and Sastry (1982). Reports of Archaean
stromatolites, however, are rare. Rarity of these structures
is attributed to their obliteration through metamorphism.

Many more structures are likely to be identified in
the coming years through careful field work. These
stromatolites, when identified, have to be subjected to a
careful study of their microbiota, smce it is the microbe
community which generated layered, domed and
columnar structures so characteristic of stromatolites.
Such studies are likely to proVide valuable clues to the
earlY evolution of lite forms and to the mode of their
preservation.

The late Archaean and Early Proterozoic witnessed a
change from a mobile environment to one of stable
platforms in which bulk deposition of carbonate
sequences became possible. These carbonates appear to
have favoured the development of stromatolites. There
was at that time a marked invasion and perhaps more
effective utilization of such an environment (Walter,
1976). Stromatolitic structures have been found to be
ubiquitous components of carbonate facies
environments throughout the world (SChopf & Walter,
1983). A gradual but marked increase in mean diameter
and size range and taxonomic diversity has been noticed
during the Proterozoic (SChopf, 1977).

Russian geologists have made extensive studies and
have used stromatolites to classify the Late Proterozoic
and erect stromatolite biostratigraphy. Raha and Sastry
(1982) have made a preliminary attempt in this direction
for the Proterozoic sequences in India. Study of
stromatolites, their morphology, morphogenesis and
microbiology should, however, gain in momentum in
this country. The need for improving deSCriptive
methods and making use of numerical techniques has to
be emphasized. Significant changes in microfossil
assemblages have been noted at boundaries between
Early, Middle and Late Proterozoic. Stromatolites of
differing ages were probably formed by distinctively
differing microbiota and could be Stratigraphically useful.
The Proterozoic sedimentary basins of India contain a
rich harvest of stromatolites awaiting deraileJ
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examination. For a country of the size of India and with
such abundant material available, there are velY few
palaeontologists who are interested in the study of early
life, compared to the large number of geochemists,
structural geologists and the like.

ARCHAEAN MICROBIOTA

There have been several sporadic attempts at
identifying microfossils in rocks of Archaean age. Most of
these finds on critical examination have been found to
be not genuine. Schopf and Walter (1983) have
formulated a set of criteria which have to be satisfied
before the authenticiry of Archaean microfossils can be
accepted. These are:

Geological age-That the rocks containing
microfossils are to be precisely dated and shown to be
Archaean in age.

Syngenetic character-That the fossil-like objects
are demonstrably syngenetic, physically imbedded in the
rock and not extraneously induced contaminants.

Bio?,enicity-That the fossils are actually biogenic and
not l;rt)oratolY produced artitacts.

The last criterion is the most difficult to satisfy since
a wide variery of non-biologic objects can imitate
biologic microbiota. Cloud (1973) and Schopf (1975) are
of the opinion that the bulk of tf,e Precambrian
microfossils are either artifacts of non-biologic origin or
recent bacterial contaminants. Only two occurrences
have so far been accepted as satisfying the above criteria:
(i) microbiota from bedded stromatolitic cherts of the
3,500 m.y. old Warrawoona Group, Pilbara Block of
Westem Australia (Walter et al., 1980), and (ii) the 2,800
my. old Fortescue Group of Hamersley Basin, also in
Westem Australia.

The Warrawoona microfossils, as described, are
structurally complex, more advanced and indicate that
the beginnings of life on earth must have occurred velY
much earlier. Recently well-preserved stromatolites from
3,300 to 3,500 my. old rocks in chert layers within the
Fig Tree Group of Swaziland Supergroup in South Africa
have been reported (Byerley et ~l., 1986), which are
morphologically complex but biogenically convincing.
They are stated to be morphologically advanced. They
are described as stratiform growing on a substrate of
komatiitic lava and sediments deposited on the lava
surface and covered by later komatiitic flows. Abundant
fine-grained tourmaline included in the fine-grained
laminae is suggestive of an environment dominated by
boron-rich hot spring emissions and evaporite brines.
Chert layers in between. komatiitic flows elsewhere,
should be carefully searched for stromatolite structure
and Archaean microbiota. It is conjectured that life when
it first appeared diversified rapidly and in all probabiliry
explored and occupied most, if not all, habitable
ecological zones (Awramik, 1986).

We in India have to give more attention to the study
of Archaean microbiota. Exposures are in no way inferior
to those of Westem Australia and South Africa. There is
scope for making impbrtant discoveries in the older
rocks after taking all due precautions.

CHRONOLOGY OF THE BEGINNINGS OF LIFE

Evidence from the geological record points to the
presence of spherOidal prokalYotes as the earliest forms
of life. Their energy requirement was probably met by
fermentation of organic material of non-biologiC origin
a stage reached during chemical evolution. Oxygen
producing photosynthetiC cells probably appeared earlier
than 3,000 my. ago. These are believed to have lived in
mat-like communities in shallow water and gave rise to
the first stromatolite col umns.

Filamentous fossil bacteria have been identified in
thin sections of the laminated camonate cherts from the
Fortescue Group, Westem Australia (Awramik et al.,
1983). These are claimed, as of today, the oldest
undoubted fossils known in the geological record. The
complexiry of these forms indicates that life must have
appeared much earlier.

The oldest stromatolites reported from In..dia are
those from the Kamataka (Dharwar) Craton. One is from
Sandur (Murthy & Krishna Reddy, 1984) and the other
from Dodguni by Boral (1986). Suresh (1982) has
reported microfossils from Dodguni cherts.

The rate of change of biota during the first 1,000 to
1,500 my, after the first appearance of life was so slow
that not much of a change in evolutionalY pattem is
noticed. Since 1,500 my however, evolutionalY changes
have been rapid leading to increased taxonomic diversiry
(Schopf, 1975). Characterization of the fossil record in
the period of approximately 900 my prior to Cambrian
time, and its ordering into biochronologic sequence is
going to be a major challenge to palaeontologists in the
comming years (James, 1981).

Schopf (1978) says that the sryle and tempo of
evolution in the Precambrian was distinctly different
from that of the later Phanerozoic era. The Precambrian
was an age in which the dominant organisms were
microscopic and prokalYotic, and until near the end of
the era, the ratio of evolutionalY change was limited by
the absence of advanced sexual reproduction. It was an
age in which the bench-marks in the histolY of life were
the result of biochemical and metabolic innovations
rather than morphological changes.

Mi\JOR STEPS IN THE EVOLUTION OF LIFE

Eight major steps have been recognised in the early
evolution of life (Cloud, 1983). These are:

1. Origin of life around 3,800 my ago.
2. Appearance of first stromatolites pointing to the
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existence of some type of microbial life fonns
around hydrothennal vents feeding on sulphur
(> 3,500 my ago).

3. Photosynthesis: Further development of
stromatolites, precursors of blue-green algae,
producing molecular oxygen as a result of
photosynthesis (3,000 my ago).

4. Appearance of enlarged cells and oxygen tolerating
blue-green algae. Continental red beds pointing to
presence of free oxygen in the atmosphere (2,000
my ~go).

5. Eukaryotic cells: Development of larger cells with
nucleus (1,400 my ago).

6. Appearance of Metazoa: Ediacara fauna-first
appearance of multicellular aquatic animals.

7. Appearance of metazoa with shells-dawn of the
Cambrian (550 my ago).

8. Fully oxic conditions (lOO%)-the first appearance
of fish and land plants. Biospheric evolution to the
present day world-life filling almost all parts of the
planet. It should be noted that in the first two stages
oxygen was deficient. There was a gradual build up
in oxygen content in atmosphere from 1 per cent
around 3,000 my ago to 100 per cent by 500 my
ago.

ECONOMIC IMPORTANCE OF PAIAEOBIOLOGICAL
STUDIES

Petroleum exploration-The study of palaeobiology
is not without economic interest. For example, it has an
important bearing on petroleum exploration. Kerogen is
a geochemically altered organic matter present in
sedimentary reeks formed millions of years ago. It is
conjectured that oil or gas originated from kerogen.
Petroleum is found in source beds which contained
organic matter and the oil later migrated to reservoir
rocks. The attention of petroleum geologists has been
concentrated mostly on reservoir rocks and little
attention has been given to the study of organic matter in
source rocks. Organic matter has now been traced to the
most ancient rocks. It is but right, therefore that attention
should be turned to the study of life fonns trapped in the
oldest rocks and trace the changes in composition that
have occurred as a function of time and temperature.

Petroleum source rocks have now been identified in
the Precambrian of McArthur Basin, North Australia
ranging in age from 1,400 to 1,700 my Oackson et al,
1986). The rock types consist of stromatolitic and
evaporitic carbonates and inter-bedded carbonaceous
shales. Because of their low degree of thennal alteration
they provide a valuable resource for the study of
primitive biota. The hydrocarbon composition of the oil
i II these strata is stated to be consistent with a derivation

from organic matter of prokaryotic origin. This opens up
possibilities of striking oil in middle Proterozoic
sediments so well represented in the sedimentary basins
of India.

Another interesting development may be noted.
liquid oil has now been reported or trapped in fluid
inclusions in calcite veins cutting across a cupriferous
shale deposit at White Pine, Michigan (Kelley &
Nishioka, 1985). Oil is known to have impregnated all
rock types. The hydrocarbon content of None such shales
is stated to be similar to those of Phanerozoic source
rocks. A Precambrian age and indigenous origin is
ascribed for the oil on the basis of chemical similarity.
These are stray' evidences, no doubt, but indicate
biological activity in Precambrian leading to the
production of hydrocarbons similar to those fonned in
more recent sediments.

Mention should be made here of the other extreme
view held by Gold (1980, 1982) and some of the Russian
geologists challenging the 'fossil fuel' theory and holding
to the belief that hydrocarbon gases are abiogenic in
origin, produced through the hydrolysis of metal
carbides trapped in the Earth's mantle (Zvi Sofar, 1985).
According to these authors gas is being formed in other
planets and that primordial materials cooking near the
planets cores have slowly seeped upward through cracks
in the crust. Important accumulations of oil, according to
them, can accumulate in regions of continental faulting.
Very little is known about this aspect yet. A 3 to 5 km
deep hole is being drilled by the Swedish Power Board
to test whether abiogenic methane is being expelled
from the mantle to produce gas fields where satisfactory
cap rocks exist. Some of the test wells drilled have
indeed showed evidences of the presence of methane.
Progress on this subject is being watched with interest.

Recent news reports (The Times, London, 17th
September 1986) point to the discovery of solid methane
hydrate (a bluish ice-like substance)-a new kind of gas
deposit, in some of the deep holes being drilled in the
Arctic. The methane hydrate is described as a chemically
bound mixture of methane gas and water that occur as
vast sheets or lenses. It is stable when cold but readily
decomposes on warming. A cubic yard of hydrate is
stated to be capable of yielding 5,000 cubic feet of
natural gas. This will be a new energy source for the
future.

In these matters it would appear not wise to be over
conservative and blind to understanding of what still
remains unknown. If what Gold predicted comes true,
the implications are startling. We can then expect huge
gas reserves in regions affected by deep crustal faults.
Regions which are presumably written off now as barren
of oil may prove to be rich. The importance of carrying
out research in this field at once becomes apparent
(Radhakrishna, 1984).
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MICROORGANISMS AND HEAVY METAL
CONCENfRATION

Study of the metal content of living organisms of
almost all types shows large concentration factors for a
very wide range of metals. Microorganisms are known to
interact with heavy metals and play an active part in the
mobilization, transportation and deposition of metals
like gold, uranium and iron The Precambrian is known
for its rich accumulation of gold, uranium and iron in
stratified deposits. Fossils of earliest liVing fonns have
been traced in rocks fonned just before the deposition of
iron fonnations. The appearance of stromatolites in the
geological record is indicative of the presence of oxygen
prodUCing cyanobacteria and the dominant role played
by them in the deposition of iron. An array of organisms
are now known to precipitate minerals (Lowenstem,
1980) The processes by which biological heavy metal
transfer, transportation and accumulation can take place
has recently been reviewed by Dexter Dyer et at. (984).
Biological processes presumably have played a major
role in differential enrichment of specific metals. Gold
contained in trace amounts in volcanic rocks of
komatiitic composition which dominated in the
Archaean was removed in solution during the weathering
process. Its precipitation close to the edge of the
sedimentary basin of deposition was aided by biological
activity (Reimer, 1984). Degradation of organic maner,
has been shown to dissolve gold, enrich it in the
biological system and redeposit in a concentrated fonn.
Similarly, uranium concentration in sediments has been
shown to be related to biological activity. Experiments
continue to be conducted to test enrichment of uranium
by micro·organisms as a method of concentrating it from
low·grade ores. These experiments are expected to
throw new light on the origin of uranium deposits and
open up new pathways for exploration.

FUTURE STUDIES

Although not a palaeontologist, you will pardon me
if I venture to make a few suggestions regarding the
direction in which future studies should be pursued.
First and foremost, interest in palaeontological studies
has to be revived. The weakest section in many of our
university geology departments is the Palaeontology
wing and suffers both from want of qualified men and
equipment. These should be strengthened and young
intelligent scholars anracted to join. We have some of the
largest sedimentary basins in India ranging in age from
3,000 my to the present. A careful search in the older
sedimentary basins is sure to reveal a whole range of
fossil remains to reconstruct the early history of life on
earth.

Study of microbiota from stromatolitic structures is
likely to show local peculiarities and some apparent
evolutionary trends which can be made use of in

stratigraphic correlations. More concentrated search for
stromatolites especially in rocks older than 2,500 my
should be undertaken.

Carbon isotopic ratios have indicated the biological
nature of carbon in ancient sediments as C9ld as 3,800
my These sediments should be searched for evidence of
primitive life fonns.

Unmetamorphosed banded iron fonnations and
associated cherts require to be more intensively studied.
The relation of photosynthetic oxygen to the deposition
of banded iron fonnation should be evaluated. The
follOWing major biological innovations have been
identified: (i) origin of life (> 3,800 my ,ago), (ii1
bactenal photosynthesis (> 3,400 my ago), (iii)
appearance of eukaryotes (2,000 to 1,300 my ago), and
(iv) dawn of Metazoa (~600 my ago). Evidences in
support of this chronology from the Indian geological
record have to be collected. There should be sustained
search for evidence of fossil remains in our oldest rocks.
In my opinion twO specialist groups should be
constituted, one for Archaean microbiota and the other
for the stromatolites of Proterozoic.

Micropalaeontological study of the Precambrian is
one of the most rapidly developing branches of current
research. Such studies have yet to gain in tempo in India.
This Institute which bears the honoured name of
Professor Birbal Salmi should specialise in all inter
disciplinary studies in which Biology and Earth SCiences
are concerned and give a lead to micropalaeontological
research in the country. Sedimenrologists,
geochronologists, geochemists, palaeontologists, organic
chemists and molecular biologists should shift their
anention to the Archaean-Proterozoic record. They
should together make a supreme effort at understanding
the process of early evolution of biological system on
Earth.

There is still a long way to go in solving the mystery
of the origin of life. The emergence of life we have seen
is only one stage in the larger history of cosmic changes
and the result of constant assembly of maner since it was
created with a big bang. The broad goal is to arrive at an
intellectually satisfying account of how living fonns
emerged step by step from inanimate maner (Dickenson,
1978).

There emerges from these studies an increasing
awareness of the supreme truth embodied in our ancient
texts-the Upanishads that there is a thread which runs
through all things and holds them together and that the
universe is the result of a gradual unfolding of the
creative power inherent in the primordial substance.
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DR. G. TI-IANlKAIMONI
( 1938-1986)

Dr. G. Thanikaimoni, an eminent palynologist and a
botanist passed away on 5th September, 1986 in the
tragic hijack event in Karachi. Dr Thanikaimoni, a man of
Peace, fell a prey to the cnIel hands of terrorism.

'Tham'-as he was known to his large circle of
friends had acquired international reputation as a
versatile palynologist in the scientific community. He was
snatched away from our midst while on his way to U.S.A.
to attend the Second International Conference on Palaeo
oceanography at Woodshole. He was to present at this
conference the results of a regional programme on the
Mangroves of Asia and Pacific and a state-of-art report on
marine palynology.

Thani did his Master of Science from the University
of Madras and joined the French Institute, Pondicherry in
1962 where he persued his scientific carrier. In 1970, he
was awarded the Doctor of Science (Doctorat d' Etat)
Degree for his work on 'Palynology and Systematics of
the palms' by the University of Montpellier. This work
was noted for his original ideas on the large family
Palmae In the framework of evolutionary systematics, he
revised several predominantly tropical families and
proposed biogeographic evolutiol! of the species. He
was the head of the Palynology Department at the French
Institute and trained many young botanists_

His contribution to the understanding of
vegetational history of southern India and the evolution
of mangroves are sign'ificanr. He also investigated the
pollen spectra of the archaeological sites of Borobudur
(Indonesia), Laong Speom (Kampuchea) and Stingpra
(Thailand) reconstructing their past environmental
histories.

He was a noted pollen morphologist who
maintained wide and active collaborations with
specialists from all over the world. He was a member of
the International Working Group on the Terminology.
He was invited by the Linnean Society of London to
present the synthesis of his excellent findings on the
form and function of pollen apertural types in 1983. He
combined ecology with palynology to bring out a
synthesis of the two disciplines.

Thanikaimoni built up a large reference colleaion
of pollen grains of over 20,000 extant speCies-the
largest in the world for tropical plants, which has been
frequently consulted by palynologists both from India
and overseas. He also served as a Member of the
Scientific Advisory Council of the Birbal sahni Institute of

Palaeobotany, Lucknow and a member of the Editorial
Advisory Committee of The Palaeobotanisr.

His monumental Bibliographic Index on the
Morphology of Pollen Grains of Angiospenns, which he
began in 1972, in five volumes stands a testimony to his
memory. It includes 9,000 genera covering 5,300
publications. Indubitably, Dr Thanikaimoni brought
Indian Palynology to the forefront of the world scene.

He leaves behind his wife, a son, a daughter and a
vast circle of friends and fellow-scientists throughout the
world who will remember him for ever. Dr Thanikaimoni
possessed an untiring energy for work, an insatiable
thrust for knowledge, an indomitable zeal to explore
new avenues of research and unusual power of self
adaptation with different types of people. The
community of palynologists will ever miss their dear
friend-Thalli
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Evolutionary trends in gymnospermous wood structures
during Mesozoic-Protopinaceous woods in the German

Jurassic
Wolfgang R. Mueller-Stoll

Mueller-SlOll, Wolfgang R. (1987). Evolutionary trends in gymnospermous wood structures during the
Mesozoic-ProlOpinaceous woods in the German jurassic. Palaeobotanist 35(3) : 233-235.

This paper contains the establishment for the opinion that in German jurassic the Protopinaceae againSt the
modern pilled (abietoid) woods are not so frequent as hitherto supposed. According to our estimations the
relations between protopinaceous woods and modern pined ones are different from those believed earlier.

Key-words-Evolution, Gymnospermic woods, Protopinaceae, jurassic (Germany).
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WOOD structures comparable with the secondary
wood of recent Conifers essentially appear not
earlier than the Cretaceous as (Kraeusel, 1949)
ascertained. These younger, especially Tertiary,
fossil woods may be compared, as a rule, closely to
recent genera, groups of genera or families of the
Conifers. The Mesozoic woods differ distinctly from
younger wood forms; in general, they may be
compared with recent forms at most in single
characteristics but not in their total structure. Many
of the Mesozoic woods may belong to the Conifers;
for the most part, however, this cannot be stated
with certainty. Many of these woods may have
belonged to different other gymnosperms, an
abundant variety of which existed during the
Mesozoic.

The Mesozoic woods show a characteristic
evolutionary trend. In the Triassic the ancient wood
types of the Palaeozoic still prevail. The extensive
collective-genus Dadoxylon, the tracheids of which

having araucarioid pHs, includes secondary wood of
Conifers and other gymnosperms as well as of non
gymnosperms, while the Araucariaceae in their
recent sense are not yet represented. Nevertheless,
the name Araucarioxylon Kraus 1882 is usually
considered as synonymous with Dadoxylon
Endlicher 1847 (for discussion see Maheshwari,
1972; Lepekhina, 1972). Only since the Cretaceous it
is probable and can partly be proved, that the woods
of Dadoxylon-type belong to the Araucariaceae.
From the nomenclatural point of view it is
immaterial that the Palaeozoic Dadoxyla certainly
are not Conifers, the younger ones, however, are
probably Araucariaceae, since both groups cannot be
differentiated by secondary wood alone. Primary
structures of numerous Palaeozoic Dadoxylon of
southern hemisphere, for example, those studied by
Kraeusel (1956 a-c), show that they are not related to
Conifers, because there is centripetal wood adjoin
ing the path, being very wide in some of these forms.
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PROTOPINACEAE IN MESOZOIC

Wood forms distinguishing in particular the
Mesozoic belong to the Protopinaceae. Their
tracheids show pits which represent an intermediate
state between the ancient araucarioid pitting type of
Dadoxylon and the modern abietioid pitted woods.
If we concede the Protopinaceae-woods an inter
mediate position between the Palaeozoic Dadoxylon
and modern woods, this is to be understood to
concern the phylogeny of features and not the
phylogeny of taxonomic tribes.

There has been some discussion and misunder
standing about the position of the Protopinaceae. It
must be kept in mind that the Protopinaceae are not
a natural group in the sense of Neobotany, but only
an anatomical wood-type which may include quite
different Gymnosperms. This type appears
sporadically during the Triassic, reaches its great
diversification in the jurassic, and dies in the
Cretaceous. Grambast (1952) reports a proto
pinaceous wood said to be of Early Eocene age. The
question now whether the Protopinaceae are the
only wood-type in Middle Mesozoic besides few
representatives of araucarioid structure and certain
isolated types like Xenoxylon. Recent investigations
on extensive material of jurassic woods have shown
that beside different genera of Protopinaceae there
have existed already many woods with abietioid, i.e.
modern pitting of the tracheids. Those woods have
not yet acquired the features of the woods of later
periods. They are built up very simply throughout,
and give a rather uniform impression. Their
anatomical differences are as yet lesser than in the
recent Gymnosperms. Only one of our samples
contained resin ducts, and two showed structures
like cross-tracheids along the ray borders; spiral
thickening nowhere could be found. It is striking
that the horizontaJ, and tangential walls of the ray
cells are never pitted. These ray structures appear in
extant Gymnosperms chiefly the Araucariaceae and
Podocarpaceae, with abietioid pitted tracheids
sufficiently well-preserved they could be assigned to
the genera Podocarpoxylon, Phyllocladoxylon,
Cupressinoxylon and Circopuroxylon. Possibly there
are also woods with taxodioid cross-field pitting to
be considered as primitive forms of Taxodioxylon.
Woods of these genera have existed during the
German jurassic with certainty already in greater
number' besides the Protopinaceae genera
Protocupressinoxylon Eckhold, Protopodocarpoxylon
Eckhold, Protophyllocladoxylon Krausel and Arauca
riopitys jeffrey. Moreover, Protocedroxylon Gothan
and Protopolyporoxylon Vogellehner have been
proved in German jurassic, but they are not present
in our material. The other genera of Protopinaceae,
namely Protopiceoxylon Gothan and Prototaxo-

dioxylon Vogellehner are hitherto not found in
German jurassic (Vogellehner, 1968). The driving
woods, so-called "Treibhoelzer", from the Upper
Lias (jurassic), Posidonia-schists of Holzmaden,
South Germany, were investigated by Vogellehner
(1962). He found Protocupressinoxylon and Cupre
sinoxylon and for the first time in the Posidonia
schists Protophyllocladoxylon and Phyllocladoxylon;
those woods are habitats for marine animals, mostly
sea-lilies '(Seirocrinus subangularis).

PORTION OF PROTOPINACEAE IN THE
JURASSIC PERIOD

Among 76 specimens of our material, usable for
diagnoses, we found 5 Dadoxylon (6.6%), 11
Xeno:....ylon (14.5%), 24 Protopinaceae (31.6%), and
36 Abietioid pitted woods (47.3%). Therefore, the
relation of protopinaceous against modern pitted
woods is strongly moved against the abietioid pitted
types; the relation amounts 24 to 36 specimens, i.e.
4-0 to 60 per cent. If the values, calculated by us, are
not correct at all, because some of these woods in
reality may belong to the PrOlopinaceae, the opinion
that in German jurassic the number of protopina
ceous woods is greater than that of the modern has
t~ be droped. This result was not to be expected as
Kraeusel (1949, p. 102) calculated for the jurassic
Period in the whole world a relation of protopina
ceous against modern pitted woods of 60 to 40 per
cern, having considered all known findings till 1945.
He pOinted out that the share of Protopinaceae
probably might be too small, because parts of
protopinaceous woods hitherto classified to the
Lower Cretaceous really may be older.

One can say that the Protopinaceae have
appeared approximately at the same time as the
simple structured abietioid pitted woods, or at most a
little later, as Protopinaceae is scarce in the Triassic.
During the Lower jurassic (Lias) at any rate both
groups existed almost side by side. Since interme
diate pitting of protopinaceous type is not rare in
root-wood of recent Conifers, it could be presumed
that the Protopinaceae represent samples of roots,
while the modern (abietioid) pitted samples are the
remains of stem-wood. However, this argument is
not valid because in this case woods with interme
diate pitting should be found in the Tertiary, too, but
they are practically absent there. It must be stated
that the Protopinaceae being a specific anatomical
wood-type cannot be doubted; one must concede,
however, that there need not be a featural-phylo
genetiC chain of tree links, namely woods with arau
carioid pitted tracheids, followed by woods with
intermediate pitted tracheids (Protopinaceae), and
finally followed by woods with abietioid pitted
tracheids (modern Conifers). The Protopinaceae



MUELLER-STOLL-EVOLUTIONARY TRENDS IN GYMNOSPERMOUS WOOD 235

J

should nor be considered as a necessary link in the
evolutionary line, because the first abietioid pitted
woods, still simply structured may have developed
also directly from araucarioid pitted ancestors,
because in the Triassic both wood types, i.e.
protopinaceous and modern pitted woods exist side
by side, like a modern pitted wood~ e.g.
Podocarpoxylon triassicum from the Keuper of
Frankonia has demonstrated (Sel-Meier &
Vogellehner, 1968). In the German Jurassic the
Protopinaceae have their greatest extension, in the
Cretaceous they declined. Therefore, woods with
modern tracheids are direct descendants of
araucarioid pitted forms, but only in anatomical
sense. Both types, protopinaceous and modern, have
their origin in the same time period. Therefore, the
Protopinaceae also originated from the araucarioid
stock.

Mueller-Stoll (1960) stated that the fossil with
enlarged pith named Reticulopitys suevica from Lias
of Schwaebisch Gmuend, South Germany, has a
secondary wood like Protophyllocadoxylon; on his
table 2, fig. 9 this is clearly discernible. The pores in
cross-field in tangential direction are single, large,
oblique-elliptical, acute on both corners, so called
"Eiporen", but Schultze-Motel (1961) critisized this,
because in text· fig. 1 on p. 171 the cross-field pores
are round like Circoporoxylon, but it is only
apparent because of bad preservation.

It is certain that during the Cretaceous Period
the modern tracheidal pitting finally predominates,
and the Protopinaceae gradually disappear. Thus the
question arises: Do these woods belong to dying
tribes and their particular wood structure
disappeared with them, or we face a progressive
evolution of the original forms whereby the
secondary wood, too, has lost its ancient features? At
present we can only raise this question, but cannot
clearly answer it. The difficulties lie in the fact that
the wood fossils are very rarely found in organic
connection with other plants parts. It is usually
impossible to classify them in accordance with the
taxonomic system which is built up upon the
structure of the reproductive organs.

While within the Protopinaceae a progreSSive
evolution and transition to modern woods is
possible and up to a certain extent probably, we also
know wood types in the Mesozoic, which represent
blind-ending of evolutionary lines. This concerns
the genus Xenoxylon that existed from Triassic to
Cretaceous, with maximum expansion during
Jurassic, or Circoporoxylon, a podocarpoid wood,
which appeared in Jurassic and continued beyond
Cretaceous in the Tertiary. What kind of plants
possessed such wood we do not know for the above
mentioned reasons. Xenoxylon probably does not
belong to true Conifers, but to some other
Gymnosperms.

On the southern hemisphere wood structures
developed quite differently than on the northern
one, corresponding to the development of the entire
gymnospermous group. The genus Dadoxylon (syn.
Araucarioxylon) retained much greater importance,
and contains during Cretaceous already genuine
Araucariaceae. From a more extensive material of
South-African Cretaceous Schultze-Motel (1966)
proved that these woods show a specific anatomioal
feature which occurs only in some receilt
Araucariaceae, especially in some species of Agathis.
There are so called "marginal cells" looking like low
cell rows accompanying the ray borders.

For araucarian woods with such distinguishing
features the new genus Dammaroxylon was
established (Schultze-Motel, 1966). Podocmpoxyl6n
also occupies an important share in Cretaceous
Period of South Africa. We must remember that at
present, too, the Podocarpaceae and Araucariaceae
are specific Coni fers of southern floras, a fact th~t

became clearly obvious by the end of Mesozoic.
During earlier epochs Podocarpaceae was dist~i
buted also in the northern hemisphere. These woods
have more definite evidences than many dubious
leaf remains. Podocarpoid woods may be traced in
Central Europe with certainty back to the Jurassic.
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TRIZYGIA Royle (1839), one of the commonest
Sphenopsids of the Lower Gondwana, is represented
by foliage shoots whose slender, articulate axes have
at each node a verticil of six leaves arranged in 3
pairs (two pairs of larger leaves and one pair of
much smaller leaves). Most of the later workers,
however, did not recognize the independent identity
of the genus Trizygia and included the solitary
species T. speciosa under the genus Sphenophyllum.
Maheshwari (1968) argued that the trizygoid leaf
arrangement and the epidermal fealUres are
significant characters to retain the independent
identity of the genus Trizygia. It is not that the
genus Sphenophyllum does not occur in Lower
Gondwana; it has been reported from South
America, Africa as well as India (see Archangelsky,
1958: Lacey & Huard·Moine, 1966; Arrondo, 1972;
Maithy, 1978; Srivastava & Rigby, 1983, etc.).

We record some more specimens of Spheno
phyllum from the Barakar Formation of Rajmahal

Hills, Bihar. The collection also includes a large
Gumber of glossopterid leaves, axes, scale leaves,
seeds, sporangia and a few sterile pteridophylls.
Trizygia speciosa, surprisingly, has not been found.
Thin carbonified crust sometimes covers the fossils
but cellulose pulls did not reveal cellular details.

Previous collections of Sphenophyllum available
at Birbal Sahni InstilUte of Palaeobotany have also
been examined.

Genus-Spbenopbyllum Brongniart 1828

Sphenophyllllnl gondwanensis sp. nov.
PI. 1, figs I';: Text· fig. lad

1958 Sphenophyllllnl thonii Mahr: Archangelsky, Acta
geor Lilloana 2 : 29·31, figs 4,7.

1966 Spbenopbyllllnl thoni! Mahr : Lacey & Huard-Moine,
!>)!mposillm on Floristics and Stratigraphy of Gond
wanaland, Lucknow: 15,16; pI. 1, fig. 1.

1972 Sphenophyllllm tboni! Mahr: Arrondo, Re/). Mus.
Plata (n.s.), 7 : 36·38, pI. 1, fig. 1.
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1982 ParasphenophyUlim thonif var. minor (Sterzel)
Asama : Singh, Maithy & Bose. Palaeohotanist 30 :
204, pI. 6, figs 38-40; text· figs 7 AB.

Diagnosis-Sterile shoots, axes aniculate, internodes
with longitudinally running ribs, nodes with a whorl of
six leaves each. Leaves cuneate, ohovate or subtriangular
in shape, do not form a leaf sheath. Leaves of younger
whorl small, with finely denticuJate distal margin; leaves
of older whorl compar:nively large, with fine to deeply
incised, dentate distal margin. A single vein enters leaf
base, dichotomises five to eight times, side veins radiate
towards lateral margin, median veins go straight up, each
ultimate veinlet terminates in a denticulation of distal
margin.

Holotype-Specimen no. BSIP 35866; Middle
Permian; Barakar Forn1ation; Lalmatia Top Seam, Lalmatia
Incline Colliery, Rajmahal Hills, Bihar.

Descnption-The collection has ten specimens,
some with counterpans. A number of fragments of leaf
whorls and scattered leaves are also present. The
specimens represent sterile shoots. The shoot axis in
flattened condition is 2 to 3 mm broad, aniculate, ribbed,
internodes being OB to 2 cm long, nodal distance
decreasing from basal to apical pan. The nodes are
slightly swollen, each node has a whorl of six leaves
similar in size and shape. Leaves of successive whorls
may differ in size and distal margin. Leaves of younger
whorl are 0.5 to 1.5 cm long, 0.2 to 1 cm wide and show
fairly crenulate distal margin. Leaves of older whorl are
larger, 1 to 2.5 cm long, 0.5 to 1 cm broad and possess
deeply crenulate/denticulate distal margin, latter
sometimes being elongate, sharp and teeth-like which
measure up to 3 mm.

One of the specimens (PI. 1, figs 1, 2; Text-fig. 1a)
shows remnantS of 6 leaf whorls and an occasional
internode. At least two or more leaves are preserved
completely or panly in every whorl. Although, only two
middle whorls are connected by the axis, all the whorls
belong to the same foliage shoot, the intervening
ponions of the axis either lie unexposed in the rock or
are covered by the overlying leaves. There is a gradtlal
change in leaf size and distal margin (apex) from one
end of the axis to other. The leaves of lower whorls are
large, and have crenulate or denticulate apices. Those of
upper whorls are comparatively small with finely
crenulate apices. Leaves within a whorl, however, are
isophyllous.

A Single vein enters the leaf base and dichotomises
5 times or more. The ultimate veins radiate and diverge
slightly towards the lateral margins of the lamina; the
median veins run straight. Sometimes 2 or more veins
seen entering the leaf base but a careful observation
reveals that the single vein dichotomises immediately
after entering the leaf and gives an appearance as if two
veins are entering the leaf base.

Though the leaves are arranged in a whorl at nodes
of shoot axis, in fossil state they are found preserved in

one plane. Sometimes, a pan of whorl may lie in a
different plane, often leaves ot a whorl overlap the lea\'es
of another whorl (PI. 1, fig. 4; Text· fig. 1d) and so also
the intervening intemode hair, hooks or spines are
lacking.

Comparisoll-The new species, Sph£;nopbyllum
gOl/dll'a/lellSis, is characterised by the presence of
heterophyllous leaf whorls. A similar variation in distal
margin of leaves is already known in a number of
nonhem species of the genus Spbenopbvllllili. Lilpopia, a
genus which has leaves similar to Spbel1ophylllll/l, also
shows heterophylly. Batenburg (981) has worked in
detail the leaf morphology of ,,>pbel1opbylill II I and
according to him "heterophylly is not a peculiaritv of a
few species but a feature of the genus on a whole with
the main exception of the olcler primiti\'e forms with
lacineat leaves only".

Thus, it appears that heterophylly is quite common
in the species of Sphenopbyllllni and S. gondll'anensis
repons from the Lower Gondwana Formation of India
enhances the possibility of the occurrence of
heterophylls forms of Sphenophylluni other than the
nonhem hemisphere.

Among the heterophyllous forms, S. mira I lallis
(Hetterscheid & Batenburg, 1984, pI. 2, fig. 1) is distinct
in haVing asymmetrical pairs of leaf whorls; in S.
gondwanensis all the six leaves of whorl are similar in
size and shape. Funher BOll'manites cupulaflls Hetter
scheid & Batenburg, 1984, a fenile pan attributed to S
miravallis, is not known to occur so far in Indian Lower
Gondwanas. Vegetative heterophyllous leaves of Lilpopia
racihorskii (Kelp. 1984) resemble the leaves of S
gondwanensis but the former species characteristically
has sporangiate cones coming up at the nodes, a
character so far not known to occur in the genus
Spbenophyllilm.

S thonif Mahr (1968) has larger leaves and fine,
dense venation, the latter resulting in fine and numerous
fringes which continue downwards on the lateral sides
also. S arehangelskyii Srivastava & Rigby, 1983 differs in
haVing elongate-obovate leaves with deeply incised distal
margin and relatively dense distribution of lateral veins.
In S waltonianum Srivastava & Rigby, 1983 the leaves
have a teeth-like serration and a median notch on the
distal margin. Individual leaves of S. sakoense Appen;
1977 are comparable with S. gondwanensis but differ in
shOWing considerable reduction in leaf size in a whorl.

Genus-Lelstotheca Maheshwari 1972

Lelstotheca sp.
PI I. fig. 6

Descnption-There are twelve pieces of foliage
shoots in the collection. The leaves are arranged in star
shaped venicils at the swollen nodes which are 1-1.5
cm apan. The leaves are linear in shape 1-3.5 cm long
and 1-2.5 mm wide, the lateral sides being parallel to
each other except near the apices, which are acute. Each
leaf has a persistent midrib.
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Text-figure l-A-D. Sphenophyllum gondwanensis sp. nov., A, holotype, fragments of 6 leaf whorls, cwo whorls show attachment with
an aniculate stem; leaves of younger whorl show fine crenulate distal margin; leaves of older whorl show deeply incised dentate
distal margin. Specimen no. BSIP 35866 x 4 (see also PI. 1, figs 1..-2). B, remains of 3 younger leaf whorls showing leaves with
smooth/crenulate distal margins, arranged around a node. Specimen no. BSIP 35867 x 4 (see also PI. 1, fig. 3). C, a fragment of cwo
leaf whorls showing crenulate to dentate distal margin and venation pattern. Specimen no. BSIP 35868. x 4 (see also PI. 1, fig. 5).
D, showing leaves of older whorl with deeply dentate distal margin. Specimen no. BSIP 35866. x 3 (see also PI. 1, fig. 4).

PLATE 1

1. SphenophyOum gondwanensis sp. nov. Holorype, showing six leaf
whorl fragments, two whorls show attachment with a slender axis.
Leaves of younger whorl show fine crenulate distal margin and
leaves of older whorl show deep incised, dentate distal margin.
Specimen no. BSIP 35866. Natural size.

2. S. gondwanensis holorype, enlarged to show the details of venation
panern and distal margin. x 2.

3. s. gondwanensis showing detached fragments of older and younger
leaf whorls. Older'whorl shows 4 leaves with dentate distal margin,

younger fragment shows three whorls of smaller leaves with fine
crenulate distal margin. Specimen no. BSIP 35867. x 2.

4. S. gondwanensis showing a fragment of older leaf whorls with
deeply incised dentate distal margin. Specimen no. BSIP 35866. x 2.

5. S. gondwanensis showing a fragment of cwo leaf whorls with fine
dentate to crenulate distal margin. Specimen no. BSIP 35868. x 2.

6. LelslOlheca sp. showing detached fragments of leaf whorls.
Specimen no. BSIP 35869. x 0.8.
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Comparison-The specimens show a general
resemblance to Lelstotheca robusta (Feistmantel)
Maheshwari. The leaves in typical species of L. robusta
are widest near the base gradually taper towards the
apex, whereas in the present specimens the leaves are
equally broad all along and abruptly tum into an acute
apex.

Somewhat similar shoots have earlier been reported
from Zimbabwe by Huard·Moine (1965, pI. I, fig. 4) and
Lacey and Huard·Moine (1966, pI. I, fig. 8) as doubtful
records of Annularia. Rigby (1 966a, pI. 1, fig. 4) has
reported comparable specimens as Stellotheca sp. from
New South Wales, Australia.

EQUISETALEAN AXES

Description-Compressions of leafless, articulate
axes shOWing ridges and furrows in successive
intemcxles occur abundantly in our collection. The axes
are 4-15 cm long and 0.1-2 cm wide, generally with
swollen nodes. The length of intemcxles varies from 1
5.5 cm. The ridges are about 1·2 mm apart, parallel to
each other and always continuous in successive inter
ncxles.

Discussion-Leafless, alliculate axes have been
reported from different formations of Lower Gondwana
as equisetalean axes or sphenopsid axes or have been
assigned to the genus Phyllotheca or Schizoneura on
grounds of their associations or close Similarity with the
stems haVing attached leaf-sheaths of the respective
sphenopsid. Rigby (1966a) intrcxluced the genus
Paracalamites Zalessky in Lower Gondwanas for such
axes. L. robusta was reportedly found attached to
Paracalamites.

GENERAL DISCUSSION

The genus Sphenophyllum Brongniart, 1828 is a
common sphenopsid in the Permian-Carooniferous of
Northern Hemisphere. Till recently typical
Sphenophyllum forms were not adequately known from
the Lower Gondwana of India though such forms were
documented from Lower Gondwana of South America,
Australia and Africa (Arber, 1905; Walton, 1929; Teixeira,
1947; Archangelsky, 1958, 1%0; Lacey & Huard-Moine,
1966; Rigby, 1%6b; Arrondo, 1972; Appert, 1977). Now
Maithy (1978), Chandra and Rigby (1981), Singh, Maithy
and Bose (1982), Srivastava and Rigby (1983) and Pant,
Srivastava and Das (1985) have reported some typical
forms of Spbenophyllum from India. It would thus seem
that Sphenopl:ryllum, though a rare plant in the Lower
Gondwana, was of wide occurrence. However, the
genetic relationship between the typical Sphenophyllums
of Northern Hemisphere and similar looking forms from
Gondwanaland is yet unknown.

The sphenophyll species which occur in the
Permian sediments of the Gondwanaland fall into

two basic categories, viz., the trizygoid and
symmetrical (Asama, 1966), represented by the
genera Trizygia and Sphenophyllum respectively.

The stratigraphic distribution of the various
species of Sphenophyllum/Trizygia in the Gondwana
sediments shows that of the trizygoid species, four
species, viz., S. oblongijolium, S. verticillatum, S.
wankianum and T. maithyiana are present in the
Lower Permian and only one species, T. speciosa, is
frequent in the Upper Permian. Similarly, amongst
the non·trizygoid species, four, i.e. S. gondwanensis,
S. churulianum, S. waltonianum and S. rhodesii are
restricted to Lower Permian and only one, S.
crenulatum, occurs in the Upper Permian. Though,
the sphenophylls were comparatively less abundant
in the Lower Permian Gondwana, yet the number of
species was relatively very high. Eight species are so
far known from the Lower Permian of Gondwana as
compared to only two from the Upper Permian of
Gondwana. This shows that the sphenophylls were
evolVing rather fast in the Lower Permian and had
stabilized by the Upper Permian.
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EFFORTS during the last decade to delimit Permo·
Triassic boundary in Peninsular India on the basis of
palynological studies have proved successful (Tiwari
& . Singh, 1986). Pa Iyno logica I bou nda ry
demarcations were, so far, based on generic
distinctions. The present work has been undertaken
to achieve a finer and precise boundary demarcation
on the basis of distribution pattern of significant
species which could be used as marker taxa.

AREA OF STUDY

1984) have demonstrated palynofloral changes
marking the Raniganj/Panchet sequences (Table 2).
Following samples have been used for this study
(Table 1), allowing a lateral comparative
distributional pattern of species.

Quantitative determination of miospores at
generic level has revealed the sequential'
arrangement of palynological assemblages at
Raniganj/Panchet boundary (Table 2; after Tiwari &,
Singh, 1986).

Subsurface material from the eastern most part
of Raniganj Coalfield have been used for the present
study. Recent palynological investigations of bore·
core samples in this area (Rana & Tiwari, 1980; Singh
& Tiwari, 1982; Tiwari & Singh, 1983; Tiwari & Rana,

EVALUATION OF SPORE-POLLEN
SPECIES FOR ZONATION

Quantitative determinations for palynological
assemblage at generic level in bore· holes NCRD·6
(Bharadwaj & Tiwari, 1977), RAD-2 (Singh & Tiwari,

242
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Table I-List of samples studied representing the sequence encompassing the Raniganj/Panchet boundary in various
bore-holes in Raniganj Coalfield

S. No. Depth in m Lithology Lithological boundary

I B.H. NCRD-6 (B.haradwaj & Tiwari, 1977)
1. 21500 Greenish Shale
2. 280.00 Greenish Shale Raniganj/Panchet
3 287.30 Greenish Shale

II B.H. RAD·2 (Singh & Tiwari, 1982)
1. 430.00 Greenish Shale
2. 450.47 Sandstone Raniganj/Panchet
3. 460.00 Sandstone
4. 545.00 Sandstone with coal
5. 550.00 Carbonaceous Shale R·IA

III B.H. RAD·5 (Tiwari & Singh, 1983)
1. 481.00 Greenish shale +Sandstone

.,1( 2. 49350 Sandstone Raniganj/Panchet
3. 505.00 Greenish shale +Sandstone

Miofloral zones
(Tiwari & Singh 1986)

P-I1 B

R·IB

P-IVA

P-I1IB
R-IB

P·I1B

p.JA

Table 2-Showing the quantitative change-over in palynological assemblages at Ranigani-Panchet boundary (modified
after Tiwari & Singh, 1986)

f
w
:r:
u
z
«:
"
c::
w
~
o
-'

Assemblage
P-I

StrialOpodocarpites
Klausipollenites

P·IB

P·IA

StrialOpodocarpiles, d. Lunalisporites, Klausipollenites, Chordasporiles,
lnapert uropollenites, Crescenlipolleniles, Lu ndblad(spora

StrialOpodocarpites-Klausipolieniles, Alisporites, Nidipolleniles, Verrucosispo·
n·tes, Densipollemtes, Playjordiaspora, Satsangisacciles

c::
w
"
"
::J

1

BOUNDARY

.-.z
«:
o
z
~ Assemblage

R-I
Striatopodocarpites

Densipolleniles

R· IB StrialOpodocarpiles·Crescentipolieniles, Densipollenites, Scheuringipolleniles,
Klausipolleniles, d Lunatispontes, Gondisporites, Lundbladispora

R·JA StrialOpodocarpilesDensipolieniles, Faunipollenites, Crescenlipollenites, Gondi
sporites, Lundbladispora, Playjordiaspora, d. Lunalisporiles.

1982) and RAD-S (Tiwari & Singh, 1983), exhibit
definite change at Raniganj-Panchet level. It has
been observed that a large number of taxa, which
qualify the Lower Raniganj Formation continue to
occur even at the closing phase of the Raniganj
Formation; although a few genera, viz.,
Densipollenites and Crescentipollenites, gain
abundance at this younger level, apiculate trilete
genera proliferate in variety, while a few cavate
taeniate pollen appear at the close of Raniganj. The
most significant change is observed in the frequency
of Densipollenites which suddenly records its
p'rominence in the Upper Raniganj. It is thus obvious
that except the two genera, i.e. Densipollenites and
Crescentipollenites, none of the other genera
exhibits striking variability in their occurrence

within the Raniganj palynological succession
because of their percentage frequency which is more
or less similar throughout this sequence. The genus
Densipollenites gets further significance due to the
characteristic behaviour of its species.

Consequently, for the record of specific
variations, it was preferred to search thoroughly the
occurrence pattern of certain species in
Striatopodoca rpites-Densipollen ites/ Crescen ti
pollenites palynozone (i.e. R-1 of Tiwari & Singh,
1986), which is the youngest zone at the close of
Raniganj palynoflora. It is difficult to evaluate
various species for the use of boundary delimitation
because most of the species have a long rangE'
distribution throughout the Permian. For this re;lson
striated pollen (including Crescenttpollenites) and
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apiculate trilete spores have been excluded from the
present determination.

The presence of Ephedripites and Weylandites is
also not always consistent at this level; they mayor
may not be present in Denslpollenites/Crescenti
pollenites-Phase. Parallel to this change-over
Gondisporites plays an effective role by its sudden
prominence and subsequent decline at the
Raniganj/Panchet boundary level. Therefore, the
genera thus remain for determination of boundary
delimitation by virtue of the change in their species
are-Denslpollenites and Gondisporites. Beside these
Significant indicators, few species of cavate spores
and monosaccate and taeniate pollen signify the
younger aspect within the Raniganj palynoflora
because these taxa Virtually qualify the Lower
Panchet horizons. Such genera are Densoisporites,
Lundbladispora, Playjordiaspora and Lunatisporites.

On the basis of such an evaluation supported by
a thorough search for the incidence of species, the
following species are considered important for
boundary demarcation:

Densipollenites Bharadwaj 1962
D. indicus Bharadwaj 1962
D. invisus Bharadwaj & Salujha 1964
D. densus Bharadwaj & Srivastava 1969
D. magnicorpus Tiwari & Rana 1981

Gondisporites Bharadwa j 1962
G. raniganjensis Bharadwaj 1962

Densoisporites Weyland & Krieger emend. Dettmann
1963

D. contactus Bharadwaj & Tiwari 1977
Lundbladispofa Balme emend. Playford 1965

L. brevicula Balme 1963
L. microconata Bharadwaj & Tiwari 1977

Playjordiaspora Maheshwari & Banerii 1975
P. cancellosa (Playford & Dettmann) Mahesh
wari & Banerji 1975

Lunatisporites Leschik emend. Scheuring 1970
L. ovatus Maheshwari 1975
L. dlfjusus Bharadwaj & Tiwari 1977 cf. L. pellu
cidus Maheshwari & Banerji 1975
These species can be indentified on the basis of

characters as Densipollenites includes monosaccate
alete non-striate pollen where saccus envelops the
central body loosely from all the sides and is
attached at one point, t.he saccus being
intrareticulate, variously folded and usually with
radiating folds from the point of attachment among
its species; D. indicus has a thin, small circular
central body with distinct outline; D. invisus
possesses a very thin body with almost ill-defined
outline; D. densus exhibits a small dark brown,
dense and well demarcated body, while in D.
magnicorpus a big, dark brown and well·defined
body occupies more than half the area of pollen.
Gondisporites ran iga njensis includes roundly

triangular to subcircular, trilete spores with
denticulate equatorial ridge, surrounding a large
central body with granulose as well as sparsely
spinulate or baculate exine. In Densoisporites
contactus broadly triangular, cavate, cingulate,
trilete spores are incorporated which have distinct
contact area and finely micropunctate unsculptured
exine. Lundbladispora brevicula includes roundly
triangular, cavate, cingulate, trilete spores, exine
being 2·3 /-Lm thick, finely spongy, distally bearing ±
2 /-Lm wide, 2·4 /-Lm long spines; L. microconata has
been circumscribed for broadly triangular, cavate,
cingulate trilete spores whose exine is finely spongy,
distally bearing 1 X 1 /-L m short, rare coni. In
Playjordiaspora cancellosa more or less circular
monosaccate pollen are included which enclose
dense brown central body with trilete mark; its rays
are body radius long and saccus is regularly
intrareticulate forming honey-comb pattern.
Lunatisporites ovatus includes bisaccate pollen,
central body being distinct, vertically oval and
proximally bearing 4-6 taeniae; distally, saccus
attachment are accompanied with wide lunar folds.
L. dlfjusus are bisaccate pollen, central body being
diffused but apparently rhomboidal; prOXimally
bearing unevenly wide 6-8 taeniae, distally narrow
lunar folds along the zone of saccus attachment
present. d. Lunatisporites pellucidus includes
bisaccate pollen, with vertically oval to rhomboidal
central body, which proximally bearing 4-6 taeniae;
distally, lunar folds absent.

DISTRIBUTION PATTERN OF SIGNIFICANT
SPECIES

Determination of Raniganj-Panchet boundary on
the basis of percentage frequency of spores and
pollen (Tiwari & Singh, 1986) has revealed
prominence of Densipollenites/Crescentipollenites
combination at the closing phase of Raniganj
Formation. Transitional trend is marked by the
incoming of Lundbladispora, Lunatisporites, Densoi
sporites and. Playjordiaspora at the top most
assemblage in Raniganj Formation. Quantitative
change in the assemblage at this level is distinct, and
it corroborates with the change in lithology where
carbonaceous and sandstone facies die out while
khaki·green shales come in to prominence (Tiwari &
Singh, 1983).

Relative positioning of the lithological boundary
and the palynological boundary (based on percent
age frequency of pollen & spore genera) have been
depicted in Text-fig. 1. Keeping the objective of the
present work of refinement and precision the
marking of Permo-Triassic boundary on the basis of
spore-pollen distribution, it has been found that the
taxa listed on p. 000 shows greater degree of

l-
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Text-figure I-Species behaviour patlern. Index: I-Densipo//enites invisus, D. indie us, D. densus; II-Densipo//enites magnicorpus;
III-Gondisporites raniganjensis; N-Lundb/adispora microconata, L. brevicu/a, Densoisporites con/actus, P/ayjordiaspora
cance//osa; V-Lunatisporites ovatus, L. dijjusus, L. pe//ucidus.

certainity and hence could be utilized in
determination of this boundary.

Range of individual representative species is
shown in a standard profile through Raniganj
Panchet boundary (Text- fig. 2) exhibiting
lithological succession composed of coal seams,
carbonaceous shale and sandstone beds (classified
in Raniganj Formation) followed by khaki-green
shale and sandstones (Panchet Formation). This
profile has been compiled on the basis of lithologs
prepared by Geological Survey of India from a
number of bore-holes in this area and represents a
generalized section for Raniganj-Panchet transitional
level.

The distribution pattern _of selected species
through this profile was finalised after a thorough
search of fossil taxa in scores of slides of each
sample. Absence of any species at any particular
level was put on record only when a number of
samples in the entire series in the log were
thoroughly checked. Thus, the absence is effectively
considered a positive evidence. The behaviour
pattern is as follows:

1. Densipollenites-This gen us exhibits
maximum species diversity at close to the Raniganj
Panchet transition as expressed by the fair record of
D. indicus, D. invisus, D. densus and D. magni
corpus, in assemblage zone R- I of Tiwari and Singh
(1986) which qualifies the uppermost part of
Raniganj Formation. The first three species are also

recorded from still older assemblages of the Lower
Gondwana. Further search in the succeeding
younger assemblage (i.e. in the shale and sandstone
unit above the topmost coal seam of the Raniganj
Formation) shows a sudden decline, in the frequency
of these species (Text-fig. 2), although the presence
of these species of Densipollenites continues in the
lowest bed of the khaki-green shales of Lower
Panchet Formation, where they are scanty as well as
sporadic. D. magnicorpus has been identified to be
the most important species because its prominence
is recorded only in the Raniganj Formation and not
in the younger sequences. As it is evident from the
Text-fig. 2, decline in the frequency of
Densipollenites spp. on one hand and emergence of
certain species (viz. of cavate spores and taeniate
pollen) characteristic of Panchet assemblage on the
other, are concurrent. Although three species of the
genus Densipollenites are transgressive, the palyno
logical boundary drawn on the basis of generic
dominance, their qualified occurrence (i.e. sporadi
city and inconsistency) further supportingly depicts
a definite change at this time plane.

2. Gondisporites-G. raniganjensis is found in
Raniganj palynoflora, within R-I and R-Il assemblage
zones proposed by Tiwari and Singh (1986).
Extensive search for this species in the R-I assemb
lage zone reveals its sporadic presence in the
sequence up to the top most coal seam of Raniganj
Formation; it hardly crosses the shale unit above this
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Text-figure 2-General lithological section at Raniganj!Panchet Boundary and variation in species occurrence.

seam (Text~fig. 2). In Panchet sediments it has not
been recorded. Evidently, its extinction is significant
at the palynological boundary (Le. R-I/P~I zone)
already drawn on the basis of percentage frequency
of spore~pollen genera.

Beside the above discussed taxa, there are
certain other species (given below) which are
quanti~tatively significant in Panchet palynoflora.
These show their first appearance almost at the
begining of Panchet and get diversified (Text-fig. 2),

3. Densoisporites-It is an important genus of
Panchet palynoflora and is represented by two
species-D. playjordii and D, contactus, An
extensive search of these species in R-I assemblage
zone (Tiwari & Singh, 1986) revealed the presence
of only one species, Le. D. contactus in the shale
and sanqstone unit (above the topmost coal seam),
and not below it. But in the younger strata above this
lithological unit, other species of Densoisporites also
start making their appearance (Text-fig. 2). Evidently
the incidences of D. contactus in the topmost
sandstone shale bed of the Raniganj Formation
indicates a Panchet affinity for this level.

4. Lundbladispora-Its maximum specific
diversification is identified in the Panchet palyno-

floras (Tiwari & Singh, 1986). The species generally
met within the Panchet are: L. willm0 tti, L.
brevicula, L microconata, L. densispinosa, L.
raniganjensis and L. warti. Within R-I assemblage
zone of Raniganj palynoflora, presence of this genus
is recorded by the species L. brevicula and L.
microconata only. All the more, their occurrence is
restricted only to the shale and sandstone unit,
above the topmost coal seam of the Raniganj
Formation (Text-fig. 2). Again, its occurrence
indicates a Panchet affinity for this level. It is, there
fore, clearly evidenced that the species of Lundbla
dispora can playa deciding role in deciphering the
Raniganj~Panchet boundary.

5. Playjordiaspora-This genus usually makes
its appearance in the Lower Panchet (khaki~green

shale unit) but, however, very sporadically and
sparingly it has been recorded in the shale and
sandstone unit above the topmost coal seam of the
Raniganj Formation. Till now two species-P_ cance
llosa and P. annulata are identified. An extensive
search in the topmost coal seam of Raniganj
Formation and above has revealed the presence of P.
cancellosa in shale and sandstone bed overlying the
topmost coal seam. It is not recorded in the topmost
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coal seam of the Raniganj Formation (Text-fig. 2).
Obviously, Playjordiaspora can be relied upon as a
good indicator of the Raniganj/Panchet transition
along with other floral elements.

6. Lunatisporites-This taeniate-disaccate
pollen is an import2.nt component of Triassic palyno
floras (Tiwari & Singh, 1986). When an immense
search for the occurrence of its species was made
through Raniganj-Panchet transitionary zone, only
three species, i.e. L. dzjjusus cf. L. pel/ucidus and L.
ovatus, stood out to show their qualified occurrence.
L. ovatus generally appear above the topmost coal
seam of the Raniganj Formation and gradually
acquires a better numerical importance in younger
horizons. However, sporadic and inconsistent
occurrence of L. dljjusuS and cf. L. pel/ucidus has
been recorded in the topmost coalseam of Raniganj
Formation but hardly below it (Text-fig. 2). These
three species, therefore, demarcate a level of change
at the close of R- I (Densipol/enites/Crescentlpol/e
nites) Assemblage zone.

REMARKS

Distribution pattern of the species discussed
(Text-fig. 2) brings out two major events at Rani
ganj/Panchet boundary. The first is the declination
of Densipol/enites phase (Text-figs 1, 2), above the
coal facies of Raniganj Formation and the second is
the simultaneous appearance of species of
Lundbladispora, Densoisporites, Playjordiaspora and
Lunatisporites heralding a new phase in the
palynoflora associated with a change in lithofacies.
Change in species distribution occurs in shale/sand
stone unit on the top of uppermost coal seam (Text
figs 1, 2). Other noteworthy record is the occurrence
of nonstriate-bisaccate taxa, assignable to Satsangi
saccites and Nidipol/enites, in the shale and sand
stone unit above the topmost coal seam. Beside the
well-logged data from bore-cores discussed above,
the occurrence of certain taxa of importance (viz.
Lundbladispora, Playjordiaspora, Densoisporites)
has been reported from the outcrop sections in
Hoharo River, Machkanda Jhor and Nonia Nala
sections (Bharadwaj, Tiwari & Anand Prakash, 1979).
These taxa at places, appear to occur in the older
strata than what has been determined in the sub
surface of above account. However, more precise
study of measured section in the outcrop of this type
is needed for ascertaining their distributi~n.

DISCUSSION

The Raniganj/Panchet boundary based on
lithological change has been established at the top
of sandstone which overlies the topmost coal seam.
Thus, the sandstone/khaki-green shale marks the

boundary. Palynological boundary drawn on quanti
tative determination of palynotaxa precedes this line
of lithological boundary (Tiwari & Singh, 1986). The
search for the role of palynotaxa at species level in
determining the boundary has revealed a definite
pattern of occurrence. The change in species starts
in shale/sandstone unit above the topmost coal
seam of Raniganj Formation (Text-fig. 2). This
analysis reveals that the various boundary lines
could be drawn in the follOWing order: lithology,
generic assemblage and spore pollen species. These
events represent Permian/Triassic time boundary.

Palynological boundary always precedes litholo
gical boundary (Tiwari & Singh, 1986). The
boundary based on species distribution, i.e. the first
appearance/ extinction or declination in frequency
precedes to the palyno-assemblage boundary. The
dWindling of already present species and simulta
neous appearance of certain new species at the level
of change is important (Text-fig. 2).

CONCLUSIONS

FollOWing conclusions have been drawn from
the present study:
1. All species in a palynological assemblage are not

suit2.ble for precise palynological age determi
nation, particularly with regard to age boundaries.
In order to find the qualifying species, intensive
search is needed involVing in recording trace
occurrence, on both the sides of the expected
boundary level. It is not the first appearance of a
species which proVides a clue to demarcate
boundary but the package of their behaviour
pattern including extinction patterns.

2. In the area understudy, considering the stratal
sequences from older to younger units
particularly with regard to the Raniganj·Panchet
boundary, the incoming as well as disappearance
of certain species has been recorded at the
earliest level; the demarcation in palynological
assemblages is evidenced after a time-lapse and
subsequently the change in lithology is the last
factor to become evident.

3. Lithological and biostratigraphical boundaries are
marked at a close range of each other. This level
is in the sandstone unit which is subjacent to the
khaki-green shale. This is considered to
demarcate the Permo-Triassic time boundary.

4. Sudden decline of Densipol/eniies invisus, D.
indicus and D. densus and disappearance of D.
magnicorpus and Gondisporites raniganjensis
heralds the close of Permian. Simultaneously, the
incoming of Densoisporites contactus, Lundbladi
spora microconata, L. brevicula, Playjordiaspora
cancel/osa, Lunatisporites ovatus, L. dijjusus and
cf. L. pel/ucidus ushers a new floral phase
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signifying the Triassic. This trend in species
occurrence (i.e. just above the topmost coal seam
of Raniganj Formation) definitely foreshadows the
time boundary because it is an expression of
benchmark change at this level.

5. The change in species behaviour at Raniganj/
Panchet boundary is an important evolutionary
event. Remarkable change in the percentage
frequency of palynoflora alongwith substantial
incoming of newer one, marks the palynological
boundary. It indicates a clear cut change in the
quality of floral elements and its major genetiC as
well as ecological alteration. This biological
bound;lry closely precedes the lithological
boundary which denotes the change in regional
tectonic set up and the area of provinence. The
change in certain species-appearance or dis
appearance is, however, first to occur. Obviously,
these three indications of a change- over are
suggestive of definite time boundary, i.e. Permo
Triassic boundary at thiS level of events.

6. The coal facies ceases to develop in this basin at
Raniganj/Panchet boundary when the area
became tectonically static and subsequently
khaki-green shales appear as the major
dominating lithology. The species distributional
design imparts a figurative appearance of two
patterns of cluster, one is decreasing and the
other is increasing (Text-fig. 1) pattern. In the
declining cluster pattern, the group of species
Densipollenites indicus, D. invisus, D. dens us, D_
magnicorpus and Gondisporites raniganjensis is
projected which qualify the Permian palynofloras.
These die out gradually. Other cluster pattern
which is reversed and emerges at the side of the
first one, depicts a slow but continuous
progressive increase of Triassic species, such as
Densoisporites contactus, Lundbladispora
microconata, L. brevicula, Playfordiaspora

cancellosa, Lunatisporites diffusus and L.
pellucidus. These two cluster patterns are
complementary to each other and therefore is
suggestive of a majer change ar this level.
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THE term Subathu was first used by Medlicott (1864)
for a conformable sequence of Palaeogene
sediments exposed in the Simla Hills, after the town
Subathu situated south-west of Simla. Later in 1879,
the term 'Sirmur Series' was given to the same stratal
sequence by Medlicott himself and the term Subathu
was restricted to its lowermost marine sequence.
Since then Eocene marine sediments of the
Himalayan foothills have been deSignated as
"Subathus".

The rocks of this formation occur as a
discontinuous outcrop along the narrow belt in the
extrapeninsular region of the Indian subcontinent
extending from Jammu in the west to the west of
Dehradun in the east. Its maximum development has
been observed in the north western region, i.e.
Jammu and Kashmir area which thins out south
eastwardly. In Simla Hills, they are conformably
overlain by the Dagshai sediments which, in turn,
are overlain by the Kasauli succession. The Subathu

Formation is mainly characterized by the
predominance of calcareous olive green (oily
looking), pale-olive, grey, black and purple shales
with subordinate lenticular bands of limestones,
siltstones and occasional sandstones. Coaly layers
have also been observed at the lowermost horizons
at certain places.

Different disciplines have been utilized for the
correlation of Subathu sediments of Himachal
Pradesh such as animal fossils, lithological variation,
mineral content of the rocks, etc. But it is not
possible to correlate the entire outcrop of the
Subathu Formation on the basis of a single
discipline. Moreover, the lithofacies of Subathu
Formation varies considerably from place to place
which creates problems in correlation. Besides,
sediments of this formation are much disturbed due
to tectonic activity associated with the Great
Himalayan uplift thus complicating the problem of
correlation.

249
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Table I-Lithological comparison between Subathu Formation exposed in Kalka-8imla (Solan District) and Banethi
Bagthan area (Sirmaur District) of Himachal Pradesh

Palynological
zones

Kalka·Simla area

Lithology Palynological
zones

BanerhiBagthan area

Lithology Remarks

Todisporires spp.
Cenozone

Subarhua sahnii
Cenozone

Cordosphaeridium
mulrispinosum
Cenozone

Hexagonijera spp.
Cenozone

Pale olive'green shales,
generally arenaceous in
nature, siltstOne bands
present, intercalation
of purple shales also
observed. Limestones
are tOtally absent.

Massive to nodular pale
olive·green shales with
siltstone bands. Shales
are slightly arenaceous
in nature. In the lower
pan intercalation of
grey shales and in
upper pan intercalation
of purple shales have
been observed.

Shales of various
colours, viz., grey
greenish·grey, olive·
green, needle like to

splintery to nodular in
nature. Siltstone bands
occassionally present,
bands or lenses of lime·
stOne or impure shaly
limestOne have also
been observed.
Olive·green, calcareous
splintery shales, greenish
grey splintery shales
with more pockets and
veins of calcite.

Todisporires spp.
Assemblage Zone

Subarhua sahnii
Assemblage Zone

Cordosphaeridium
inodes Assemblage
Zone

Alternation of calcareous
grey and purple shales,
generally calcareous in
nature. limestOnes are
completely lacking in
this assemblage zone.

Argillaceous limestone
with massive develop·
ments of grey shales
with intercalation of
thin bands of purple
shales and grey siltstone.

Splintery, purplish
shales intercalated
with siltstOne

In Banethi·Bagthan area
purple shales are highly
developed as cotTlpared to

the Kalka·Simla area,
otherwise both the horizons
have the same lithotogical
features.

Argillacious limestone bands
have been observed in
Banethi·Bagthan area which
are completely lacking in
Kalka·Simla area. It may
be of local imponance only.
In Kalka·Simla area, the
shales are mostly nodular
in nature and arenaceous.

In Kalka·Simla area lenses
of limestOnes or impure
shaly limestOne have been
found which are absent in
the Banethi·Bagthan area.
In other characters rocks
of both the places are
identical.

In Banethi-Bagthan area
Hexagonijera spp. Cenozone
not encountered in any of
the sections.

Homorryblium spp. Olive'green, calc
cenozone splintery
shales, containing
streaks and veins of
calcite lenses,
siliceous limestones
are common.

Homotryblium spp.
Assemblage Zone

Compact, dark purple In lithological characters,
splintery shales, grey Subathu sediments of both
laminated shales inter· the areas are almost
mixed with purplish grey, similar. In Banethi-
shaly limestOne. Minor Bagthan area siltstOne
panings of white lime- bands are present in
stOne have also been the shales which are less
observed in Bagthan developed in Kalka-Simla
section. In Dagalaghat area.
pale olive to purplish
shales tOgether with
greenish brown silt-
stone bands are present.

Cleisrosphaeri·
dium spp.
Cenozone.

Greenish·grey thinly
bedded calc. splintery
shales with lenses of
limestOne, sometimes
nodular. At Kumarhatti
shales are pale olive·
green in colour.

CleislOsphaeridium spp.
Assemblage Zone

Laminated dark brown
calc. shales dark brown
greenish, ferruginous
splintery shales. At
Dagalaghat some grey
to blackish siltstOne
bands present.

Overall characters of rocks
in both the areas resemble
closely excepting in the
presence of lenses of lime
stOne in the Kalka-Simla
area.

Barren Zone Massive black shales
associated with carbo·
nate bands and at times
intercalations of purple
shale facies. fl:' -'::' ~"\M2- i

L r~ _ _ ..

This horizon has not been
observed in the Banethi
Bagthan area.

( Continued)
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Cye/onephe
lium spp_
Cenozone

Alternations of shaly
limeslOne, limestone,
carbonaceous shales
inrercalated with
small coal bands_

Subathu sections of Banet hi
Bagthan area do not expose
the entire thickness of
the formation_ Therefore
we have not found these
rock rypes in our present
area of investigatiQn_

Table 2-Palynofloral comparison between Kalka-Simla
area (Solon District) and Banethl-Bagthan area (Slrmaur
District). Himachal Pradesh

H vermiculala, H sahnii, Subalhua sahnii,
Homolryblium abbrevialum,
H lenuispinosum, etc.

Remarks-In palynofloral composition thiS horizon is very
much similar 10 both the areas.

Remarks-One of the most interesting features of Banethi
Bagthan palynoflora is the complete absence of the genus Hexa
go IIijera.

Kalka-Simla area,
Palynological zones with
characlerislic speCies

Todisporiles spp_ Assemblage
Zone

Todisporiles dags!Jaiensis,
T kOliensis, T subalhuensis,
Lycopodiumsporites pal/amo
rensis, L cross ii, L singhii,
Inlrapunclisporis inlrapunCiis
Lygodiumsporiles barogensis,
Podocarpidiles kumarhalli
ensis, Cyalhidiles cooksonii,
etc.

Banelhi-Baglhan area,
Palynological zones with
characleristic species

Todisporiles spp_ Assemblage
Zone

Todisporiles major, T minor,
Trams, Amlaspora pseudos
Iriala, A. indica, Podocarpidiles
couperi, P. decorus, Gramini
diles media, Couperipollis pyri
spinosus, C. capilatus, Monopo
ropol/eniles kasauliensis, Palmi
diles noviculalus and P. inlra
joveolalus

Homolryblium spp. Assem
blage Zone

Homolryblium lenuispinosum,
H abbrevialum, Cye/onephe·
lium spinalum, Tenua kUlha
rensis, Oligosphaeridium
complex, Cleislosphaeridium
diversispinosu m, Hyslricho
sphaeridium granulalum, and
Thalassiphora velala_

Homolryblium spp. Assemblage
Zone

Homolryblium lenuispinosum,
H abbrevialum, H pallidum
HYSlrichosphaeridium lubi
jerum, CleislOsphaeridium
jlexuosum, C. diversispinosum,
Glaphyrocysla exuberans,
Graminidiles media, and
Spil1ijeriles membranaceous.

Hexagonijera spp. Assemblage Zone

Hexagonijera reliculala, H chlamydala,

Remarks-Cordosphaeridium mullispinosum occurs abun
dantly in the strata of Kalka·Simla area which is replaced by C.
inodes in Banethi-Bagthan area. The overall compOSition of
palynoflora resembles very closely each other.

Remarks-In palynofloral composition thiS horizon is very
much diversified in Banethi·Bagthan area than Kalka-Simla area_
Many new forms have been recovered from [he horizon of
Banethi-Bagthan area, but the general composition of the
palynoflora clearly indicates homotaxial relation between these
twO assemblages.

Subalhua sabnii Assemblage Subalhua sahnii Assemblage
Zone Zone

Cleislosphaeridium diver.iispi
nosum, C. jlexuosum, Ungulo
dinium macherophorum, Oper
culodinium cenlrocarpum,
Glaphyrocysla exuberans,
HySlrichosphaeridium lubi
jerum, Subalhua sahni/; Grami
nidiles media and Podocarpi
diles couperi.

Cleislosphaeridium spp_
Assemblage Zone

C/eislOsphaeridiu m spp.
Assemblage Zone

RemarkS-Although major forms of this assemblage zone are
common to both the places but the Kalka-Simla assemblage is
much more diversified than Banethi-Bagthan area.

Cye/onephelium spp. Assemblage Zone

C/eislOsphaeridium diversi
spinosum, C. disjunclum,
Cye/onephelium compactum,
C. spinelum, Tenua simla
ensis, Trichodinium hirsulum,
Oligosphaeridium complex,
Hyslrichokolpoma unispinum,
and Todisporites dag
shaiensis_

Cye/onephelium compaclum, C. _,pinalum,
C. divaricalum, Tenua simlaensis, T
kUlharensis, Trichodinium hirsulum,
Oligosphaeridium complex, CleislOsphaeridium
diversispinusum, C. disjunclum. etc.

Remarks-This assemblage zone has not been observed in
any of the secrioos of Banethi·Bagthan area. Lithological data also
supports this view.

Realizing these limitations, systematic
palynological investigations of this succession were
started at the Birbal Sahni Institute of Palaeobotany,
Lucknow about a decade ago_ Very detailed
palynostratigraphical investigations were carried out
in the Kalka-Simla area of Simla Hills, Himachal
Pradesh and a number of papers have been
published. Important contributions have been made
by Singh et al. (1978), Khanna et al. (1979), Khanna
and Singh (1981), etc. On the basis of qualitative

Cordosphaeridium inodes,
Homolryblium lenuispinosum,
H abbrevialum, H pallidum,
Senlusidinium rioullii, HySlri
chosphaeridium lubijerum,
Subalhua sahnii, S_ spinosa and
Graminidiles media.

Cordosphaeridium inodes
Assemblage Zone

Subalhua sahnii, S. spinosa,
Thalassiphora pelagica, T velata,
G/aphyrocysla divaricala, G_
exuberans, Cleislosphaeridium
j/exuosum, Opercu/odinium
cenlrocarpum, Dislalodinium
ellipticum and Sirialrileles
susannae

Cordosphaeridlum mullispi
nosum, C. jibrospinosum, C.
exilimurum, Subalhua sahnil;
T dagshaiensis, T kOliensis,
Lygodiumsporiles barogensis,
Thalasslphora vela/a, Cye/o
nephelium spinelum, and
Hexagonzjera sahnii.

Subalhua sahnii, Thalassi
phora velata, I. pelagica,
Cye/onephelium indicum,
Oligosphaeridium complex,
Cleistosphaeridium diversis
pinosum, C. disjunclum, C.
parvum, Homolryblium lenui
spinosum and Hyslrichosphae
ridium granulalum

Remarks-The palynofloral composition of two localities are
almost similar.

Cordosphaeridium mullispi
nosum Assemblage Zone
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and quantitative analyses of the palynological data,
the following seven cenozones and one barren zone
have been established (Singh et al., 1978) in
Subathu Section. Their ascending order of
stratigraphy is as under:

8. Todisporites spp. Cenozone
7. Subathua sahnii Cenozone
6. Cordosphaeridium multispinosum Cenozone
5. Hexagonljera spp. Cenozone
4. Homotryblium spp. Cenozone
3. Cleistosphaeridium spp. Cenozone
2. Barren zone
1. Cyclonephelium spp. Cenozone

Singh et al. (1978) have also recognized two
subzones, viz., Pediastrum spp. subzone,
Hystrichokolpoma spp. subzone in one section.
Kuthar nala section near the Subathu town has been
designated as the standard reference section. Khanna
et at. (1978) correlated eight measured sections of
Subathu Formation in the Kalka,Simla area on the
basis of distinctive palynological assemblages. They
have traced lateral continuity of the palynological
zones of the standard reference section in the
different sections located from north-east to south·
west in the Simla Hills, viz., Kummarhatti, Dagshai,
Dharampur A, Dharampur B, Dharampur C, Jabli and
Koti. Dharampur A section has been correlated with
the stratigraphic horizon of the type section

PLATE 1

(All photomicrographs are enlarged Ca.• 500 unless otherwise
mentioned).

1. Todisporiles minor Couper; Slide no. BSIP 6860; Coordinates
5·69.

2. Todisporiles rarus Sarkar & Singh; Slide no. BSIP 6860;
Coordinates 21 x96.5.

3. Amlaspora pseudoSlriala Sarkar & Singh; Slide no. BSIP 6861;
Coordinates 20.4 x 110.5.

4. Amiaspora indica Sarkar & Singh; Slide no. BSIP 6860;
Coordinates 21 x96.5.

5. Couperipol/is pyrispinosus Sarkar & Singh; Slide no. BSIP
6861; Coordinates 15x74.

6. Osmundacidiles mol/is (Cookson & Dellmann) Dellmann;
Slide no. BSIP 8423; Coordinates 14.5xI18.2.

7. Couperipol/is pyrispinosus Sa'rkar & Singh; Slide no. BSIP
6861; Coordinales 2.1 '85.8.

8. Sirialrileles susannae (van der Hammen) Kar; Slide no. BSIP
6928; Coordinales 10.81.5.

9. Podocarpidiles couperi Sarkar & Singh; Slide no. BSIP 6915;
Coordinlates 21.5 x 102.2.

10. PhragmOlhyriles eocaenica Edwards; Slide no. BSIP 6921;
Coordinates 5.8.104.

11. Operculodinium centroca1pum (Deflandre & Cookson) Wall;
Slide no. BSIP 6917; Coordinates 21.80.

12. Hyslrichokolpoma cinclum (Klumpp.) Damassa; Slide no.
BSIP 6895; Coordinales 14.107.

13. Homolryblium abbrevialum EalOn; Slide no. BSIP 6911;
Coordinales 11.8.116.

designated as Todisporites spp. Cenozone whereas
the Dagshai Section represents the upperpart of the
Cordosphaeridium multispinosum Cenozone,
Subathua sahnii Cenozone and Todisporites spp.
Cenozone. The Kumarhatti Section possesses all the
cenozones of the standard reference section
excepting the Hexagonifera spp. Cenozone.
Lithostratigraphically the cenozones of this section
are comparatively thinner but biostratigraphic
horizon corresponds to its equivalent horizon with
reference to the standard reference section. Lower
part of Dharampur B section has been equated with
the upper part of the Cordosphaeridium multispino
sum Cenozone of the type section. Likewise
Dharampur C section represents two palynological
zones, viz., Cleistosphaeridium spp. Cenozone and
Homotryblium spp. Cenozone whereas Koti Section
is represented only by the Cordosphaeridium
multispinosum Cenozone of the standard reference
section. The Jabli Section has been equated with the
palynological zones, viz., Cleistosphaeridium spp.
Cenozone, Homotryblium spp. Cenozone,
Cordosphaeridium multispinosum Cenozone,
Subathua sahnii Cenozone and Todisporites spp.
Cenozone. The Hexagonzjera spp. Cenozone has not
been observed in this section. They have established
two subzones, viz., Pediastrum spp. subzone and
Hystrichokolpoma granulata subzone but it is
assumed that they are of local significance because

14. Homolryblium pallidum Davey & Williams; Slide no. BSIP
6917; Coordinates 5.8.83.6.

15. Spini!eriles membranaceus (Rossignol) Sarjeant; Slide no.
BSIP 6903; Coordinates 7 x 102.

16. Homolryblium lenuispinosum Davey & Williams; Slide no.
BSIP 6903; Coordinates 19.5' 78.5.

17. SpimJeriles 'supparus (Drugg) Sarjeant; Slide no. BSIP 6826;
Coordinates 3.101.

18. Cleislosphaeridium !Iexuosum Davey el al.; Slide no. BSIP
6926; Coordinates 15.5. 117.8.

19. Hyslrichokolpoma cinclum (Klumpp) Damassa; Slide no.
BSIP 6896; Coordinates 15 x 101.5.

20. Cleislosphaeridium diversispinosum Davey el al.; Slide no.
BSIP 6898; Coordinates 7.8.108.2.

21. Adnalosphaeridium villalum Williams & Downie; Slide no.
BSIP 6924; Coordinates 15·73·5.

22. Hyslrichosphaeridium arborispinunl Davey & Williams; Slide
no. BSIP 6924; Coordinales 4. 99.

23. Pediaslrum d~fjusus Singh & Khanna; Slide no. BSIP 8422;
Coordinales 6 x77.8.

24. Pediaslrum wilsonii Singh & Khanna; Slide no. BSIP 8421;
Coordinates 14.5 x 106.2.

25. Laricoidiles himalayensis Sarkar & Singh; Slide no. BSIP
6925; Coordinates 5.2 x89.

26. Todisporiles major Couper; Slide no. BSIP 6927; Coordinates
15·735.

27. Subalhua sahnii Khanna & Singh; Slide no. BSIP 6907; Coor·
dinales 5. 117.5.

28. Glaphyrocysla exuberans (Deflandre & Cookson) Stover &
Evill; Slide no. BSIP 6923; Coordinales 105 x 85.
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Text-figure 2-Palynostratigraphical correlation of Subathu sediments of Kalka-Simla and Banethi-Bagthan area, Himachal Pradesh.

they are not laterally traceable.
Prompted by the successful application of

palynological fossils in correlating different sections
of Sabathu Formation in Kalka-Simla area the present
authors have carried out an extensive
palynostratigraphical investigation in the Benethi
Bagthan area of Sirmaur District, Himachal Pradesh
in order to find out the potentialities of the

established palynozones of Kalka-Simla area. On the
basis of recovered palynofossils five distinct palyno
logical zones have been established in this area. In
ascending order of stratigraphy they are:
Cleistosphaeridium spp. Assemblage Zone,
Homotryblium spp. Assemblage Zone,
Cordosphaeridium inodes Assemblage Zone,
Subathua sahnii Assemblage Zone and Todisporites
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spp. Assemblage Zone. Four measured sections, viz.,
Dagalaghat Village-Banethi-Bagthan Road Section,
Jhimroti-Banethi Road Section, Bagthan·Savar Road
Section and Amta-Surla Briddle Path Section, have
been correlated. Among these sections, Bagthan
Savar Road Section has been designated as the
standard reference section because it is the thickest
among all the four studied sections. Besides, it
contains all the assemblage zones established in the
present area of investigation. Considering the
Bagthan-Savar Road Section as the standard reference
section and on the basis of recovery of various
palynological assemblages, it has been possible to
equate different parts of the Subathu sediments with
the stratigraphic horizons of this section.

-- The Dagalaghat Village-Banethi-Bagthan Road
Section represents Cleistosphaeridium spp.
Assemblage Zone, Homotryblium spp. Assemblage
Zone, Cordosphaeridium inodes Assemblage Zone,
Subathua sahnii Assemblage Zone and Todisporites
Assemblage Zone in ascending order of stratigraphy.
The assemblage zones of this section have been
correlated with the corresponding assemblage zones
of the standard reference section. However, the
Subathua sahnii Assemblage Zone is associated with
a comparatively thinner strata.

The Subathu sediments represented in the
Jhimroti-Banethi Road Section have yielded two
types of palynological assemblages which are similar
to the assemblages of Subathua sahnii and
Todisporites spp. Assemblage zones. Therefore, the
stratigraphic horizons of this section containing
Subathua and Todisporites rich assemblages have
been correlated with the Subathua sahnii and
Todisporites spp. Assemblage zones of the Bagthan
Savar Road Section. It is also proposed that the lower
part of this section is equivalent to the upper part of
the Subathua sahnii Assemblage zone of the
standard reference section.

The Amta-Surla Briddle path section represents
only a part of the Subathu sediments and the
palynological information from the sediments allows
its correlation with the Todisporites spp. Assemblage
zone of the standard reference section.
Palynostratigraphic scheme of correlation of four
measured sections of the Subathu Formation is
presented in Text-fig. 1.

Palynostratigraphic correlation of the Subathu
sediments of Banethi-Bagthan and Kalka-Simla areas
of Himachal Pradesh (Text-fig. 2) shows that the
Subathu Formation is conformably overlain by the
Dagshai Formation in the Kalka-Simla area. Similar
situation is maintained in all four sections of the
Subathus presently investigated in the Banethi
Bagthan area. It is interesting to note that the
lithological simi larity of the Subathu sediments in
both the areas is very striking (Table 1) as is

exhibited by the presence of calcareous green,
purple or grey coloured spl intery shale,
carbonaceous shale, siltstone and limestone bands
separated from each other by the shales and
siltstones. In the uppermost part of the Subinhu
shales tend to become purplish in colour. However,
the basal horizons of the Subathu Formation of
Kalka-Simla area are characterized by having mostly
alternation of shaly limestones, carbonaceous shales
intercalated with small coal bands. Few older
corresponding horizons have not been found in the
Banethi-Bagthan area. The lower most Subathu
palynological assemblage of Kalka-Simla area
possesses the Cyclonephelium spp. Cenozone. This
palynozone has not been encountered in the
Banethi-Bagthan area. Palynological investigations
show that out of the seven palynostratigraphical
zones established within the Subathus (Singh et al.,
1978) of Kalka-Simla area, only five have been
located in the Banethi-Bagthan area. The
palynological compOSition of each zone within the
Subathu Formation of Kalka-Simla area is also
reflected in the corresponding zones of the Banethi
Bagthan area (Table 2).

The lowermost palynological zone of the
Subathu succession in the Banethi-Bagthan area is
the Cleistosphaeridium spp. Assemblage Zone. It
shows a close palynofloral similarity with the
Cleistosphaeridium spp. Assemblage Zone of the
Subathus in the Kalka-Simla area. Glaphyrocysta
divaricata (= Cyclonepheliu m divaricata),
Cleistosphaeridium diversispinosum, Lingulodinium
macherophorum, (= C. disjunctum) , Homotryblium
tenuispinosum, Oligosphaeridium complex and
5ubathua sahnii are the important taxa common to
both the assemblages

Homotryblium spp. Assemblage Zone, the next
palynozone of Subathu Formation (Banethi-Bagthan
area) shows a close correspondence in palynofloral
composition with the Homotryblium spp. Cenozone
of the Kalka-Simla area. The stratigraphically
important forms common to both the palynozones
are Cleistosphaeridium diversispinosum,
Homotryblium tenuispinosum, H. abbreviatum,
Hystrichosphaeridium tubiferum and Subathua
sahnii. In ascending order of stratigraphy, the third
palynological zone of the Subathu Formation in
Banethi-Bagthan area is Cordosphaeridium inodes
Assemblage Zone. This assemblage zone has been
equated with the Cordosphaeridium multispinosum
Cenozone of the Kalka-Simla area on the basis of
identical lithology and overall similar palynoflora I
compOSition. The corresponding levels of the
Subathu Formation at both the places have abundant
occurrence of the genus Cordosphaeridium.
Homotryblium tenuispinosum, H. abbreviatum and
Subathua sahnii are common to both the
assemblages. Hexagonifera spp. Cenozone in

..
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between the Homotryblium spp. Cenozone and
Cordosphaeridium m ultispinosum Cenozone of the
Subathu succession in Kalka-Simla area has not been
located in the present area of investigation.

The fourth palynological zone of the Subathu
Formation in the Banethi-Bagthan area is Subathua
sahnii Assemblage Zone. This assemblage zone has
been correlated with the Subathua sahnii Cenozone
of the Kalka-Simla area on the basis of the
dominance of Subathua sahnii, S. spinosa and
Thalassiphora pelagica, etc.

The next assemblage zone of the Subathu
Formation is represented by Todisporites spp.
Assemblage Zone in both the areas rogether with
similar composition of palynofossils. This
assemblage zone at both the places is characterized
by having exclUSively pteridophytic spores,
gymnospermous and angiospermous pollen grains.
Thus it is quite apparent from the above facts that
the five palynological zones of the Banethi and
Bagthan areas have a close relationship with the five
palynofloral zones of the middle and upper part of
Subathu Succession of Kalka-Simla area of Simla
Hills. On all possible counts they can be assumed ro
be representing the lateral continuation of the Kalka
Simla palynozones. Based on their close
resemblance these palynozones have been
correlated as given below:

Kalka-Simla area Banethi-Bagthan area

Todisp0 rites spp. Ceno- = Todisporites spp. Assem-
zone blage Zone

Subathua sahnii Ceno- = Subathua sahnii Assem-
zone blage Zone
Cordosphaeridium multi- =Cordosphaeridium inodes
spinosum Cenozone Assemblage Zone
Homotryblium spp. =Homotryblium spp.Assem-
Cenozone blage Zone
Cleistosphaeridium spp. =Cleistosphfleridium spp.
Cenozone Assemblage Zone

From the foregoing discussion it is evident that
lateral continuation of the Subathu palynozones over
widely separated areas in Himachal Pradesh is a
significant phenomenon which can reliably be used
in palynological correlations.
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Leaf impressions resembling those of the modern Dipterocarpus turbinatus Gaertn. f. and D. tuberculatus
Roxb., have been described from the Lower Siwalik beds of Balu-Goloa, near ]awalamukhi (Himachal Pradesh) as
Dlpterocarpus siwalicus sp. nov. Their occurrence indicates that a moist tropical forest was growing near
]awalamukhi during the Middle Miocene times.
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A NUMBER of angiospermic leaf-impressions
belonging to Berchemia, Ficus, Fissistigma, Lager
stroemia, Smilax and Ziziphus and a fruit of Dal
bergia were described from the ]awalamukhi area in
district Kangra, Himachal Pradesh (Lakhanpal, 1965,
1966, 1968, 1969; Lakhanpal & Dayal, 1966). These
fossils came from the Lower Siwalik beds (Sahni &
Mathur, 1964; Karunakaran & Ranga Rao, 1979)
exposed near the village Balu-Goloa (31 ° 57'N:
76° 16' E), about 12 km northwest of ]awalamukhi.
From the same area, though not from Balu-Goloa,
Mathur (1978) described leaf-impressions of
Mallotus and the artificial genera Papilionoid and
Poacites. In addition, a fossil wood, Anisopteroxylon
jawalamukhit had also been described by Ghosh
and Ghosh (1958) from the Middle Siwalik
exposures near the village Khundian (31 °56'N :
76°23' E).

The occurrence of leaf-impressions resembling
those of Dipterocarpus in the Siwalik sediments of
the ]awalamukhi area had already been reported by

Lakhanpal (1970, p. 683; 1974, p_ 34). They were
collected from near Balu-Goloa and are being
described in the present paper. These impressions
are preserved on compact, fine-grained sandstones
of the Lower Siwalik horizon.

DESCRIPTION
Family- Dipterocarpaceae
Genus- Dlpterocarpus Gaenn. f.

Dipterocarpus siwalicus sp. nov_
Fig. 1; Fig. 2 A-C

The species is represented by more than a
dozen well preserved impressions of small to large
leaves. Leaves seemingly symmetrical, ovate to

elliptic, lamina 8.5-21.5 cm in length and 6.0-11.0 cm
in width; apex acute to slightly attenuate; base more
or less round to cordate; margin entire or slightly
undulate; texture thick chartaceous; petiole not
preserved; venation pinnate, eucamptodromous;

258



lAKHANPAL & GULERIA-FOSSIL LEAVES OF DfPTEROCARPUS 259

primary vein (1 0

) moderate, more or less straight to
slightly curved; secondary veins (2 0

) usually
alternate, rarely a few secondaries oppositely
arranged, angle of divergence acute, 25 0 -80 0 (mostly
40 0-60 0), decreasing from base towards apex, course

straight to uniformly curved, unbranched,
intersecondary veins absent; tertiary veins C3 0) with
angle of origin about 70 0-80 0; pattern percurrent,
course somewhat wavy, unbranched, running
obliquely in relation to mid-vein, arrangement

~

Figure 1- Diplerocarpus siwalicus sp. nov.• Natural size. Specimen no. 8SlP 35859.
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Figure 2A-C- Diplerocarpus siwalicus, leaves showing varialion in size and shape-NalUral size. Specimen nos. BSIP 35860·35862.

mostly alternate, usually close, rarely distant; higher
order venation not seen.

Holotype-Specimen no. BSIP 35859.
Paratypes-Specimen nos. BSIP 35860-35862.
Locality-Near Balu-Goloa (31 0 57' N: 76 0 16'

E), about 12 km north-west of ]awalamukhi, district
Kangra, Himachal Pradesh.

Horizon & Age-Lower Siwalik; Middle Miocene

DISCUSSION

The main features of the fossil leaves are:
(i) broadly ovate shape, (ii) medium to large size,
(iii) acute to slightly attenuated apex, (iv) broadly
obtuse to rounded base, sometimes also cordate,
(v) thick texture, (vi) secondaries coming off
straight from the midrib and curving up near the

margin, (vii) angle of divergence of the secondaries
decreasing from base towards the apex, and (viii)
tertiaries in slanting. cross·ties. Considered collec
tively, they clearly indicate that these leaves belong
to the family Dipterocarpaceae. Very close
comparison is offered by the genera Shorea and
Dlpterocarpus. However, in Shorea there is very
often a prominent branching of some of the secon·
daries, which is not found in any of the present leaf.
impressions. Thus the fossil leaves can be assigned
to the genus Dipterocarpus Gaertn. f.

There are many living species of Dipterocarpus,
but some have much larger or thicker and s~iffer

leaves while in others the leaves are smaller. In 3-4
species there is an occasional inter·secondary
between adjacent secondaries. In almost all the
characters and range of size, the closest resemblance
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Name Autbor Locality Age Comparable modern taxa

Anisoptera tburifera Me rrill (1923) Luzon Pliocene Anisoptera
(Philippines)

Dipterocarpaceopbyllum Krausel (1929) Sumatra Tertiary Dipterocarpaceae, gen us
sumatrense indeterminate
Dipterocarpopbyllum gregoryi Edwards (1923) Burma Tertiary Dipterocarpaceae, genus

indeterminate
D. bumei Seward (1935) Egypt 'Tertiary Sborea
D. zeraibense Seward (1935) Egypt 'Tertiary Sborea
Dipterocarpus antiquus Heer (1883) Sumatra Tertiary ?Dipterocarpus
D. atavinus Heer (1883) Sumatra Tertiary ?Dipterocarpus
D. labuanus Geyler (1887) Labuan Tertiary ,?Dipterocarpus
D. nordenski'oldi Geyler (1887) Labuan Tertiary ?Dipterocarpus
Dlpterocarpus sp. Geyler (1887) Labuan Tertiary ?Dipterocarpus
Doona? cbaneyi Wolfe (1977) Alaska (U.S.A.) Eocene Doona
Hopea fagifolia Schuster (1911) Java Pleistocene Hopea
Parasborea cbasmanensis Wolfe (1977) Alaska (US.A.) Eocene Parasborea
P pseudogoldiana Wolfe (1977) Alaska (U.S.A.) Eocene Parasborea
Pbyllites dipterocarpoides erie (1888) Java Pliocene Dipterocarpus
P. (Hopea) praecursor Geyler (1875) Borneo Eocene Hopea
Sborea guiso Merrill (1923) Luzon Pliocene Sborea

(Philippines)
S. polyspermum Merrill (1923) Luzon Pliocene Sborea

(Philippines)
Valica lancifolia Schuster (1911) Java Pleistocene Vatica

is shown by the leaves of Dipterocarpus turbinatus
Gaertn. f. However, in one feature there is some
difference. In D. turbinatus the leaf base is broadly
obtuse to almost rounded and the same is found in
most of the fossil specimens. But in two or three
impressions the leaf base is cordate. Such a base is
found in the leaves of D. tuberculatus Roxb., which
are usually larger in size than those of D. turbinatus.
Thus the present fossil combines almost all the
features of the leaves of D. turbinatus with one
found in those of D. tuberculatus. Most probably it
,represents an ancestral form from which these two
species have evolved. As far as we are aware, there
are 19 records of fossil leaves referred to Oiptero
carpaceae as listed below, giving relevant
information about their provenance, age and
comparable modern taxa.

It is not our intention here to evaluate the
correctness and validi ty of all these records but to
consider those that can be compared with the Balu
Goloa leaves for taxonomic relationship. Going by
the identifications given by the previous workers,
the following six records merit discussion as far as
their affinity with Dtpterocarpus is concerned:

1. Dipterocarpus antiquus Heer
2. D. atavinus Heer
3. D. labuanus Geyler
4. D. nordensk{oldi Geyler
5. Dipterocarpus sp. Geyler
6. Phyllites dtpterocarpoides erie.

About Dipterocarpus antiquus and D. atavinus
Edwards (1923, p. 161) remarked that these two
species might belong to the family Oipterocar-

paceae, particularly D. atavinus, but did not
comment about their generic identification with
Dtpterocarpus. Earlier Brandis (1895, p. 4) had also
accepted D. atavinus as belonging to Oipterocar
paceae but considered it as a species of Shorea
rather than Dipterocarpus. Th us these two species
are not definitely assignable to the genus
Dipterocarpus. Edwards (1923, p. 162) had
examined the original specimens of Dipterocarpus
labuanus, D. nordenski'oldi and Dipterocarpus sp. of
Geyler in the Stockholm Museum and was not
convinced about the certainty of their attribution as
according to him these specimens were not
definitely identifiable. According to Brandis (1895,
p.4) these fOSSils "show no characters which warrant
their reference to the Oipterocarpaceae". Bancroft
(1933, p. 82) agreed with the above opinions and
suggested that these records of Geyler should be left
out of any account of the geological history of the
Oi pterocarpaceae.

Phyllites dipterocarpoides has been compared
with the leaves of the modern species Dipterocar
pus baudii and as such can be considered the only
authentic fossil record of a Dipterocarpus leaf.
Leaves of D. baudii (synonym of D. duperrianus)
are very thick, large and hairy and quite distinct from
those of D. turbinatus or D. tuberculatus with which
our fOSSils are closely comparable. Therefore, we are
assigning the Balu-Goloa leaves to a new species,
Dipterocarpus siwalicus, named after the Siwalik
beds from which they were collected.

Dipterocarpus turbinatus, with which D.
siwalicus shows the closest resemblance, is a lofty
tree, 37-46 m, high, distributed in Assam, Andamans,
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Bangia Desh, Burma, Cochin·China and Thailand.
The tree is not typically gregarious though
sometimes it approaches that condition in patches. It
is found in the forests of the moister tropical type,
evergreen or semi-evergreen, where it towers over
the rest of the associates, often with an undergrowth
of palms, canes and climbers. In its natural habitat
the absolute maximum shade temperature varies
from 37" ·41 °C and the absolute minimum from 7".
16°C. The rainfall varies from 1,500-5,000 mm.

The other comparable modern species, D.
tubereulatus, is a large deciduous tree, 30-37 m
high, growing gregariously in Burma, Cochin-China
and Thailand. From Burma it also extends into the
borders of Assam and Bangia Desh. It is found in
localities where the absolute maximum shade
temperature varies from 37.5 °C to 43 °C and the
absolute minimum shade temperature from 4.5 0.

10°C. The normal rainfall varies from about 900·
3050mm.

The climatic requirements of the above two
speci-es closely comparable with D. siwalieus,
indicate that a rich, moist tropical forest must have
been growing ar~:)lInd the fossil locality during the
Middle Miocene times when the Lower Siwam
sediments were deposited there.
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degree, this mode of phylogenetic evolution would
be called neoteny by Takhtajan. As far as an organism
may be reduced or not, paleobotanical record can
demonstrate.

It seems that the more principles of neoteny
became acknowledged by botanists, the more was it
possible to judge ontogenetical (and some
teratological?) events in connection with
phylogenesis and last but not least with paleobotany.
Enlargement of organisms by new organs does not
take place in continuity as well in phylogeny as in
ontogeny.

It seems to be of importance that most of the
higher plants [particularly angiosperms

AFTER Zimmermann's (1966) view of "Hologeny"
qualitative new organs (characters) in plant
phylogeny can be developed by a certain
heterobathmic composition ("mosaic") of partial
multiplications and partial stability of older ones.
While some organs and characters remain in ancient
stature and shape, an other part becomes
comparably smaller and increases in quantity. The
combination of all these parts by fusion forms a new
organ (character). Referring to this there' seem to be
no differences between genetics and phylogenetics.
Some examples of hybrids and so·called teratologies
show the same (Guedes). If reduction in the above
mentioned manner becomes evident in a high
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LudWig Ruffle, Palaeontologisches Museum, Museum fur Naturkunde, Humboldt Universitat, D.D.R.·I040
Berlin, West Germany.

Morphogenelics and interpretative morphology of ancient angiosperms, as evidenced by pollen and leaves
from the Middle and Lower Cretaceous, are discussed. The similarity of pollen in Chloranthaceae and Austrobaileya
shows close relalionship which confirms Meeuse's Amhocorm Theory. General morphology of Monimiaceae and
Piperaceae is investigated to find some morphological peculiarities of their organs concerning their phylogenetic
ambiguity. The flowers of Monimiaceae resemble those of Whilileseya and the inflorescences of Piperales
(Saururales) resemble some so·called leralologies in modern hybrids of certain Rosaceae. The lack of pelals in
Nelliusia as well as certain inflorescences of Bennellitales need consideralion.

RUffle, Ludwig (1987). Characlers and homologies of ancient angiosperms as related to their origin.
Palaeobotanist, 35(3) : 263·266.

Ludwig Ruffle



264 THE PAlAEOBOTANIST

~

A

B

Text-figure l-A-C. Spiracea van Hounei ZBI. (hybrid of spe.
cies) : Prolificalion of flower, ca' 10, ca' 20, ca' 30
respectively.

(Magnoliophyta) ir a high degree] are similar in
cotyledonar and reproductive (floral) regions:
shape of foliar appendages, gonophylls, semaphylls
("bracts, petals"), venation, marginal meristems,
trichotomy, dichotomy (particularly in default of
buds), central steles, dedifferentiation of adaxial and
abaxial surfaces (particularly in some monocots)
Ruffle (1969, 1980). The higher coordinations and
differentiations as angiosperm phylogeny has

produced them, seem to be a heterobathmic mixture
of intermediate programs of se~eral morphogenetic
events resembling loops of computers. If any loop
lacks, regeneration of morphogeny becomes
neoteny. New characters of organisms cannot simply
be added terminally in ontogenesis or phylogenesis
at least. This may be the main reason that for
derivation of angiosperms (Magnoliophyta) from
ancient groups, comparisons (and definitions) with
flowers only are insufficient; paleobotany needs
more or less parts in connection or the whole plant
for reconstruction of ontogeny. Knowledge of
modern plants can make it easy. It seems that in
angiosperms many buds (perhaps cenain flowers),
intercalary gwwth of leaves and shoots (Doyle &
Hickey) and secondary thickening or the whole stem
of trees from cotyledons to the reproductive region
are such inter-mediated programs, characterized
rather by many postgenital adnations.

Hagemann has shown that in Helleborus (and
obviously in Platanus, Dewalquea (Fagaceae) and
Araceae too) the pedate shape of foliar leaves
originates from a secondary meristem which is
arranged across the petiole. The leaves though
compound are homologous to any other simple leaf
of Ranunculaceae (Platanaceae, Fagaceae, Araceae).
But the more leaves are compound in the pedate
manner, the so-called leaflets are at the same time
homologous with simple leaves concerning the
groups mentioned above. In view of phylogeny (and
neoteny) each homology seems to be ambiguous.

ObViously plant organs can produce more plant
organs close to the former by neotenic regeneration.
The present author postulates that the median
prolifications in the flowers of some hybrids in
Spiracea or Geum producing small clusters of new
flowers instead of carpels, etc. are not only
teratological, they are atavisms resembling the
inflorescences of Piperales (Saururales), which are
regarded by Kuprianova and Meeuse to be one of the
oldest angiosperm families close to Araceae. For
Peperomia Leinfellner has found out that the
hypopeltate bracts within the spica resemble the
mode of gro'Wth of the so-called "Querzone" of
angiospermous carpels and some cotyledons. To the
present author it seems possible to interpret the
inflorescences of Piperales nearly as an
inflorescence as well as only one cone-like flower.
The basal bracts seem to be petals. This recalls the
anthocorm theory with a small correction: The
inflorescences of Piperales (Saururales) seem to be
homologous pro parte to the flowers of Magnolia
(holanthocormoid) but the Single flowers of
Piperales (anthoid) likewise pro pane.

This could explain many premises of the
anthocorm theory (theory of polyaxis in floral
region). Meeuse (1976) draws the attention also to
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Figure i-A, Spiracea van Houtlei ZBL (hybrid of species):
Prolification of flower; B, Geum riuale L.
(hybrid» after Krechetowich, 1952; prolification
of flower; C, Cercidiphyllum arachiodes (Lesq.)
Brown: "Trochodendrocarpus" by Meeuse, 1974
supposed to be related wirh Amborella (Monimia·
ceae sensu lato), vessel· less wood, Anthoid or
Ho!anthocormoid'; D,." Myrica" pseudoquerClfolia
Kr':iusel, 1922: Monimiaceae from the Senonian of
Quedlinburg (x 2). Protohedycarya pseudoquer·
cifolia (Krausel) Ruffle comb. nov.

morphology, particularly in the broad undulated
margin. The nearly anemochore diclinic flowers of
Amborella and some Monimioideae (Monimiaceae)
and their fossil and extant distribution could
demonstrate that in fact this family would be one of
the oldest angiosperms on the whole as well as
Piperales. This corresponds to the anrhocorm theory
(in both being homoxylous woods). Perhaps
Magnoliaceae arose much later (see inflorescences
of Bennettitales).

Monimiaceae, particularly the similarity between
Trochodendrocarpus and Amborella fructifications.
The present author wants to emphasize that the
flowers of Amborella and some Monimioideae
harmonize very well with Meeuse's anthocorm
theory; In Europe some Upper Cretaceous leaves of
Monimioideae with cuticles ("Myrica"
pseudoquercijolia) Krausel (1922), Ruffle (1965),
Knappe & Ruffle (1975, figure 5) are close to some
Cissites ("Cissus tavaredensis" Teixeira) from Aptian
and Albian (Potomac flora) in shape and
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Text-figure 2-A, Protohedycarya pseudoquercifolia (Kr"ausel) Ruffle comb. nov.; B, Cissites tavaredensis Teixeira, 1948 from Aptial!
Albian, Portugal; C, Cissites sp. after Lebedev, 1974 from Aptian/Albian, Siberia (B and C are supposed to be related with
Protohedycarya pseudoquercijolia (Krause!) Ruffle comb. nov. based on cuticles.
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(Assam). Part-III. Pteridophytic spores
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In all, 288 rock samples were collected from the
Barail·Surma sediments of Sonapur-Badarpur Road
Section, out of them 216 samples proved to be
palynologically productive. The palynofossils
recovered from these samples include dinoflagellate
cysts, fungal remains, spore-pollen and micro
remains of obscure origin. The present paper deals
exclUSively with the systematic description of 18
pteridophytic spore genera and 32 species, which
constitutes only a part of the study. Six species
belonging to different genera have been established
as new. In addition, the diagnosis of
Lygodiumsporites lakiensis has been emended. The
systematic description of the dinoflagellate cysts
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Rao, M. R. & Singh, H. P. (l987). Palynology of lhe Barail (Oligocene) and Surma (Lower Miocene) sedimems
exposed along Sonapur·Badarpur Road Seclion, ]aimia Hills (Meghalaya) and Cachar (Assam). Pan·II1.
Pleridophytic spores. Palaeobotanist 35(3) : 267 -280.

The presenl paper deals Wilh lhe syslemalic descriplion of pleridophytic spores recovered from lhe Barail
(Oligocene) and Surma (Lower Miocene) sedimems exposed along Sonapur·Badarpur Road Seclion, Meghalaya and·
Assam. The pteridophytic spores are represemed by 18 genera and 32 species. Quamilalive analysis of the
assemblage reveals that lhe pleridophytic spores are lhe dominam (63%) e1emenls oflhe assemblage. Palynological
data reveals lhal tropical·sublropical humid climale prevailed during lhe deposition of the sequence of sedimems.

Key-words-Palaeopalynology, pleridophytic spores, Oligocene· Lower Miocene (India).
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fHE Barail·Surma sediments are excellently exposed
in between Sonapur-Badarpur Road Section
(National Highway-44) located at south east of
Shillong. The Barail Group is represented by
Laisong, ]enam and Renji formations. The Renji
Formation is unconformably overlain by the Surma
Group. This group is divided into lower Bhuban and
upper Bokabil formations. The Bhuban Formation is
again divided into Lubha, Umkiang and Dona
members. The lithostratigraphy of this section has
been published by Saxena and Tripathi (1982). The
details of rock samples from different formations
and the palynological studies by different workers
on the Tertiary sediments of north-eastern India
have been discussed by Saxena and Rao (1984).
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(Saxena & Rao, 1984) and fungal remains (Singh et
aI., 1986) have already been published.

For the recovery of palynofossils, samples were
treated with HCl, HF and HN03 . The digestion
period of samples varied from 7 to 10 days. The
samples were then washed with distilled water and
then treated with 5% KOH solution for about 5-10
minutes. The material was finally washed through
400 mesh sieve. The slides were prepared in
polyvenyl alcohol and mounted in DPX Mountant.
All slides and negatives were deposited in the
repository of Birbal Sahni Institute of Palaeobotany,
Lucknow.

The present palynological assemblage has been
arranged following the classification proposed by
Potonie and Kremp (1954, 1955, 1956) and
subsequently modified by Potonie (1956, 1958,
1960, 1966, 1970) and Dettmann (1963).

SYSTEMATIC DESCRIPTION

Genus-Cyatbldltes Couper 1953

Type species-CyathidUes australis Couper
1953

Cyathidites australis Couper 1953
PI. 1. fig. 1

Distribufion-Cyathidites australis Couper
(1953) is widely distributed in the Upper Mesozoic
and Tertiary strata of India.

Occurrence-Bhuban Formation, Surma Group.
Ajjinity-Cyatheaceae (Couper, 1953).

Cyathidites minor Couper 1953
PI. I, fig. 2; PI. 2, fig. 16

Remarks-The miospores of C. minor reported
from the Barail and Surma (Oligocene-Miocene)
sediments of Sonapur-Badarpur Road Section,
Megha!aya and Assam are slightly bigger in size (up
to 52 I-'m) than those described by Couper (1953)
from New Zealand.

Distribution-C. minor Couper (1953) is
reported both from the Mesozoic and Tertiary
sediments of India. .

Occurrence-Laisong Formation, Barail Group;
Lubha and Dona members, Bhuban Formation,
Surma Group.

• Ajjinity-Cyatheaceae (Couper, 1953, 1958).

Genus-Lygodlumsporttes (PotonH:. Thomson 4
Thlergan) Potonle 1956

Type species-Lygodiumsporites adriennis
(Potonie & Gelletich, 1938) Potonie, Thomson &
Thiergart 1950.

Lygodiumsporites lakiensis Sah & Kar 1969 emend.
PI. 1, figs 3, 4

Emended diagnosis-Miospores triangular to
subtriangular in equatorial view, apices broadly
rounded, interapical sides convex. Size range 50-56
I-' m. Trilete mark distinct, Y-rays reaching 2/3-4/5 of
the spore radius, labra distinct, enclosing the suture,
ray-apex and vertex raised, broader near the apex,
gradually narrowing towards the ray-ends. Proximal
face convex, distal face almost flat. Exine 1.5 I-'m
thick, laevigate. Extrema lineamenta smooth.

Remarks-The restated diagnosis of L. lakiensis
is based on the study of about 25 specimens whith
have been recovered from the present assemblage.
The presence of thick labra in the illustration of the
type specimen of Lygodiumsporites lakiensis is
clearly discernible though it has not been
mentioned by Sah and Kar (1969, pI. 1, figs 15-17).

Distribution-Palaeocene, Eocene and
Oligocene of Kachchh, Gujarat (Sah & Kar, 1969;
Saxena, 1978; Kar, 1979).

Occurrence-Barail and Surma groups.
Ajjinity-Sch izaeaceae.

Lygodiumsporites eocenicus Dutta & Sah 1970
PI. I, figs 5, 10

Restated diagnosis-Miospores subtriangular to
triangular in equatorial view, apices broadly
rounded, interapical sides usually convex. Size range
53-77 I-'m. Trilete mark distinct, Y-rays extending 2/3
of the spore radi us, ray-apex conspicuously raised
over a small area, ray-vertex almost flat and tapering
towards the ray-ends. Exine 1-2 I-'m thick, laevigate
often heavily folded. Proximal face of the exine
almost flat, distal face deeply convex. Extrema
lineamenta smooth.

Remarks-Most of the specimens of
Lygodiumsporites eocenicus from the present
assemblage possess very distinct trilete rays,
extending usually 2/3 of the spore radius together
with a flat proximal and deeply convex distal face in
contrast to the observations of Dutta and Sah (1970).
According to these authors the proximal face of L.
eocenicus appears to be almost convex. This fact has
not been confirmed by our observations on the
specimens studied from the present assemblage as
well as those illustrated by the original authors.

Distribution-Lower Eocene of South Shillong
Plateau, Meghalaya (Dutta & Sah, 1970); Palaeocene
Eocene sediments of Tura Formation, Meghalaya
(Singh, 1977); Palaeocene of Kachchh, GUjarat
(Saxena, 1978).

Occurrence-Laisong and ]enam formations,
Barail Group; Bhuban Formation, Surma Group.

Ajjinity-Schizaeaceae.

Lygodiumsporites donaensis sp. nov.
PI. I, figs 7, 16

Holotype-PI. 1, fig. 7, size 60 I-'m; BSIP slide no.
8408.



Biretisporites oligocenicus sp. nov.
PI I, figs 17, 15

Genus-Biretisporltes (Delcourt & Sprumont)
Delcourt, Dettmann & Hughes 1963

Type species-Biretisporites potonitiei Delcourt
& Sprumont 1955.

Holotype-Pl. 1, fig. 15, size 88 J.L m; BSIP slide
8388.
Type localit~142 km-stone (from Shillong),

Sonapur-Badarpur Road Section, Meghalaya.
Type Horizon-Laisong Formation, Lower

Oligocene, Barail Group.
Diagnosis-Miospores subcircular to

subtriangular. Size range 70-88 J.Lm. Trilete mark
distinct, Y-rays reaching 2/3 of the radius,
commissures raised, enclosed within the extension
of the upturned exine. Exine 2-4 J.Lm thick, scabrate_

Description-Miospores mostly subcirular in
equatorial view, apices bluntly rounded, interapical
sides ± convex. Trilete mark distinct, Y-rays reaching
2/3 of the radius surrounded by thick labra, broader
at the centre of the Y-mark and narrower at the ray
ends, enclosed within the extension of the upturned
exine. Exine 2.5 J.Lm thick, scabrate. Few folds
present.

Comparison-Biretisporites oligocenicus sp. nov.
compares with B. meghalayaensis sp. nov. by its
raised trilete mark which lies within the extension of
the upturned exine. However, the former can be
distinguished in having thicker exine (4 J.L m thick)
and broader labra at the centre which narrows down
at the ray-ends and is usually straight. B. potoniaei
Delcourt & Sprumont (1955) differs by having
longer trilete rays, extending up to the periphery. B.
convexus Sah & Kar (1969) is different in having
smaller size (65 J.Lm) and uniform thickening along
the y. mark. B. spectabilis Dettmann (1963) possesses
conspicuous lips and extension of the trilete mark
up to the equator, hence it is not comparable. B.
bellus Sah & Kar (1970) and B. singularis Salujha,
Kindra & Rehman (1974) are smaller in size. B.
crassisexinus Venkatachala & Rawat (1973)
possesses finely granulose ornamentation and hence
it is not comparable.

Occurrence-Laisong Formation, Barail Group.
Affinit~?Hymenophyllaceae.

Biretisporites meghalayaensis sp. nov.
PI I, figs 9, 13

Holotype-Pl. 1, fig. 9, size 61 J.Lm; BSIP slide no
9030.

Type Localit)~169 km-stone (from Shillong),
Sonapur-Badarpur Road Section, Meghalaya.

1958

Genus- Todisporltes Couper 1958

Type
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Type localit~166:5 km-stone (from Shillong), Occurrence-Laisong Formation, Barail Group;
Sonapur-Badarpur Road Section, Meghalaya Lubha and Dona members, Bhuban Formation,

Type Horizon-Dona Member, Bhuban Surma Group.
Formation, Surma Group, Lower Miocene. Affinit~Osmundaceae.

Diagnosis-Miospores triangular to
subtriangular. Size range 65-85 J.Lm. Trilete mark
distinct, Y-rays - reaching ± half of the radius
accompanied by thickened exine all along the Y
mark. Ornamentation laevigate-scabrate.

Description-Miospores mostly subtriangular in
equatorial view, interapical sides straight to convex.
Trilete mark distinct, Y-rays straight, tapering,
reaching ± half of the radius accompanied by
thickened exine in the vicinity of the Y-mark, no.
thickening usually diffused but almost of uniform
width. Exine uniformly thick, 1.5 J.Lm. Ornamentation
laevigate to finely scabrate. Extrema lineamenta
smooth.

Comparison-Lygodiumsporites donaensis sp.
nov. resembles L. eocenicus Dutra & Sah (1970) by
its shape and general characters but can be
distinguished by the presence of thickened exine all
along the trilete mark L. adriennis (Potonie &
Gelletich) Potonie, Thomson & Thiergart (1950)
possesses infrapunctate structure and hence it is not
comparable. L. lakiensis Sah & Kar (1969) is
distinguished by its smaller size (up to 60 J.Lm). L.
padapakkarensis Rao & Ramanujam (1978) can be
distinguished by having intra punctate exine. L.
pachyexinus Saxena (1978) is different as it
possesses thicker exine.

Occurrence-Dona Member, Bhuban
Formation, Surma Group.

Affinit~Schizaeaceae.

Todisporites minor Couper 1958
PI. I, fig 6

Distribution-It is Widely distributed in the
Mesozoic and Tertiary sediments of both the
hemispheres.

species- Todisporites major Couper

Todispo:ites major Couper 1958
PI I, fig. 8

Remarks-The miospores assignable to
Todisporites major Couper (1958) reported from this
assemblage possess larger size (65-105 J.L m) than the
forms of T. major (52-78 J.Lm) described by Couper
(1958).

Distribution-Todisporiies major Couper, 1958
is a long ranging species which is distributed in the
MeSOZOic and Tertiary sediments of both the
hemispheres.

Occurrence-Barail Group and Dona Member,
Bhuban Formation, Surma Group.

Affinit)~Osmundaceae.
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IJ

Type Horizon-Dona Member, Bhuban
Formation, Surma Group, Lower Miocene.

Diagnosis-Miospores subtriangular. Size range
60·88.5 !-Lm. Trilete mark distinct. Y-rays reaching 3/4
of the radius, enclosed within the extension of the
upturned exine_ Exine laevigate to finely scabrate.

Description-Miospores subtriangular in
equatorial view, apices broadly rounded, interapical
sides straight to convex. Trilete mark distinct, Y-rays
reaching 3/4 of the radius, enclosed within the
upturned extension of the exine, extension mostly
spathulate in form with wavy margin. Exine 1 !-Lm
thick, sometimes finely scabrate otherwise laevigate.

Comparison-The present species closely
compares with B{retisporites convexus Sah & Kar
(1969) in shape and general characters but can be
distinguished from the latter by having continuous
extension of the upturned exine with wavy margin
around the trilete. B. potoniaei Delcourt & Sprumont
(1955) possesses a thicker exine (up to 5 !-Lm thick)
and trilete rays extending up to the periphery and
hence, it is nOt comparable. B. spectabilis Dettmann
(1963) is different by its conspicuous lips and the
extension of trilete mark up to the equator. B. bellus
Sah & Kar (1970) and B. singularis Salujha, Kindra &
Rehman (1974) are smaller in size. B. crassisexinus
Venkatachala & Rawat (1973) can be distinguished
from the present species by its finely granulose
ornamentation.

Occurrence-Dona Member, Bhuban
Formation, Surma Group.

Ajjinity-?Hymenophyllaceae.

Genus-Surmaspora Singh & Rao 1984

Type species-Surmaspora sinuosa Singh & Rao
1984.

PLATE 1

(All photomicrographs are enlarged ca. x 500. Coordinates of the
specimen refer to the stage of the Censico Microscope no. 13167).

I. Cyalhidites australis Couper, slide no. BSlP 8739, coor
dinates 67.2 x 106.5.

2. Cyathidites minor Couper, slide no. BSIP 9024, coordi·
nates 73.5 x 105.7.

3, 4. Lygodiumsporites lakiensis Sah & Kar emend. slide nos.
BSlP 8390, coordinates 49.10 x 110.3; BSlP 9025, coor
nates 70.5x 106.9.

5, & l() Lygodiumsporiles eocenicus Duna & Sah, slide nos. BSIP
8736, coordinates 99.2 x 105.7; BSIP 8393; coordinates
48.8 x 109.10

6. Todisporiles minor Couper, slide no. BSlP 9029, coordi
nates 70.3 x 102.5.

7 & 16. Lygodiumsporites donaensis sp. noy. slide nos. BSlP
8408, coordinates 62.0 x 103.3 (Holotype); BSIP 8408,
coordinates 70.3 x 112.5.

8. Todisporites major Couper, slide no. BSIP 8389, coordi·
nates 48.10 x98.7.

Surmaspora sinuosa Singh & Rao 1984
PI. 2, fig. 6

Occurrence-Dona Member, Bhuban
Formation, Surma Group.

Ajjinity-Unknown.

Genus-Gletcbenttdttes (Ross) Skarby 1964

Type species- Gleicheniidites senonicus Ross
1949.

Gleicheniidites senonicus Ross 1949
PI. 2, fig. 17

Distribution-Palaeocene of Kachchh, Gujarat
(Saxena, 1978).

Occurrence--Laisong Formation, Barail Group.
Ajjinity-Gleicheniaceae.

Genus-Dtctyopbylltdttes Couper 1958

Type species-Dictyophyllidites harrisii Couper
1958

Remarks-The genus Dictyophyllidites, as
diagnosed by Couper (1958), was emended by
Dettmann (1963). She described even the ornate
forms under the same genus. This has enlarged the
original circumscription of the genus more than
necessary a treatment to which we donot agree. In
the present treatise Dictyophyllidites is understood
sensu stricto Couper (1958).

Dictyophyllidites indicus sp. nov.
PI. I, figs 18-20

Holotype-Pl. 1, fig. 18, size 75 !-Lm; BSIP slide
no. 8392.

Type locality-146.25 km-stone (from Shillong),
Sonapur-Badarpur Road Section, Meghalaya.

9 & 13. Biretisporites meghalayaensis sp. noy., slide nos. BSIP
9030, coordinates 52.2 x 114.5 (Holotype); BSlP 8414,
coordinates 54.9 x 108.9.

II & 15. Birelisporiles oligocenicus sp. noy., slide nos. BSIP 9031,
coordinates 52.0 x 105.6; BSlP 8388, coordinates 62.4 x
99.6 (Holotype).

12. .Corrugalisporites sp., slide no. BSIP 9034, coordinates
54.0 x 110.3.

14. Garotriletes sp., slide no. BSIP 9033, coordinates 54.0 x
110.3.

17. Polypodiaceaesporites challerjii Kar, slide no. BSIP 9041,
coordinates 74.7 x 102.5.

18-20. Dictyophyllidiles indieus sp. noy., slide nos. BSlP 8392,
coordinates 69.2 x 108.6 (Holotype); BSIP 9032, coordi·
nates 59.5 x 100.8; BSIP 9032, coordinates 65.2 x 115.2.

21. Foveosporites sp., slide no. BSIP 9039, coordinates 43.5 x
95.10.
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Type Horizon-Renji Formation, Upper
Oligocene, Barail Group.

Diagnosis-Miospores subtriangular to
subcircular, size range 75-95 J.Lm. Trilete mark
distinct, Y-rays reaching more than half of the radius,
commissures raised, flanked by distinct thick arcuate
margo. Exine laevigate.

Description-Miospores mostly subcircular to
subtriangular in equatorial view, apices bluntly
rounded, interapical sides straight to convex. Trilete
mark distinct, usually laesurae straight, accompanied
by a distinct and thick, arcuate margo lying in close
proximity to the Y-rays following an interradial
pathway leaving a longer part of the exine as
unthickened. Exine up to 1.5 J.Lm thick, laevigate.
Distal face of the exine distinctly convex, proximal
face being plane to slightly convex. Extrema
lineamenta smooth.

Comparison-Dictyophyllidites harrisii Couper
(1958) is distinguished from the present species by
its smaller size (up to 56 J.Lm) and longer Y-rays,
± extending up to the equator. D. pectinataejormis
(Bolkhovitina) Dettmann (1963) is different by its
granulose exine and may perhaps have to be
excluded from the limits of the genus
Dictyophyllidites. D. crenatus (1963) is distinct from
D. indicus sp. nov. in having sinuous laesurae and
thicker exine (3.5 J.Lm thick). D. cymbatus
Venkatachala & Goczan (1964) possesses kyrtomic
folds hence it is not comparable. D. granulatus
Saxena (1978) is different by having thicker exine (5

PLATE 2

J.Lm) and granulose ornamentation, thus it is not
comparable.

Occurrence-Renji Formation, Barail Group.
Ajjinitr ?Matoniaceae.

Genus- Garotrlletes Singh & Singh 1978

Type species- Garotriletes assamicus Singh &
Singh 1978.

Garotriletes sp.
PI. 1, fig. 14

DeSCription-Miospore triangular in equatorial
view, apices broadly rounded, interapical sides
± straight. Size ± 77 J.Lm. Trilete mark distinct,
reaching more than 3/4 of the radius, ray-ends
bifurcated, labra around the trilete mark thick,
± globular at one of the ray-ends. Exine up to 3.5 J.Lm
thick, foveolate, foveolae compactly placed
appearing foveo-reticulate in surface view.

Comparison-The present specimen is closely
comparable to Garotriletes assamicus Singh & Singh
(1978) in its shape and foveo-reticulate
ornamentation of the exine. But the former is bigger
in size (77 J.Lm) and can also be distinguished by
having distinct labra which is thick and almost
encloses the Y-mark.

Occurrence-Laisong Formation, Barail Group.
AjjinitrNot known.

(All pholOmicrographs are enlarged ca x 500. Coordinates of the
specimen refer to the stage of the Censico Microscope no. 13167).

15.
1 & 13. Slrialrileles susannae van der Hamnen emend. Kar,

slide nos. BSIP 8385, coordinates 40.3 x 105.6; BSIP 8387, 16.
coordinates 54.4 x 104.2.

2-3. Slrialrileles sinuosus sp. nov., slide nos. BSIP, 8397, 17.
coordinates 44.4 x 104.2; BSIP 8407, coordinates 66.10 x

95.10 (Holorype). 18.
4-5. Malayaeaspora coslalaTrivedi el al., slide nos. BSIP 8228,

coordinates 43.10 x 100.7; BSIP 8229, coordinates 60.9 x 19.
105.6.

6. Surmaspora sinuosa Singh & Rao, slide no. BSIP 8225, 20.
coordinates 69.5 x 118.8.

7 & 10. Sirialrileles pachyexinus sp. nov. slide nos. BSIP 9040, 21, 27.
• coordinates 54.5 x 99.7; BSIP 8391, coordinates 56.0 x

101.5 (Holorype).
8 & 12. Foveosporiles Iriangulus Sah & Durta, slide nos. BSIP 22.

8132, coordinates 53.2 x 105.5; BSIP 9037, coordinates
52.5 x 100.5. 23-

9. FoveOlrileles sp. B., slide no. BSIP 9036, coordinates
570 x 100.5. 24, 25.

11. Foveolrileles sp. A., slide no. BSIP 9035, coordinates
605 x l133

14. Cingulrileles sp., slide no. BSIP 8112, coordinates 42.4 x 26.
104.3.

Lycopodiumsporiles abundans Salujha el al., slide no.
BSIP 8103, coordinates 47.6 x 105.3.
Cyalhidiles minor Couper, slide no. BSIP 9023, coordi
nates 65.8 x 104.8.
Gleicheniidiles senonicus Ross, slide no. BSIP 8383,
coordinates 40.4 x 96.10.
Foveosporiles miocenicus Ramanujam, slide no. BSIP
8746, coordinates 64.7 x 106.8.
Polypodiisporiles speciosus Sah, slide no. BSIP 8122,
coordinates 40.0 x 118.2.
Polypodiaceaesporiles chal/erjii Kar, slide no. BSlP 8404,
coordinates 74.5 x 102.2.
Polypodiaceaesporiles lertiarus Sah & Durta, slide no.
BSI? 8386, coordinates 70.7 x 105.2; BSIP 8411, coordi
nates 49.5 x 98.8.
Polypodiisporiles luberculensis (Baksi) comb. nov., slide
no. BSIP 9045, coordinates 42.3 x 106.8.
Polypodiisporiles favus (Potonie) POlOnie, slide no.
BSlP 9044, coordinates 51.7 x 110.8
Mono/iles major (Cookson) Potonie, slide nos. BSIP
8123, coordinates 40.3 x 98.8; BSIP 9042, coordinates
60.0 x 113.4.
Polypodiisporiles formosus Salujha el aI., slide no. BSIP
9043, coordinates 49.2 x 111.3.
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Genus- Corrugatisporltes (Thomson, Pflug & Ibrahim)
Weyland & Grlefeld 1953

Type species- Corrugatisporites solidus
(Potonie) Thomson & Pflug 1953.

Remarks-Thomson and Pflug (1953) described
three species under the genus Corrugatisporites, viz.,
C. solidus, C. multivallatus and C. paucivallatus.
They presumed that the genus was instituted by
Ibrahim (1933). Later, Weyland and Griefeld (1953)
assigned a new species to the same genus, viz.,
Corrugatisporites toratus. Then it was observed that
Ibrahim did nOt publish any genus with th~ name
Corrugatisporites. There fore Potonie ( 1956)
proposed C. toratus as the type species for the genus
Corrugatisporites and restated its diagnosis. But
Jansonius and Hills (1976) in "Genera file of fossil
spores" cited C. solidus as the type species for the
genus Corrugatisporites because this species was
placed first in order of its publication as described
by the original authors (Thomson & Pflug, 1953). In
the present treatise, systematic treatment as given by
Jansonius and Hills (1976) of Corrugatisporites has
been followed.

Corrugatisporites sp.
PI 1, fig. 12

Descnption-Miospores subtriangular, apices
broadly rounded, interapical sides ± convex. Size up
to 72 J,Lm. Trilete mark not distinct due to heavy
ornamentation. Exine 1.5 J,Lm thick, verrucose,
verrucae laterally fused both on the proximal and
distal sides forming variously shaped small, irregular
channels. Outline undulate.

Comparison-Corrugatisporites sp. compares
closely to C. terminalis Sah & Dutta (1968) by its
verrucose exine but the latter can be distinguished
in having distinct trilete mark and different exine
ornamentation on the proXimal and distal surfaces.

Occurrence-Laisong and Jenam formations,
Barail Group; Bhuban Formation, Surma Group.

Affinity-Not known.

Genus-Foveotrlletes van der Hammen ex Potonie 1956

Type species-Foveotriletes scrobiculatus (Ross)
Potonie 1956.

Foveotriletes sp. A
PI 2, fig. 11

Description-Miospore triangular in equatorial
view, apices broadly rounded, interapical sides
± convex. Size 92 J,Lm. Trilete mark distinct, Y·rays
reaching almost up to the equator, ends bifurcated.
Exine 4 J,Lm thick, foveolate, foveolae compactly
placed, bigger at the apices and smaller towards the
Y-mark. Surface view foveoreticulate.

Comparison-Foveotriletes sp. closely compares
with F. scrobiculatus (Ross) Potonie (1956) in

having foveolate exine but the former can be
distinguished by its bigger size (92 J,Lm). F.

miocenicum Ramanujam (1966, 1967) possesses an
ill·developed trilete mark and smaller size (48.5
J,Lm) thus it is not comparable. F. pachyexinus Dutta
& Sah (1970), F. blJurcatus Rao & Ramanujam
(1978) are distinguished by their smaller size. F.

microreticulatus Couper (1958) differs by its raised
commissures.

Occurrence-Laisong Formation, Barail Group.
Affinity-Not known.

Foveotriletes sp. B
PI 2, fig. 9

Descnption-Miospore triangular in equatorial
view, apices broadly rounded, interapical sides
± convex. Size ± 77 J,Lm. Trilete mark distinct, Y·rays
reaching 3/4 of the spore radius. Exine 1.5 J,Lm thick,
foveolate, foveolae small, compactly placed. Surface
view finely foveo-reticulate.

Comparison-Foveotriletes sp. A can be
distinguished from Foveotriletes sp. B in possessing
differential foveolate ornamentation at the apices
and near the Y-mark.

Occurrence-Dona Member, Bhuban
Formation, Surma Group.

Affinity-Not known.

Genus-Foveosporltes Balme 1957

Type species-Foveosporites canaliS Balme
1957.

Foveosporites triangulus Dutta & Sah 1970
PI 2, figs 8, 12

Remarks-The specimens of Foveosporites
triangulus Dutta & Sah (1970) reported from the
Sonapur-Badarpur Road Section (Middle Bhuban
Formation, Surma Group) in the present study are
bigger in size (up to 75 J,Lm) than those (35-48 J,Lm)
described by Dutta & Sah (1970) from the Cherra
Formation, Meghalaya.

Distribution-Lower Eocene of South Shillong
Plateau, Meghalaya (Dutta & Sah, 1970).

Occurrence-Umkiang and Dona members,
Bhuban Formation, Surma Group.

Affinity-Lycopodium phlegmaria (Lycopodia
ceae).

Foveosporites miocenicus Ramanujam 1972
PI 2, fig. 18

Remarks-Foveosporites miocenicus Ramanujam
(1972) is reported from the Upper Bhuban
Formation, Surma Group. Its size ranges up to 62
J,Lm.

Distribution-Miocene sediments around
Warkalli Lignite, South India (Ramanujam, 1972).
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Occurrence-Dona Member, Bhuban
Formation, Surma Group.

Ajjinity-Unknown.
Foveosporites sp,

PI. 1, fig. 21

Descnption-Miospore circular, size ± 99 /-Lm.
Trilete mark distinct, strongly built with bifurcated
ends. Exine 2.5 /-Lm thick, foveolate, foveolae small
rounded, compactly placed. Surface view foveo
reticulate.

Comparison-F.. canalis Balme (1957) differs
from the present species by its smaller size and also
in possessing coalescent foveolae.

Occurrence-Laisong Formation, Barail Group.
Ajjinity-Not known.

Genus- Lycopodiumsporites (Thlergart) Delcourt &
Sprumont 1955

Type species-Lycopodiumsporites agothoecus
(Potonie) Delcourt & Sprumont 1955.

Lycopodiumsporites abundans. Salujha, Kindra &
Rehman 1972

PI. 2, fig. 15

Remarks-The present specimens of
Lycopodiumsporites abundans are bigger in size (up
to 60 /-Lm) than those reported by Salujha et at.
(1972) from the Palaeogene of Garo Hills (52 /-Lm).

Distribution-Palaeogene of Garo Hills,
Meghalaya (Salujha, Kindra & Rehman, 1972),

Occurrence-Dona Member, Bhuban
Formation, Surma Group.

Ajjinity-- Lycopodiaceae.

Genus-Strlatrlletes van der Hammen 1956 emend. Kar
1979

Type species-Striatriletes susannae van der
Hammen 1956 emend. Kar 1979.

Striatriletes susannae van der Hammen 1956 emend.
Kar 1979

PI. 2, figs 1, 13

Remarks-In the diagnosis of Striatriletes
susannae van der Hammen emend. Kar (1979) has
mentioned that the exine of the miospores is
± laevigate. But in the present investigation some
forms referable to S. susannae have imperceptibly
punctate-microverrucose exine. Even such spores
have also been included in the same species.

Distribution-Palaeogene of Garo and Khasi
]aintia Hills (Salujha et ai., 1972. 1974); Oligocene of
Kachchh (Kar, 1'979).

Occurrence-Barail and Surma groups.
Ajjinity-Ceratopteris thalictroides (L) Brongn,

Striatriletes sinuosus sp. nov.
PI. 2, figs 2, 3

Hofotype-P! 2, fig, 3, size 55 /-Lm; BSIP slide no
8407.

Type locality-150.1 km·stone (from Shillong),
Sonapur-Badarpur Road Section, Meghalaya.

Type Horizon-Lubha Member, Bhuban
Formation, Surma Group, Lower Miocene.

Diagnosis-Miospores triangular to
subtriangular. Size 50·70 /-Lm. Trilete mark distinct,
sinuous, strongly built, Yrays reaching 3/4 of the
radius. Exine 1-2.5 /-Lm, costate, costate, arising at
ray-ends, 4-6 in each concentric ring, very closely
placed, laevigate.

Descnption-Miospores triangular, apices more
or less pointed, interapical sides straight to more or
less convex. Trilete -mark distinct, sinuous, strongly
built, Y-rays tapering, reaching 3/4 of the radius,
length of the ray ranges from 18 to 25 /-L m. Exine 1.5
/-Lm thick, costate, costae mostly 4 in number at each
ray-end and 4 in each concentric ring on the distal
side opposite to each inter-ray area, sometimes
branching of costae on the distal face evident,
resulting in increase in number, 6 costae in each
concentric ring, 2.5-3.5 /-Lm wide and 2-3 /-Lm high,
closely placed, flat to well·developed, parallely
arranged. Costae and intervening spaces between
them laevigate.

Comparison-Striatriletes sinuosus sp. nov. is
distinguished from all known species of Striatriletes
(van der Hammen, 1956) Kar (1979) by its strongly
built and tapering trilete mark. Also the Y-rays are
longer reaching up to 3/4 of the spore radius
tOgether with a smaller size range (50·70 /-Lm).

Occurrence-Lubha Member. Bhuban
Formation, Surma Group.

Ajjinity-Parkeriaceae.

Striatriletes pachyexinus sp. nov.

Holotype-P! 2, fig. 10, size 70 /-Lm; BSIP slide
no. 8391.

Type locality-145.4 km-stOne (from Shillong),
Sonapur-Badarpur Road Section, Meghalaya.

Type Horizon-Jenam Formation, Upper
Oligocene, Barail Group.

Diagnosis-Miospores subtriangular. Size range
60-70 /-Lm. Trilete mark distinct, Y-rays strongly built,
reaching 3/4 of the spore radius Exine 2.5-3.5 /-Lm
thick, costate, costae ill-developed, ± laevigate.

Description-Miospores subtriangular in
equatorial view, apices broadly rounded, interapical
sides ± convex. Trilete mark distinct, commissures
strongly built, Y-rays reaching 3/4 of the spore
radius. Exine 3.5 /-Lm thick, costate, costae ill
developed, nature of the costae on the distal side
not clearly discernible. Costae and intervening
spaces between them ± laevigate, outline undulate.

Comparison-Striatriletes susannae (van der
Hammen, 1956) Kar 1979 is distinguished from S.
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pachyexinus sp. nov. in having well-developed
costae and bigger size range (77115 ,u m) S
pachyexinus sp. nov. differs from S. sinuosus sp nov.
by its well developed commissures and thicker
exine. S. microverrucosus Kar & Saxena (1981)
possesses microverrucose costae and hence it is not
comparable. S. multicostatus Kar & Saxena (1981) is
distinguished by having more number of distinct
costae (6-9) and shorter rays reaching only up to half
of the radius. S pseudocostatus Singh & Tripathi
(1983) is distinct from S. pachyexinus by its ill
developed, flat and unev.enly wide costae. S.
allenuatus Singh & Tripathi (1983) differs in
possessing a thick and raised trilete mark, in having
less number of costae with a lesser curvature and in
possessing dilate costae ends.

Occurrence-Jenam Formation, Barail Group.
Ajjinity-Parkeriaceae.

Genus-Malayaeaspora Trivedi, Ambwani & Kar 1981

Type species-Malayaeaspora costata Trivedi,
Ambwani & Kar 1981.

Malayaeaspora costala Trivedi, Ambwani & Kar 1981
PI. 2, figs 4, 5

Distribution-Tertiary coal of Malaya (Trivedi et
al., 1981.

Occurrence-Dona Member, Bhuban
Formation, Surma Group.

Ajjinity-?Schizaeaceae.

Genus- Cingutrtletes (Pierce) Dettman 1963

Type species- Cingutriletes congruens Pierce
1961.

Cingutriletes sp.
PI. 2, fig. 14

Description-Miospores subtriangular, apices
rounded, imerapical sides ± convex. Size ± 55 ,um.
Trilete mark distinct, slightly raised, Y-rays
extending up to the equator. Cingulate, cingulum up
to 8.5 ,um thick. Exine 1.5 ,um thick, laevigate.

Comparison-Cingutriletes sp. closely compares
with C. congruens Pierce (1961) which can be
distinguished by its smaller size (26 ,um) and
proximally smooth and distally punctate exine.

Occurrence-Umkiang and Dona members,
Bhuban Formation; Bokabil Formation, Surma
Group.

Ajjini.y-Unknown.

Genus-Polypodiaceaesporites (Thiergart) ex. Potonie
1956

Type species-Polypodiaceaesporites haardti
(Potonie & Venitez) Thiergart 1938.

Polypodiaceaesporites tertiarus Sah & Duna 1968
PI. 2, figs 21, 27

Remarks-The exine seems to be thinner at the
polar region as compared to the peripheral area, a
character which is seen in the illustration of the type
species as given by the original authors though not
mentioned in the systematic description.

Distribution-Tertiary Succession of Assam (Sah
& Duna, 1969); Lower Eocene of South Shillong
Plateau, Meghalaya (Duna & Sah, 1970).

Occurrence-Laisong and Jenam formations,
Barail Group and Surma Group. '

Ajjinity-Polypodiaceae.

Polypodiaceaesporites chatterjii Kar 1979
PI. 1, fig. 17; PI. 2, fig. 20

Distribution-Oligocene of Kachchh, Gujarat
(Kar, 1979).

Occurrence-Lubha and Dona members,
Bhuban Formation, Surma Group.

Ajjinity-Polypodiaceae.

Genus-Monolttes (Cookson) Potonie 1956

Type species--'Monolites major (Cookson)
Potonie 1956.

Monolites major (Cookson) Potonie 1956
PI. 2. figs 24, 25

Remarks-The specimens of Monolites major
(Cookson) Potonie (1956) recorded from the
present material have thicker exine (2.5 ,um thick) as
compared to those described by Cookson (1947).

Distribution-Lower Tertiary of Kerguelen
(Cookson, 1947).

Occurrence-Umkiang and Dona members,
Bhuban Formation, Surma Group.

Ajjinity-Polypodiaceae.

Genus- Polypoditsporites (Potonie) Potonie 1956

Type species-Polypodiisporites javus Potonie
1931 ex Potonie, 1956.

Polypodiisporites javus Potonie 1931 ex Potonie
1956

PI. 2, fig. 23

Distribution-Eocene Germany (Potonie, 1931).
Occurrence-Bhuban Formation, Surma Group.
Ajjinity-Polypodiaceae.

Polypodiisporites speciosus Sah 1967
PI. 2, fig. 19

Distribution-Upper Neogene profile from
Rusizi Valley (Burundi) by Sah (1967); Tertiary
Succession of Assam (Sah & Dutra, 1968);
Palaeogene of Garo and Khasi-Jaintia Hills,
Meghalaya (Salujha et al., 1972, 1974).

Occurrence-Laisong Formation, Barail Group;
Bhuban Formation, Surma Group.

Ajjinity-Polypodiaceae.
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Polypodiisporites jormosus Salujha, Kindra &
Rehman 1972

PI 2, fig. 26

Distribution-Palaeogene of Garo Hills,
Meghalaya (Salujha et aI., 1972).

Occurrence-Umkiang Member, Bhuban
Formarion, Surma Group,

AJjinitrPolypodiaceae.

. Polypodiisporites tuberculensis Baksi (1962) comb.
nov.

PI 2, fig. 22

1962 Polypodiaceaesporites tuberculensis Baksi,
Bull. geol. Min. metall. Soc. India 26 : 1-21,
19.

Description-Miospores oval, bean-shaped,
exrremiries broadly rounded. Size range 45-60 11m.
Monolere mark disrincr, exrending 2/3 along rhe
longer axis. Exine up ro 1.5 11m rhick, verrucose,
verrucae sparsely placed, 2-3 11m in diamerer.

Remarks-Baksi (1962) published a new genus
Polypodiaceaesporites from rhe Simsang River
Terriaries, Sourh Shillong Fronr, Assam wirh a Single

species P tuberculensis. Polypodiaceaesporites Baksi
(1962) is a junior homonym of Polypodiaceaespo
rites Thiergarr ex Poronie (1956). The characrers of
Polypodiaceaesporites Baksi (1962) do nor conform
wirh rhose of Polypodiaceaesporites Thiergan ex
Poronie (1956). However, Polypodiaceaesporites
tuberculensis Baksi (1962) falls wirhin rhe generic
circumscriprion of Polypodiisporites (Poronie)
Poronie, 1956 and hence has been rransferred ro rhe
laner as a new combinarion .

Occurrence-Jenam Formarion, Barail Group.
AjjinitrPolypodiaceae,

DISCUSSION

The preridophytic spores described. in rhis
paper from rhe Barail and Surma groups (Oligocene
Lower Miocene) are represenred by 18 genera and
32 species. Of rhese, Biretisporites oligocenicus, B.
meghalayaensis, Striatriletes pachyexinus, S.
sinuosus, Dictyophyllidites indicus and
Lygodiumsporites donaensis have been esrablished
as new species. The disrriburion of differenr species
is as follows:

Barail Group Surma Group

Laisong Jenam Renji Bhuban Bokabil
Formation Formation Formation Formation Formation

PALYNOTAXA Lubha Umkiang Dona
Member Member Member

Gleicbeniidiles senonicus +

Biretisporites oligocenicus +

Foveosporites sp. +

Foveotriletes sp. A +

Garotriletes sp. +

Striatriletes pacbyexin us +

Polypodiisporites tuberculensis +

Dietyopbyllidites indicus - +

Striatriletes sinuosus - +

Polypodiisporites formosus - - - +

Foveotriletes sp. B - - +
Malayaeaspora costala - - +
Surmaspora sinuosa - - +

Lygodiumsporites donaensis - - +

Biretisporites megbalayaensis - - +

Lycopodiumsporites abundans - - +

Foveosporites miocenicus - - +

Monolites major - - + +

Foveosporites triangulus - - + +

Cingutriletes sp. - - + +

Polypodiaceaesporites cballerjii - + - +

Polypodiispnriles favus - - + + +

Cyatbidites australis - + + +

Corrugatisporites sp. + + + +

Todisporites majo,- + + + - - +

Cyatbidites minor + - - + - +

Todisporites minor + - + - +

Polypodiisporiles speciosus + - + + +

Lygodiumsporiles eocenicus + + - + .+ +

L. lakiensis + + + + + + +

S/riatriletes susannae + + + + + + +

Polypodiaceaesporites tertiarus + + - + + + +
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The diagnosis of Lygodiumsporites lakiensis has
been' emended. Lygodiumsporites lakiensis Sah &
Kar, 1969, from the present assemblage possesses
very distinct trilete mark, reaching 2/3-4/5 of the
spore radius, labra distinct, enclosing the suture, ray
apex and vertex raised, broader near the apex,
gradually narrowing towards the ray-ends. The
presence of thick labrain the illustration of the type
specimen is clearly discernible though it has not
been mentioned by Sah and Kar (1%9).
Lygodiumsporites eoceniclls (Dutta & Sah, 1970) as
studied possess trilete mark distinct, rays extending
2/3 of the spore radius, ray· apex conspicuously
raised over a small area, ray-vertex almost flat and
tapering towards the ray-ends. Proximal face of the
exine almost flat, distal face deeply convex. Besides,
the genus Dictyophyllidites as diagnosed by Couper
(1958) was emended by Dettmann (1963). She
described even the ornate forms under the genus.
This has enlarged the original circumscription of the
genus more than necessary. The miospores of
Striatriletes susannae described by van der Hammen
emend. Kar (1979) posses la.evigate exine, but in the
present study, some forms belonging to this species
'have imperceptibly punctate-microverrucose exine.
So such spores have also' been included in the same
species. In Polypodiaceaesporites tertiarus Sah &
Dutta (1968), the exine seems to be thinner at the
polar region as compared to the peripheral area, a
character which is seen in the illustration of the type
species as given by the original authors though not
mentioned in the systematic description.

On the basis of the possible affinities of the
dispersed pteridophytic spores studied the presence
of the follOWing families is inferred. Taxa of
uncertain botanical affinity are also listed below:
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Unknown
Unknown
Lycopodiaceae
Parkeriaceae

?Schizaeaceae
Unknown
Polypodiaceae

F. miocenicus
FOl'eosporites sp.
Lycopodiumsporites abundans
Striatriletes susannae
S. pachyexinus
S. sinuosus
Malayaeaspora costata
Cingutriletes sp.
Polypodiaceaespo.rites tertiarus
P. chatterjii
Monolites major
Polypodiisporites favus
P. speciosus
P. formosus
P. tuberculensis

These families possibly indicate tropical
subtropical humid climate during the sedimentation
of the present sequence.

An analysis of the assemblage reveals that the
pteridophytic spores dominate the Surma Group as
compared to the Barail Group. The presence of
Biretisporites oligocenicus, Dictyophyllidites indicus,
Striatriletes pachyexinus, Gleicheniidites senonicus,
Foveosporites sp. A, Foveotriletes sp. A, Garotriletes
sp. and Polypodiisporites tuberculensis is restricted
to the Barail Group, whereas Striatriletes sinuosus,
Malayaeaspora costata, Surmaspora sinuosa,
Lygodiumsporites donaensis, Biretisporites megha
layaensis, Cyathidites australis, Foveosporites
triangulus, F. miocenicus, Lycopodiumsporites
abundans, Monolites major, Foveotriletes sp. B,
Cingutriletes sp., Polypodiaceaesporites chatterjii and
Polypodiisporites favus are restricted to the Surma
Group. The forms in common between the Barail
and Surma groups are Todisporites major, T. minor,
Lygodiumsporites lakiensis, L. eocenicus, Striatriletes
susannae, Cyathidites minor, Corrugatisporites sp.,
Pol)podiaceaesporites tertiarus and Polypodiispo
rites speciosus.
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phyllaceae

Unknown
Gleicheniaceae
?Matoniaceae
Unknown
Unknown
Unknown
Unknown
Lycopodiaceae

Osmundaceae

Family

Cyatheaceae
Cyatheaceae

Schizaeaceae

B. oligocenicus

Surmaspora sinuosa
Gleicheniidites senonicus
Dictyophyllidites indicus
Garotriletes sp.
Corrugatisporites sp.
Foveotriletes sp. A
FoiJeotriletes sp. B
Foueosporites triangulus

Taxon

Cyathidites australis
C. minor

Lygodiumsporites lakiensis
L. eoceniclls
L. donaensis
Todisporites major
T. minor
Biretisporites meghalayaensis
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Palynological correlation of coal seams in Godavari
Graben, Andhra Pradesh, India

Suresh C. Srivastava

Srivastava, Suresh C. (1987). Palynological correlation of coal seams in Godavari Graben, Andhra Pradesh, India.
Palaeobotanist 35(3) : 281-296.

The palynological study of various coal seams from Yellandu, Kothagudem, Belampalli, Ramakrishnapuram and
Ramagundam coalfields of Godavari Graben has been done. The distributional pallern of various palyno-taxa has
suggested the occurrence of six miospore assemblages. Miospore Assemblage E is marked by the association of
Parasacci/es and Scheu ringipollen i/es. Assemblage 0 is characterised by the dominance of Brevitriletes. In
assemblages C1, C2 and C3, Brevi/riletes is associated with Hennellysporites. Indotriradites, although rare, occurs
only in this assemblage. Horriditriletes and Latosporites characterise Assemblage B in association with Brevitriletes
Pl-imuspollenites gains significance only at this stage of palynofloral succession. In the youngest Assemblage A all
the triletes decrease appreciably giving way to nonstriate-disaccates, Scheuringipollenites, so as to take up [he
dominance. The sporological succession shows only one change after Assemblage E (Upper Karharbari) was
deposited. Miospore assemblages 0 to A represent the Lower Barakar palynoflora.

Key-words-Palynology, Coal seams, Correlation, Godavari Graben, lower Barakar (India).

Suresh C. Srivastava, Bil-bal Sahni Institute of Palaeobo/any, 53 University Road, Lucknow 226007, India.
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THE Godavari Graben forms a south-eastward exten
sion of the large stretch of Gondwana formations of
the Wardha Valley coalfields. It extends in total
length of about 350 km and 55 km in breadth. This
tract includes many small and important coal
bearing areas which crop out from below the Kamthi
Formation. Thus, the coal measures are met with to a
small extent and only at intervals, chiefly along the
western margin of the main stretch of Gondwana
sediments. The areas north of the Godavari River,

known as North Godavari coalfields, include Tandur,
Mandamari-Somagundum and Ramakrishnapuram
coalfields. The main coalfields south of the Godavari
River are Ramagundam, Yellandu, Manuguru and
Kothagudem.

The discovery of coal in Godavari Valley dates
back to 1872 by King near Yellandu and since then
extensive surveys have been done with the result a
number of coal seams have been proved. However,
the study of miospores from these areas attracted the
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attention of geoscientists in recent years. Ghosh
(1962, 1963) studied the palynological
cOntents of different coal types of Tandur area.
Chatterjee et at. (1964) studied the petrographic
characters of the coals from this area, while Banerjee
(1964) studied the petrograph ic characters of the
Queen Seam in Yellandu area. Ramana Rao and his
associates (1965, 1966) studied the chemical
characters of the coals from Kothagudem Coalfield.
Moiz and Rao (1968) have described in short the
sporae dispersae of the Kothagudem Coalfield.
Tiwari and Moiz (1971) have described five new
genera of miospores from the coal· bearing horizons
of the Godavari Graben. Recently, Navale, Misra and
Anand·Prakash (1983) have also studied the
petrographic constituents of the working coal seams
of the Godavari Graben. Although a number of coal
seams have been proved in different areas of the
Godavari Basin, little attempt has been done to
correlate them. As the coal seams are occurring so
widely apart, palynology seems to be the only
possible means to attempt their correlation. In the
present investigation the palynofloral assemblages in
the coals of different areas of Godavari Graben has
been studied with a view to establish a palynological
succession and a possible correlation of the coal
seams.

GEOLOGY

The Lower Gondwana sediments in Godavari
Graben stretch in a north·west to south·east linear
belt and Me exposed along both the margins of the

graben. The general stratigraphic setting of the
Lower Gondwana sediments in the mainland area is
shown in Table 1.

The basement for the deposition of Gondwana
sediments has been prOVided by the Archaeans in
the southern part while Pakhals and Sullavai group
of rocks constitute the basement north of Mailaram
High. The Barakar Formation, overlying Talchir and
underlying the Barren Measures formations, occurs
as discontinuous patches along the basin margins.
The continuity of these sediments has been proved
along the western limb of the basin and shows
considerable variation in its thickness. However, the
continuity of coal seams in axial region has yet to be
proved. The coal horizons are restricted to limited
number of sub·basins each having its own deposi·
tional histOry. A brief description of the coal· bearing
areas investigated is as follows:

Yellandu area-This area is named after the
village Singareni and is 22.5 km long and 3.2 km
wide aligned in NNW· SSE direction. The area is
formed of a Gondwana outlier and workable coal
seams occur in the northern part of the area below
the Kamthi sandstOnes. Two prominent coal seams,
viz., King Seam (24 m) and Queen Seam (9.7·304
m), are being worked in this area. The Queen Seam
overlies the King Seam with a paning of about 61 m.
The Queen Seam varies in thickness from 97 to 304
m but only the lower 3 meters are extensively
developed and are being worked in Polampalli
Incline and 20 and 22 Inclines. The King Seam splits
into tOp (0.9 m) and bottom (1 m) towards the
northern part of the coalfield.

-

Table 1-Showing stratigraphic succession of Lower Gondwana sediments in the mainland basin area of Godavari Valley
Coalfields

Age Group FormatiOn

Upper Permian Kamthi
to Lower Triassic

...:
z
...:
~
0
Z

Upper Permian 0 Barren

"
Measures

Upper part of cr: Barakar
Lower Permian L1.J

~
0
...J

Lower Permian Talchir

Upper PrOterozoic

Thickness
(m)
--
500 m

600 m

200 m

500 m

300 m

350 m

Lithology

Upper Member: Coarse grained sandslOne with clay claSts and
pebbles and subordinate violet cherry si!tslOnes and pebbly beds.

Middle Member: Alternating sequence of medium·grained white' to
greenish grey white sandslOnes and buff to greenish grey clays.

Lower Member: Medium 10 coarse-grained, greenish while calcareous
sandslOnes wilh a few coal seams.

Medium to coarse grained greenish grey to greenish while felspathic
sandstone with subordinate variegated clays and micaceous si!tslOnes.

Upper Member: Coarse while sandslone wilh subordinate shale
and coal seams.

Lower Member: Coarse·grained sandstones with lenses of conglome·
rates subordinate shales/clays and few thin bands of coal.

Fine'grained sandstone, splintery green clays, shales, chocolate
coloured clays, pebble beds and tillite .

.....Unconformiry.. .. .........

Sullavai/Pakhal
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Ramagundam area-This area is situated south
of the Godavari River extending up to Ladnapuram
in the south for about a stretch of 16 km and forms
the most important coal bearing part of the Godavari
Graben. The sequence of coal seams established
(Ramanamurty, 1977) in the area is as follows:

Kothagudem area-The area is located nearly 39
km east of Yellandu Coalfield The Barakar
sediments containing the coal seams are mostly
concealed below the Barren Measures. The Kotha
gudem coal b'elt stretches to about 18 km from
Kothagudem in the north to Pengadapa in the south.
The exploration of the coal is confined only to the
King Seam, of which the average thickness ranges
from 2.1 to 313 m. The seam is being worked up to
3.33 m in Incline no. 2 but the thickness of the seam
increases towards south splitting into rwo and
depending upon the local conditions it is being
worked in convenient sections with the names of
'Red', 'Blue' and 'Green'.

The general sequence of coal seams in the area
as established by Kothagudem Collieries Co. Ltd., is
as follows:

Thickness

Thickness

30.00- 40.00 m
0.02- 4.35 m

10.00- 46.90 m
1.00- 6.03 m

70.00- 80.00 m
105- 12.00 m

24.00- 40.00 m
0.5 - 5.07 m

95.00-110.00 m

Strata

Barren Measures Formation
Parting-Sandstone 10.00- 20.00 m
No. I A seam with shale band 3.06- 5.04 m
Parting 15.00- 20.00 m
No. I seam with shale band 2.01· 5.05 m
Parting 9.45- 16.08 m
No. II B Seam 1.6 - 2.13 m
Parting 10.00- 14.6 m
No. II A Seam 1.1 - 3.4 m
Parting 8.00- 10.00 m
No. II Seam 1.2 6.9 m
Parting 227 33.8 m
No. III A 1.5 1.8 m
Parting 12.1 24.2 m
No. III Seam 0.7 12.2 m
Parting 6.1 29.17 m
No. IV Seam 1.5 5.7 m
Parting 8.00- 10.00 m
No. V Seam 0.3 - 1.8 m
Parting 8.7 - 18.00 m
No. VI Seam 0.61- 1.22 m

Strata

area are overlain by Barren Measures Formation and
include four coal seams but at present only two coal
seams, the Salarjung Seam and Ross Seam, are being
worked out.

The general sequence of the coal seams in the
area is as follows:

The lowermost coal seam is named as Ross
Seam in Belampalli area while in other areas it is
known as No. IV Seam. In the southern part around
Shanti Khani it splits into rwo with a parting of 5.5 m
sandstone.

Seam no. III or the Salarjung Seam remains
almost uniform in Belampalli area but in Golet area
it splits up into rwo sections. .

Mandamari-Ramkrishnapuram area-The coal
measures of this area form a part of the Somagudem
Mandamari - Ramkrishnapuram - Srirampur - Indaram
coal belt traceable from Somagudem in the north to
Indaram in the south. The sequence of coal seams as
established by Ramana, Ramanamurthy and Dawood
(1974) is as follows:

Barren Measures Formation
Parting
No I Seam
Parting
No. II Seam
Parting
Salarjung Seam/No. III Seam
Parting
Ross Seam/No. IC Seam
Sandstone6.7 to 13.5 m

42 m
2.1 to 313 m
0.91 to 63 m
4.2 to 8.4 m

Thickness

1171-30.12 m
0.45- 6.15 m

24.39·34.28 m
5.09- 9.71 m

14.73-26.35 m
175- 6.17 m

32.72-62.77 m
0.75- 3.00 m

46. 5-73.00 m
4.65-10.35 m
0.00-1510 m
1.06- 3.81 m

35.98-76.59 m
O. 5- 1.00 m

71.24 m

Top (Queen) Seam
Parting
King Seam
Parting
Bottom (Green) Seam

Strata
Barren Measures Formation
Sandstone
No. 1A seam (highly shaly coal)
Sandstone
No. I seam
Sandstone
No. II seam
Sandstone
No. II!A seam
Sandstone
No. III seam
Sandstone
No. IV seam
Sandstone
No. IV A seam
Sandstone
Talchir Formation

Out of the seven coal seams, No. I, II, III and IV
are being worked as they are persistent and
economically significant while the rest three coal
seams are either developed mostly to a local extent
or contain low grade coal.

Belampalli area-The area is situated north of
Godavari River and extends over a strike length of
about 45 km from Khairagura in the north-west up to
Belampalli in the south-east. The Barakars in the

,

~
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80.00-100.00 mParting
Talchir Formation

In general, the Barakars of Tandur area are
believed to have been repeated due to south
westerly down throw fault and No. III and No. IV
seams are correlatable with Salarjung and Ross seams
of Belampalli area respectively.

PALYNOFLORAS

The sporae dispersae distributed among the
coal seams investigated (Table 2) from Godavari
Graben has been assigned to 48 genera (sensu
Bharadwaj, 1962; Bharadwaj & Salujha, 1964;
Bharadwaj & Srivastava, 1969; Tiwari, 1964; Tiwari &
Moiz, 1971) which are listed below:

Leiotriletes, Callumispora, Hennellysporites,
Cyclogranisporites, Lophotriletes, Brevitriletes, Loba
tisporites, Horriditriletes, Godavarisporites, Micro
baculispora, Lacinitriletes, Pseudoreticulatispora,
lndotriradites, Calamospora, Latosporites, Parasac
cites, Crucisaccites, Divarisaccus, Caheniasaccites,
Potonieisporites, Virkklpollenites, Cuneatisporites,
Platysaccus, Lueckisporites, Striatites, Primuspolle
nites, Lahirites, Striatopodocarpites, Faunipollenites,

Striapollenites, Distriatites, Illinites, Vesicaspora,
Scheuri"1gipollenites, lbisporites, Tiwariasporis,
Kingiacolpites, Distriomonocolpites, Maculataspo
rites, Pilasporites, Hemisphaerium, Peltacyst ia, Bra·
zilea, Balmeella, Tetraporina, Greinervillites, Leio
sphaeridia and Glob ulisphaeridiu m.

The percentage distribution of various miospore
genera is given in Table 3a and b in which the genera,
viz., Hennellysporites, Brevitriletes, Horriditriletes,
Parasaccites and Scheuringipollenites are
characteristically present among all the samples and
hence form the dominant components of palynoflora
of the different coal seams in Godavari Graben.

Besides, the genera-Leiotriletes, lndotriradites,
Latosporites, Striatites, Lahirites, Striatopodocarpites,
Faunipollenites, Illinites, Vesicaspora and
lbisporites-are also associated significantly with
the dominant components.

The other genera are rather inconsistently
present but in very low percentages. The behaviour
of alete miospores is also not consistent throughout
the palynofloral spectrum although in some samples
they are present in significant amounts. However,
their presence among the mioflora have been
ignored as their affinity, occurrence and significance
in the stratigraphy is not precisely known. The

Table 2-Showing details of coal samples investigated from Godavari Valley coalfields, Andhra Pradesh

Coal seam

King Seam
King Seam (Red)
King Seam (Blue)
Bottom Seam (Blue)
Blue Seam
Green Seam
Top 1 Seam
Top 2 Seam
Queen Seam
King Seam
D Seam
Queen Seam
D Seam
Seam 3
Seam 4
Seam 1
Seam 2
Seam 3
Seam 3
Seam 3
Seam 4
Seam 2
Seam 3
Seam 4
Top Seam
Middle Seam
Bottom Seam
Salarjung Seam
Ross seam
Salarjung Seam
Ross Seam

Colliery

Kothagudem Collieries
Khammam District
Khammam District
Khammam District
Khammam District
Khammam District
Khammam District
Khammam District
Yellandu Collieries
Yellandll Collieries
Yellandll Collieries
Yellandu Collieries
Yellandll Collieries
Ramagundam Collieries, Karim Nagar District
Ramagundam Collieries. Karim Nagar District
\l,amagllndam Collieries, Karim Nagar District
Ramagundam Collieries, Karim Nagar District
Ramagllndam Collieries, Karim Nagar District
Ramakrishnapuram Collieries, Adilabad District
Ramakrishnapllram Collieries, Adilabad District
Ramakrishnapuram Collieries, Adilabad District
Ramakrishnapuram Collieries, Adilabad District
Mandamari area
Mandamari area
Belampalli area
Belampalli area
Belampalli area
Belampalli area
Belampalli area
Belampalli area
Belampalli area

Location

No 2 Incline
Venkatesh Khani Incline 6 & 7
Venkatesh Khani Incline 6 & 7
Venkatesh Khani Incline 6 & 7
No_ 9 and 10 Incline
No.9 and 10 Incline
No.9 and 10 Incline
No.9 and 10 Incline
Pollampalli Incline
No. 20 Incline
No. 20 Incline
No. 22 Incline
No. 22 Incline
No. 1 Incline
No. 1 Incline
Godavari Khani Incline No. 3
Godavari Khani Incline No. 3
No.7 Incline
Ramkrishna Khani
Ramkrishna Khani
Ramkrishna Khani
Motilal Khani
Kalyani Khani
Kalyani Khani
Shanti Khani Incline
Shanti Khani Incline
Shanti Khani Incline
Morgan pit
Morgan pit
85 Dip
85 Dip
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Table 3a-Percentage composition of various palynotaxa in different coal seams of Godavari Graben
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.. Genera/Overall sample no. 1 2 3 5 6 6B 6+<5B 7 7C 7+7C 8 9 lOC 11 12 13A

PTEROPSIDS

Lieolrileles 2.5 3.0 3.5 3.0 1.0 2.0 1.5 2.0 0.5 1.4 4.0 35 - 5.0 25 30
Callumispora 15 3.0 3.0 8.0 10.0 90 - - 3.0 50 2.0 2.0 10
Hennellysporiles 4.0 2.0 2.0 0.5 2.0 6.0 4.0 15 10 14 15 7.0 10 100 0.0 2.0
Cyc!ogranisporiles - 10 0.5 0.8 - - 10 - 05
Verrucosisporiles - 0.5
LopbOlrileles 3.0 15 0.5 - - 15 - 0.9 10 0.5 0.5 2.0 30
Brevilrileles 24.5 28.0 29.5 34.0 40.0 29.0 34.5 20.0 25.0 22.5 15.0 14.0 13.5 10.0 19.0 110
Lobalisporiles 10 15 2.0 - - 05 0.5 0.5
Horridilrileles 40 4.0 110 3.0 4.0 7.0 55 3.0 4.0 3.5 7.0 25 1.0 250 17.0
Codavarisporites 0.5 75 4.0 3.0 4.0 3.5 - - 10 10 30 30
Pseudoreliculatispora - - - - - - - 2.0
Lacinilrileles - - - - - - - 1.5 2.0

" Microbaculispora - 10
Calamospora 0.5
Lalosporiles 15 - - - 15 10 14 13.0 7.5 0.5 - 55 9.0

LYCOPSID

IndOlriradiles - - 0.5 - - - - - - - 10

GYMNOSPERM

Parasacciles 55 6.0 6.5 15.0 8.0 11.0 9.5 4.0 2.0 3.0 5.5 2.0 24.0 8.0 0.5 4.0
Crucisacciles - - - - - - - - 0.5
Divarisaccus - - 0.5 - - - 0.5 0.5
Cabeniasacciles - - 0.5 - - - - 0.5
POlonieisporiles - - 2.0 .2.0 - - 10 05 - - 0.5
Cunealisporiles - - - - - - - 2.5 05 05
Plalysaccus 10 2.0 2.0 - - 8.0 9.0 8.5 2.5 3.5 0.5 10 4.0 85
Lueckisporiles - - - - - - 0.5 0.4
Slrialiles 3.0 2.0 10 2.0 - 10 2.0 2.0 2.0 15 0.5 0.5 1.0 1.5 4.0
Prim uspolleniles - - - - - 3.0 8.0 0.5 2.0 1.0
Labiriles 7.0 5.0 2.0 2.0 2.0 - 2.0 50 30 4.0 6.0 30 25 2.0 2.5 1.0
Slrialopodocarpites 6.0 5.0 5.0 1.5 2.0 2.0 2.0 1.0 5.0 3.0 6.0 10.0 6.5 5.0 1.0 3.0
Slriapolleniles
Faunipolleniles 8.0 3.0 6.0 2.5 3.0 3.0 3.0 2.0 2.0 2.0 35 4.5 2.0 7.0 2.0 2.0
Dislrialiles - - - - - 0.5 0.4
Illiniles 7.0 2.0 10 2.0 3.0 15 - 10 4.5 5.5 10.0 - 10
Vesicaspora 2.0 3.0 15 1.0 - - - 0.5 0.5 0.5 - 1.0 4.0 4.0 15 50
Scbeuringipollenites 110 75 12.0 10.0 5.0 2.0 3.5 25.0 25.0 25.0 10.0 14.0 18.5 12.0 12.5 12.0
Ibisporiles 0.5 - 0.5 0.5 10 - 0.5 4.0 2.0 05 3.0 3.0 2.0 0.5 10
Tiwariasporis 10 2.0 10 10 10 - 0.5 55 3.0 4.4 9.0 05 3.5 0.5 2.0 30
Kingiacolpiles - 2.0 200 15 10 0.5 10 15 0.9 - 3.0 15 2.0 - 2.0
Distriomonocolpites - - 0.5 10 0.5

PHYTOPLANKTON

Maculalasporiles - - 0.5 - 05 - - 0.5 05
Pilasporiles 25 5.0 25 4.0 3.0 50 4.0 4.0 15 2.7 10 15 3.0 4.0 15 1.0
Hemispbaerium - 3.0 - 0.5 2.0 5.0 3.5 3.5 0.5 2.0 - 05 2.0
Brazilea
Balmeella ' 0.5 2.0 - 0.5 0.5 0.2 05 - 10
Leiospbaeridium 2.0 5.0 1.0 6.0 90 8.0 8.5 50 7.0 6.0 4.0 4.0 1.0 2.0 4.0 40
Creinervilliles - - - - - 0.5 0.4
Clobulispbaeridium 10 05
Tetraporina - 0.5
Pellacyslia - - - - 10 15 0.7 - - 10

KOlbagudem Collieries: No.2 Incline-l King Seam; Nos. 6, 7 Incline-2. King Seam (red), 3. King Seam (blue); Nos. 9,10 Incline-5.
Blue Seam, 6, 6B. Green Seam; 6x6B. Average; 7, 7C. Top Seam-; 7x7C. Average. Yellandu Collieries: Polampalli Incline-9. Queen
Seam; 20 Pit Incline-lOC. King Seam, 11 0 Seam; 22 Pit Incline-12. Queen Seam, 13. A, 0 Seam
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Table 3b-Percentage composition of palynolaXa in different coal seams In Godavari Graben

Genera Samples nos. 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

PTEROPSIDS

LeiOlrileles 60 30 30 60 3.0 30 1.0 0.5 - 2.0 0.5 4.0 1.0 60 11.0 2.0 40
Callumispora 1.0 1.5 1.0 - 1.0 4.0 6.0 2.0 - 1.0 - 0.5 1.0 2.5
Hennellysporiles 11.0 12.0 2.0 4.0 4.0 6.0 4.0 4.0 3.0 3.0 3.0 8.0 14.5 1.0 24.0 40 21.0
Cyclogranisporiles 1.0 3.0 0.5
Lopholrileles - 0.5 - - - 2.0
Brevilrileles 14.5 250 10.0 11.0 12.0 21.0 26.0 25.0 16.0 18.0 16.0 21.0 23.0 20.0 16.0 150 16.5
Horridilrileles 50 3.0 5.0 2.0 3.5 0.5 2.0 2.0 - 1.0 1.5 2.0 1.0 5.0 4.0 60 5.0
Godavarisporiles 05 3·0 2.0 1.0 0.5 0.5 5.0 2.0 1.0 1.0 5.0 4.0 50 3.0 1.0 0.5
Pseudoreliculalispora - - - - - - - - 0.5
Lacinilrileles - 2.5 0.5 05 - 05
Microbaculispora - - - - - - - - 0.5 - 1.0 0.5
Lalosporiles 0.5 - 3.0 6.0 1.0 0.5 1.5 1.0 - 1.5 0.5

LYCOPSID

Indolriradiles - 4.5 - - 0.5 0.5 - 0.5 0.5 5.0 11.5 1.0 0.5

GYMNOSPERMS

Par{l:;acciles 50 5.0 0.5 1.5 6.0 90 8.0 4.0 4.0 6.0 1.0 6.0 95 3.0 4.5 2.0 4.5
Divarisaccus - - - 0.3 - - - - - 0.5
PolonieispOriles - - - - - 2.0 05
Cunealisporiles 3.5 - 1.0 05 - 1.5 1.5 0.5 - - 2.0 0.5
Platysaccus 2.5 1.0 3.0 5.0 30 - 1.5 2.0 1.5 4.5 1.0 0.5 3.0 2.0 4.0 2.0
Lueckisporiles - - 0.5 1.5
Slrialiles 3.0 1.0 3.5 1.5 2.0 2.0 0.5 1.5 4.0 2.0 1.0 1.5 1.0 6.0 1.5 7.0 1.0
Primuspolleniles - 0.5 3.0 6.5 - - - 0.5 1.5 - 0.5
Lahiriles 5.5 0.5 50 3.0 6.0 - 30 8.0 6.0 3.0 6.0 3.0 6.0 1.0 5.0 2.5
Slrialopodocarpiles 5.5 55 50 3.0 7.0 6.0 5.0 5.0 4.0 4.0 2.0 6.5 7.0 3.0 3.0 3.0 4.0
Slriapolieniles - - - - 0.5
Faunipolleniles 5.5 1.0 7.0 4.0 4.0 45 0.5 8.0 9.0 8.0 4.0 1.5 40 2.0 0.5 5.0 3.0
Dislrialiles - - - - 0.5
!/liniles 6.5 2.0 2.5 4.0 3.0 2.0 3.0 3.0 2.0 8.0 3.5 2.0 3.0 1.0 8.0 5.0
Vesicaspora 5.0 1.0 1.0 2.0 8.0 7.0 0.5 4.0 5.5 7.0 3.5 3.5 1.0 6.0 3.0 4.0 3.0
Scheun'ngipoOenileS 9.5 12.0 23.0 23.0 18.0 11.0 12.0 16.0 22.5 14.0 29.0 8.5 10.0 8.0 60 15.0 7.0
Ibisporiles 2.5 - 2.0 4.0 5.0 1.5 2.0 2.0 7.5 1.0 6.5 2.5 1.0 1.0 2.0 1.0
Tiwariasporis 2.2 2.0 3.0 5.0 1.5 1.0 30 1.0 2.5 30 4.5 6.0 1.5 30 0.5 5.5 0.5

PHYTOPlANKTON

Kingiacolpiles 2.0 2.0 3.0 0.5 4.0 30 1.0 0.5 2.5 - 0.5 0.5 05 0.5 05 3.0
Maculalasporiles - 1.0
Pilasporiles 1.5 3.0 3.0 1.0 3.0 8.0 8.0 6.5 2.0 9.5 5.0 4.0 7.0 4.0 7.0 2.5 10.0
Hemisphaerium 2.0 2.0 1.0 0.5 6.0 2.5 - 0.5 2.0 - 4.0 - 1.0
Brazilea - - - - - 1.0
BalmeelJa - - 0.5 - 1.5 - 0.5 - 1.0 1.0
Leiosphaeridium 1.0 3.5 4.0 2.0 3.0 60 5.0 3.0 1.0 1.5 6.0 2.0 2.0 . 2.0 1.0 1.0 4.0
Telraporina - 0.5 1.0 05 1.5 - - 1.0 0.5

Ramagundam'Collieries: No.1 Incline-14. Seam 3,15. Seam 4; No.3 Incline-16. Seam 1, 17. Seam 2, No.7 Incline-18. Seam 3.
Ramakrishnapuram Collieries: Ramkrishna Khani 1·19. Seam 3, 20. Seam 4; MOlilal Khani 1-21. Seam 2. Mandamari Area: Kalyani
Khani-22. Seam 3, 23. Seam 4. Belampalli Collieries: Shanli Khani-24. Top Seam, 25, Middle Seam, 26. Bouom Seam;' Morgan Pil-27.
Salarjung Seam, 28. Ross Seam; 85 Dip-29. Salarjung Seam, 30. Ross Seam.

qualitative association of palynospores as well as as each of thc:em are situated wide apart and as such
their quantitative representation in different areas of their mutual relationships are unknown. The
the Godavari Graben has been discussed separately assemblages bear the same designation.
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Yellandu area

The general behaviour of the dominant
components and their variation in individual coal
seams is shown in Table 3a. Parasaccites is present
up to its maximum only in the King Seam of No. 20
Incline while in the leader 'D' seam lying above it
decreases considerably. On the contrary
Hennellysporites records a reverse trend, Le. it is low
in the King Seam but becomes high in the 'D' seam
of No. 20 Incline and also iD the Queen Seam of
Polampalli Incline. In No. 22 Incline the Queen and
the 'D' seams are marked by the dominance of
Horriditriletes, Scheuringzpollenites and Parasaccites
continues to decrease from No. 20 to Polampalli to
No. 22 Inclines. Latosporites increases steadily in the
same direction. Primuspol!enites and Illinites are
present significantly in Queen Seam of Polampalli
Incline.

The distinctive distribution of all the dominant
constituents and their percentage frequency suggests
segregation of the samples into sporologically three
different assemblages. The percentage of
inconsistently occurring gen~ra have been merged
into those occurring consistently in order to
represent the pollen spectrum more uniformly rather
than irregularly.

Assemblage E-This assemblage is characterised
by the dominance (Table 4a) of Parasaccites (18%)
and Scheuringipollenites (16%). Brevitriletes (12%)
occur subdominantly and is associated with
Hennellysporites (6%), Striatopodocarpites (6%) and
lllinites (8%). The total percentage of
laevigate + apiculate triletes amounts to 14 per cent
(Table 5), varitriletes 12 per cent, monosaccate 18
per cent, nonstriate-disaccate 32 per cent and striate
disaccate up to 15 per cent. Thus the overall
percentage is largely shared by the nonstriate
disaccate pollen grains. Such an assemblage is
present in the King Seam and D Seam of No. 20
Incline (sample Nos. 10 & 11).

Assemblage B I-The Queen Seam of
Pollampalli Incline contains Assemblage Bl. This is
characterised by the combined dominance of
Brevitriletes (14%) and Scheuringzpollenites (14%).
Striatopodocarpites (10%) closely follows along with
Primuspollenites (8%) and Hennellysporites (7%).
Monosaccates have reduced to 2 per cent. Thus the
Queen Seam of Polampalli Incline contains mioflora
quite different from the Assemblage E of King Seam.
The total percentage of laevigate + apiculate triletes
amounts to 14 per cent and the varitriletes 14 per
cent. Nonstriate-disaccate (26%) show a slight
decrease in their percentage. The- monolete
miospores (8%) and reticuloid disaccate (8%)
record their appearance for the first time in this
assemblage.

Assemblage B 2-Horriditriletes dominates the
assemblage up to 21 per cent. The dominant
components of Assemblage E reduce to
subdominance. Latosporites increases to 7 per cent.
The average total of laevigate + apiculate triletes
rises to the maximum (32%). Nonstriat~-disaccates

are present up to 23 per cent. Such a mioflora is
contained in the Queen Seam and D Seam (sample
nos. 12 & 13) of No. 22 Incline. This coal seam
shares its resemblance with the Queen Seam of
Pollampalli Incline in respect of Latosporites and
Primuspol!enites but differs in haVing high
percentage of Horriditriletes and Striatopodocarpites.
In Polampalli Incline Queen Seam is being worked
out only partly and such differences may occur due
to incomplete representation of the entire thickness
of the coal seam. It may also indicate variations in
the lateral extension of the same seam. Keeping in
view the above facts the palynofloras of the Queen
Seam from two inclines are described in the same
but a different sub-assemblages.

Kothagudem area

The main working coal seam in this area is the
King Seam which is being worked out partly in
convenient sections of Red and Blue. This coal seam
has been collected from Venkatesh Khani Group of
inclines Nos. 6 and 7. From Nos. 9 and 10 Inclines
Blue Seam and Green Seam have been collected
along with Top 1 and Top 2 seams. King Seam in this
area is marked by the dominance of Brevitriletes.
This character is in sharp contrast with the King
Seam of Yellandu area. The genera Parasaccites and
Sheuringipollenites which were dominant in the
laner, have reduced considerably in Kothagudem
area. Parasaccites decreases steadily in the younger
coal seams of No. 9 and 10 Inclines while
Scheuringipollenites becomes maximum in Top 1
Seam. Latosporites and Primuspol!enites attains
significance in Top 2 Seam only. Thus the eight
samples collected from the Kothagudem area can be
segregated into three distinct miospore assemblages.

Ass~mblageD-This assemblage is characterised
by the dominance of Brevitriletes (30%) in the King
Seam (Red & Blue) of No.6 Incline, Blue and Green
Seams of No.9 and 10 Inclines, and King Seam of
No. 2 Incline. Parasaccites (10%), and
Sheuringipol!enites (9%) are present subdominantly.
The laevigate + apiculate triletes total up to 19 per
cent, varitrilete 30 per cent, nonstriate-disaccate and
striate disaccate are present up to 14 per cent each.
The variations among different genera in the lateral
extension of the King Seam in Kothagudem area are
negligible. Monosaccate and varitrilete are highest in
9 and 7 Incline to No. 2 Incline. Striate and
nonstriate·disaccates occur in the reverse order.
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Table 4a-Showing percentage composition of different assemblages In various collieries of Godavari Graben

Assemblages E 0

Collieries Yellandu Kothagudem Ramakrishnapuram

Incline/Pits 20 2 6&7 9&10 Ramakrishna
Khani

Coal Seam King 0 Aver· King King King Aver· Blue Green Aver· Aver· Seam Seam
age Red Blue age age age 4 3

Genera
Sample no. 10 11 10+11 I 2 3 2+3 5 6 5+6 1+ 20 19

(2+3)
+(5+6 )

LeiOlrileles 0.8 70 4.0 32 4.7 43 45 43 35 4.5 4.2 5.1 2.0
Hennellysporiles 1.8 11.0 65 4.6 3.7 38 35 1.8 50 3.5 3.2 7.4 6.0
Horridilrileles 0.8 20 1.5 56 5.7 ll8 8.5 6.3 7.5 70 76 '2.1 4.0
Brevilrileles 14.4 11.0 12.5 25.2 29.7 303 300 35.3 365 35.5 31.6 22.4 28.0
Lalosporiles 1.4 1.0 1.5 2.2 17 1.1 1.5 1.3 2.0 1.5 1.8 2.1 3.5
Parasacciles 25.4 11.0 18.0 6.2 7.7 7.8 7.5 165 11.5 14.0 99 10.4 100
Plalysaccus 1.4 50 30 1.6 2.7 2.8 35 1.3 2.0 1.5 1.8 2.1 35
Sirialiles+ Lahiriles 46 50 50 ll.4 9.7 45 7.0 46 7.0 55 76 52 45
Sirialopodocarpiles 7.4 60 65 66 67 58 65 2.8 4.0 35 5.8 7.6 7.0
Faunipolleniles 2.8 8.0 5.5 86 4.7 68 S:5 3.8 .~ 0 4.5 5.8 5.8 2.5
!IIiniles 6.4 11.0 8.5 7.7 3.7 2.8 3.5 4.3 35 4.0 46 3.6 50
Vesicaspora 4.8 50 50 25 4.7 23 35 23 2.0 2.0 18 8.4 2.5
Scheuringipolleniles 19.4 130 16.0 12.7 9.2 128 ll.O 11.3 55 8.5 10.5 12.6 14.0
Ibisporiles 43 30 35 12 17 1.3 1.5 1.8 25 2.0 15 31 4.0
Tiwariasporis 43 1.0 30 1.7 3.7 1.8 2.5 2.3 25 2.5 1.5 2.6 5.0

"

Assemblage B I-Brevitriletes though reduced
considerably in To 2 seam of No.9 and 10 Inclines
yet it dominates the assemblage. Latosporites
distinguishes this seam by its presence up to 13 per
cent. Scheuringipollenites (10%) and Horriditriletes
(7%) closely follow the above genera.
Primuspollenites is present up to 3 per cent. In this
respect it shows resemblance with the Queen Seam
of Polampalli Incline in Singareni area. The total
percentage of laevigate + apiculate trilete miospores
remain at 19 per cent but varitrilete and nonsaccate·
decrease persistently. Striate disaccate increase to 26
per cent. In this manner the Top 2 Seam shows a
palynoflora distinctly different from the King Seam.

Assemblage A-It is found in the Top 1 Seam of
No. 9 and 10 Inclines. This is marked by the
dominance of Scheuringipollenites (25%).
Brevitriletes (22) also rises to subdominance.
Platysaccus increases to 9 per cent. The total
percentage of laevigate + apiculate triletes (8%),
monoletes (1%), monosaccates 0%) and striate·
disaccate' decreases considerably while the
nonstriate-disaccate share the maximum percentage
(37%) of the palynoflora. In this respect the-Top 1
Seam differs from ~ll the underlying coal seams.

Ramagundam area

Five samples from three different inclines were
collected. The genus Hennellysporites is present

significantly in the two older coal seams but reduces
in the younger ones. Parasacciies and Brevitriletes
also behave likewise (Table 3b). Indotriradites,
although rare, is present in Seam 4 only. Latosporites
and Prirnuspollenites are present in very small
amounts irr Seam 3 and 4 while in Seam 2 and 1 they
are preSenL-5ignificantly. Scheuringipollenites
increases gradually in the younger coal seams
reaching its maximum in Seam 1 of No.3 Incline.

The quantitative distribution of various
miospores genera distinguishes two distinct
miofloral assemblages as follows:

Assemblage C I-Seam No. 4 of No. 1 Incline
contains the dominance of Brevitriletes (26%, Table
4a} Hennellysporites (12%) and Scheuringzpollenites
(12%) occur next to it. Indotriradites (4.5%) is
characteristically associated with this seam only
which indicates an older aspect of the coal seam to
which it is associated. The total percentage of
laevigate + apiculate trilete (25%) and varitrilete
(26%) characterise the assemblage in close
association with nonstriate-disaccate (23%).

Assemblage C2-The genus Brevitriletes (15%)
reduces considerably in this asse'mblage while
Scheuringipollenties (15%) increases slightly. Their
combine¢ dominance is associated with
Hennellysporites (8%), Latosporites (5%),
Parasaccites (6%), Striatites (9%) and
Striatopodocarpites (7%). Indotriradites, which was
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(Table 4a contd

C

Cl C2 C3

, Manda· Ramagundam Belampalli
mari

MOlilal Kalyani 1 7 Mor· 85 Shanti 85 Mar· Shanti
Khani Khani gan Pil Dip Khani Dip gan Pil Khani

Seam Aver· Seam Seam Seam Seam Aver· Ross Ross Aver· Bo!. Salar· Salar· Aver· Midd· TOlal

2 age 4 4 3 3 age Seam Seam age jung jung age Ie Aver·
age

21 23 15 14 18 14+18 28 30 28+30 26 29 27 27+29 25 CI+C2
+C3

1.2 2.7 2.8 7.0 6.0 33 5.0 12.0 5,0 85 25 2.7 7.0 4.8 50 5.5
52 6.2 4,0 13.5 11.5 4.7 8.0 25.8 22.0 239 155 9.0 8.0 8.5 9,0 130

13.2 3.1 2,0 4.5 55 44 5.0 5,3 6.0 5,6 2.5 6.0 6.0 6.2 30 45
26.2 25,5 18.8 260 150 12.7 15,0 17.2 18,2 176 24.5 15.7 21.0 18.2 22.0 20.5

2.2 2.6 1.0 1.5 1.0 1.8 1.3 1.0 1.2 1.1 1.5 0.7 1.0 1.1 25 1.5
6.0 8.8 7.0 6.5 5.5 6.8 6.0 58 6.0 5.9 10.5 2.0 40 30 7.5 65
1.2 1.8 3.8 25 60 44 5.0 3.8 3.0 34 1.5 4.7 66 53 25 3.4
7.0 5.5 9.6 4.5 9.5 9.8 90 5.0 6.9 5.9 6.5 13.4 14.0 13.7 95 8.2
62 6.9 4.8 7.0 60 7.7 6.7 43 5.0 4.1 8.5 3.7 4.0 3.8 7.5 6.2

9.2 5.8 8.8 2.5 6.0 4.7 50 1.8 4.0 4.9 5.0 50 30 4.0 25 39
4.2 4.2 8.8 35 7.0 3.7 5.0 2.3 6.0 4.1 3.0 8.0 4.0 6.0 5.0 44
5.2 5.3 8.0 2.5 55 8.7 7.0 4.3 4.0 4.1 2.0 4.7 7.0 58 4.5 43

17.2 14.6 14.8 135 10.0 18.7 15.0 7.3 8.0 7.1 11.5 15.7 10.0 12.8 8.5 114
3.2 3.4 2.0 1.5 3.0 5.8 4.0 2.3 2.5 24 2.5 2.7 1.0 1.8 3.5 3.0
2.2 3.6 3.8 3.5 2.5 24 30 1.8 2.2 2.0 2.5 6.0 40 50 75 4.0

'I

present in Assemblage C2 is absent in this
assemblage. The total percentage of laevigate and
apiculate trilete amounts to the tune of 18 per cent
and nonstriate-disaccate to 37 per cent. Varitrilete
and striate-disaccate are present in 15 per cent and
20 per cent respectively. The coal seam 3 of No. 1
Incline and Seam 3 of No. 7 Incline, in which
Assemblage C2 is distributed, compare very closely
to each other in the distribution pattern of their
palynoflora. However, the trend of variation of the
dominant components in Seam 3 of No.7 Incline
shows a slight increase in the percentage of
Scheuringipollenites thus increasing the total
representation of nonstriate-disaccate slightly higher
than those of Seam 3 of No. 1 Incline.
Hennel/ysporites is also slightly reduced in No. 7
Incline while it increases in NO.1 Incline. Although

- the differences are marked out only slightly yet the
general behaviour of rest of the genera compare very
closely with that of Seam 3 of No. 1 Incline and
hence it is preferred to retain the same in
Assemblage C2. The differences, however, represent
only the lateral variations within the same seam.

Assemblage A-Seam 2 and Seam 1 of Godavari
Khani Incline No.3 is marked by the dominance of
Sheuringipollenites (23%, Table 4b). Brevitriletes,
which was dominant in Assemblage Cl, has reduced
considerably along with Hennellysporites and

Parasaccites. On the other hand, Latosporites and
Primuspollenites mark a slight increase in their
percentage. This character is in sharp contrast with
the older assemblage described above. While the
total representation of laevigate and apiculate trilete
(13%), varitrilete (10%) and monosaccates (1%)
have reduced considerably, the monolete miospores
(5%), nonstriate, reticuJoid and striate· disaccate
(37%, 5%, 20% respectively) mark a significant
increase in their percentages.

Ramkrishnapuram area

As shown in Table 3b the three coal seams
collected from two different Inclines (Seam nos. 2,
3,4) show a close similarity in qualitative as well as
quantitative occurrence of various miospore genera.
In view of their similarities all the three coal seams
have been grouped together to represent the same
miospore Assemblage 0 (Table 4a) of the
Ramkrishnapuram area.

Assemblage D-Brevitriletes (25%) in general
dominates over the genus Scheuringzpollenites
(13%) and thus characterises the assemblage. These
two genera continue to increase in their percentage
from oldest to the youngest seam while
Hennellysporites and Parasaccites record a reverse
trend. The overall representation of laevigate and
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apiculate triletes totals to 14 per cent whereas
varitrilete and nonstriate-disaccate are present up to
24 per cent and 22 per cent respectively. The
percentge of monosaccate pollen is still maintained
on an average up to 7 per cent.

Mandamari area

The two ceal seams, viz., Seam 4 and Seam 3,
collected from Kalyani Khani in Mandamari Division
show distinctly different palynofloras with each
other (Table 3b). Brevitriletes decreases from below
to become maximum in the youngest seam. On this
basis both the seams have been placed in two
different miospore assemblages (Table 4a, b).

Assemblage D--Coal Seam 4 of Kalyani Khani
Incline shows the dominance of Brevitriletes (18%)
while Scheuringipollenites (14%) along with
Faunipollenites and Illinites (8% each) and
Vesicaspora (7%) are represented subdominantly.
The average percentage of laevigate and apiculate
triletes total up to 7 per cent; varitrilete ranges up to
18 per cent; nonstriate and striate disaccate are
present up to 33 per cent and 23 per cent
respective Iy.

Assemblage A ?-The dominant genus
Brevitriletes of Assemblage D declines to
subdominance in Assemblage A? Scheuringipollenites
rises to dominance being represented up to 23 per
cent. Faunipollenites (9%), Parasaccites (6%) and
lbisporites (7%) occur next to the subdominant
genus Brevitriletes. The laevigate and apiculate
triletes as well as varitriletes as compared to
Assemblage D, declines to 4 per cent and 6 per cent
respectively while the population of nonstriate and
striate-disaccates increases to 43 per cent and 28 per
cent respectively. This assemblage is associated with
coal seam No. 3 of Kalyani Khani Incline.

Belampalli area

The Tandur collieries, situated 2.5 km north· east
of Belampalli Railway Station, comprises a large
group of collieries. Coal samples were collected
from the working faces of the coal seams in Shanti
Khani Incline, Morgan pit and 85 Dip. Salarjung
Seam and Ross Seam is being worked out in the
latter two inclines while in Shanti Khani Incline the
Top, Middle and Bottom Seams are being worked.
Hennellysporites is associated with all the older
seams of the above inclines but it reduces in the
younger coal seams. Leiotriletes and Parasaccites
(Table 3b) behave similar to Hennellysporites.
Brevitriletes occurs uniformly in the Salarjung and
Ross seams but in Shanti Khani Incline it reduces
from older to younger seams. Similarly

lndotriradites is uniformly present in all the coal
seams of Morgan pit, 85 Dip and older two coal
seams of Shanti Khani Incline. Scheuringlpollenites,
on the other hand, increases from the older towards
the younger seams. Such a distribution of the above
taxa segregates the palynoflora into three distinct
miofloral assemblages. '

Assemblage C2-The Ross Seam of Morgan pit
and 85 Dip contain Assemblage C2 in which
Hennellyspo1"ites is represented to its maximum of 23
per cent (Table 4a). Brevitriletes follows next to it.
Leiotriletes and Scheuringipollenites occur nexr to
Brevitriletes. lndotriradites is present in the Ross
Seam but only lowly. The average percentage of the
laevigate and apiculate triletes total up to 38 per
cent, varitrilete 16 per cent and zonate trilete 4 per
cent. The nonstriate-disaccate like varitrilete are
present up to 16 per cent but striate-disaccate (9%)
are present in low amounts.

However, the mioflora of the Bottom Seam of
Shanti Khani Incline shows a different picture. The
general dominance is marked by the genus
Brevitriletes unlike that of Ross Seam palynoflora. On
the contrary, Hennellysporites (14%) shows a slight
decrease in its percentage. The total representation
of laevigate and apiculate trilete (21%) and zonate
trilete (1 %) show a slight decline from the normal
trend whereas varitrilete (23%), monosaccate (9%)
and striate-disaccate (16%) tend to increase. Thus,
the differences in the Bottom Seam become quite
apparent yet the higher presence of Hennellysporites
closely alienates it with Ross Seam mioflora. The
trend of variation of rest of the taxa from Bottom
Seam to Middle Seam in Shanti Khani Incline also
bears a great parallelism with that observed in Ross
Seam to Salarjung Seam. In view of the above facts it
has been preferred to retain the Bottom Seam of
Shanti Khani Incline in Assemblage C2.

Assemblage C3-The Assemblage C3 of the
Salarjung Seam in Morgan pit and 85 Dip is marked
by the dominance of Brevitriletes (18%) and
Scheuringlpollenites (12%) while Hennellysporites,
which was a dominant genus of Assemblage C2, has
reduced to subdominance. The percentage of
lndotriradites is almost similar to Assemblage C2.
Although the general behaviour of the important
constituents of Assemblage C3 compare very closely
to Assemblage C2, the differences increases
manyfolds when their overall representation of the
group of miospores is taken into account. The
laevigate and apiculate triletes reduces to 21 per
cent while the percentages of varitrilete and zonate
trilete remain almost similar to Assemblage C2. The
percentage of nonstriate and striate-disaccate
increases significantly (28% & 23% respectively)
thus distinguishing the Salarjung Seam from Ross
Seam.
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of monolete miospores. In Queen Seam of
Polampalli Incline, however, the apiculate spores
declines suddenly while reticuloid and striate
disaccate pollen compensate the loss. Barring these
the other groups tend to cohere the two seams more
closely. Assemblage B of Sohagpur Coalfield
(Bharadwaj & Srivastava, 1971) resembles with
Queen Seam of No. 22 Incline in view of the
dominance of Horriditriletes + Brevitriletes but tends
to differ in having more monolete spores. This
assemblage has been placed in the Middle Barakar
Stage of the Sohagpur Coalfield It is therefore,
evident that the King Seam and Queen Seam were
deposited at two different levels significantly
differentiated from each other. The succession of
palynoflora in Yellandu area is as follows:

No. 22 InclineD Seam
Queen Seam
Queen SeamAssemblage Bl

Assemblage B2

Polampalli
Incline

Assemblage E King Seam No. 20 Incline

Kothagudem area-The King Seam of this area
contains abundance of varitriletes (Brevitriletes) and
laevigate + piculate triletes (Assemblage D). As
compared to the King Seam of Yellandu area, the
monosaccate pollen grains tend to decline slightly.
Nonstriate-disaccate pollen are also higher in
Yellandu area comparatively. Thus the King Seam of
the above two areas share only few points in
common rather their marked differences. Palyno
floral assemblages dominant in Brevitrilet.es are
known in Sohagpur Coalfield (Assemblage E) but
the same is differentiated by its association with
Microbaculispora and Indotriradites. In Mohpani
Coalfield (Bharadwaj & Anand-Prakash, 1972) Brevi
triletes is associated with high Scheuringipollenites
and Indotriradites. Assemblage-D of Bisrampur
(Bharadwaj & Srivastava, 1970) and Assemblage A of
Talcher Coalfield (Bharadwaj & Srivastava, 1969)
also contains the dominance of Brevitriletes but in
all these assemblages Parasaccites is present in very
small percentages. In this respect the palynofloral
assemblage of King Seam shows an older aspect.

Top 2 Seam of No. 9 and 10 Inclines shows
further decline in Parasaccites and Brevitriletes
which were the characteristics of the King Seam.
Instead, Latosporites and striate-disaccate rise signi
ficantly. The palynoflora differs entirely from the
King Seam. On the other hand, Top 2 Seam compares
microfloristically very closely with Queen Seam of
Yellandu area (Pollampalli Incline) in view of
monolete and striate-disaccate pollen although
Horriditriletes is too low. The overall behaviour of
all the genera compares with the assemblage Bl.

Top 1 Seam, overlying the Top 2 Seam,
represents another phase of palynofloral succession.

The variat.ion of different genera, qualitative and
quantitative both, in coal seams of different areas of
Godavari Graben, has been discussed already. The
correlation of coal seam based on their quantitative
variance within each area is discussed hereunder
separately.

Yellandu area-The oldest coal seam of the
Singareni Coalfield is the King Seam of No. 20
Incline as it contains the maximum percentage of
radial monosaccates, chiefly Parasaccites. Radial
monosaccate pollen grains occur right from the
glacial phase of the Talchir Stage and continue up to
the Upper Karharbari Stage (Bharadwaj & Srivastava,
1973) of the Lower Gondwanas of India. This is a
transitional zone which is marked by the dying
phase of Parasaccites and other radial monosaccates
while Scheuringipollenites continues to rise so as to
gain dominance in the younger sediments. In other
words it represents the end of the monosaccates rich
palynaflora of Talchir Series.

Palynologically Queen Seam of No. 22 Incline is
different from King Seam and represents a much
younger stage in the miofloral succession. The seam
is characterised by the dominance of apiculate
triletes mainly Horriditriletes and a good percentage

CORRELATION

The Middle Seam of Shanti Khani Incline is
marked by the dominance of Brevitriletes (21%)
similar to the Salarjung Seam of Morgan pit. In this
respect it also shares its resemblance with the
underlying Bottom Seam except the lower
percentage of Hennellysporites (8%). Indotriradites
is also slightly reduced. While the percentage of
laevigate and apiculate trilete, varitrilete and zonate
trilete spores in Middle Seam resembles with the
Bottom Seam, the total representation of striate and
nonstriate·disaccate pollen grains remain similar to
Salarjung Seam. Thus, the lower percentage of
Hennellysporites and the general dominance of
Brevitriletes coupled with higher amounts of striate
disaccate pollen emplaces the Middle Seam into the
palynospore Assemblage C3.

Assemblage A-The Top Seam of Shanti Khani
Incline contains Assemblage A which is
characterised by the dominance of Scheuringipol
lenites (29%). Brevitriletes (16%) which was
dominant in Assemblage Cl has reduced to
subdorninance. The average total of laevigate and
apiculate triletes reduces to 8 per cent. Varitrilete
spores also have reduced to 16 per cent. The striate
disaccate pollen grains (20%) increases only slightly
but the nonstriate-disaccates (40%) rise appreciably.
Thus, the palynoflora in the Top Seam of Shanti
Khani Incline is quite different from the Middle
Seam.
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Table 5-Showlng percentage of miospore groups In different assemblage In Godavari Valley Coalfield

Group of Collieries Yellandu Kothagudem Rama· Ramakri· Manda· Belampalli... miospores gundam shanpuram mari
Morgan Pit Shanti Khani

Assemb· E B1 B2 D B1 A C1 C2 A D D C2 C3 q C3 A
lage

Laevigate +

Apiculate trilete 14.5 13.5 320 190 185 8.0 25.0 180 135 14.2 73 380 21.0 20.5 21.0 8.0
Varitrilete 12.5 13.5 15.0 30.0 15.0 220 26.0 15.0 10.5 24.0 18.0 160 17.5 23.0 21.0 16.0
Zonate - - 0.5 - - - - 0.5 - 3.5 3.5 1.0 1.0
Monolete 0.5 7.5 7.0 05 13.0 1.5 1.5 13 45 1.0 - - - 0.5 1.5
Monosaccate 17.5 2.5 2.5 10.0 60 3.0 6.5 60 1.5 7.0 60 4.5 2.5 9.0 6.5 1.0
Nonstriate
Disaccate 320 265 23.5 14.5 14.0 370 23.0 370 36.5 21.6 33.0 15.5 28.0 14.5 19.5 435
Reticuloid
Disaccate - 8.5 2.0 - 30 - 45 - 0.5 - - - - 0.5
Striate

i Disaccate 15.5 18.5 10.5 14.0 26.0 16.0 20.0 20.7 13.1 - 23.5 28.0 22.5 16.5 21.5 15.5
A1ete 7.5 9.5 7.0 12.0 45 12.0 90 186 120 135 50 15.0 8.5 14.5

This is characterised by assemblage A in which
Brevitriletes rises once again and Scheuringipolle
nites attains its maximum development. Composi
tely the assemblage is characterised by the
abundance of varitrilete spores and nonstriate-disac
cate pollen. Striate-disaccate pollen and monolete
spores decline sharply. This character is in sharp
contrast with the underlying Top 2 Seam. Three
stages of the palynoflora succession have been
recognised in Kothagudem area.

Ramagundam area-The oldest coal seam of
Ramagundam area (Seam No.4) contains Assemb
lage C1 in which the dominance of Brevitri/etes is
associated with Henn ellysporites. In this way the
pteridophytic spores form the bulk of the total per
centage. In younger Seam 3 of No. 1 Incline Brevi
tri/etes decreases appreciably. Hennellysporites
remains almost similar to Seam 4 and thus shows its
older affiliation. However, the total percentage of
nonstriate-disaccate increased to distinguish it
separately. In the mioflora of Seam 3 of No.7 Incline
(Assemblage C2) the percentage of nonstriate
disaccate increases further high and in this respect
the Coal Seam 3 of both the Inclines have been put
in one assemblage (Assemblage C2). Both the
assemblages described here appear more
quantitative rather than qualitative and resemble
very closely to each other in view of its association
with F-Ienn ellysporites. The flora of Seam 3 of No. 1
Incline represents a transition in between Seam 4 of

Ramkrishnapuram area-Coal seams 2,3 and 4
of this area show a very coherent palynoflora
(Assemblage D) being characterised by the domi
nance of Brevitri/etes. Scheuringlpo//enites occurs as

No. 3 Incline

No. 7 Incline
No. 1 Incline
No. 1 Incline

the same Incline and Seam 3 of No. 7 Incline.
Assemblage C of Chirimiri Coalfield (Bharadwaj &
Srivastava, 1969) contains Hennellyspor-ites in similar
percentages as has been observed here but in
Chirimiri they are associated with the dominance of
Microbacu/ispora. In Sohagpur Coalfield Hen nelly
sporites occurs alongwith Brevitri/etes (Assemblage
E, Bharadwaj & Srivastava, 1969) and compares very
closely to the Assemblages C1 and C2 of Ramagun
dam area. However, in Sohagpur Coalfield it is
associated with Indotriradites and Mierobacu/ispora.

In Seam 1 and Seam 2 of No. 3 Incline Scheu
ringlpollenites rises to its maximum while Brevitri
fetes reduces next to it. This assemblage (Assemb
lage A). is quite distinct from the older seams des
cribed above. Similar dominance is described from
Giridih Coalfield (Srivastava, 1973), Korba Coalfield
(Bharadwaj & Tiwari, 1964-Assemblage E;
Bharadwaj & Srivastava, 1973-01der subzone of
Zone no. 3). However, the coal seams marked by the
dominance of Scheuringipollenites in the Giridih
Coalfield are associated appreciably with reticuloid
and striate-disaccate pollen. In Korba Coalfield the
older phase of Zone No. 3 resembles very closely
with Seam 1 of Ramagundam area. Thus the
collation of these three assemblages in this area is
as follows:

Assemblage A + Coal Seam 1
Coal Seam 2

Assemblage C2 - Coal Seam 3
Coal Seam 3

Assemblage C1 + Coal Seam 4

No. 6 and 7 Incline
No. 2 Incline

No.9 and 10 Incline
No.9 and 10 Incline
No.9 and 10 Incline

Assemblage A Top 1 Seam
Assemblage B1 Top 2 Seam
Assemblage D Blue· and

Green Seams
King Seam
King Seam
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Table 6-Absolute percentage frequency of gymnospermous pollen grains in various coal seams of Godavari Graben

Genera Sample 1 2 3 5 6 7 8 9 10 11 12 13 14
no.

Parasaccites 10.5 15,7 21.2 45.5 38.8 6.0 12.2 34 33.7 16.1 1.6 84 8.6
Cunealisporites - - - 4.2 1.6 1.0 6.2
Piatysaccus 1.9 50 4,8 - 15.0 5.2 4.4 0.6 1.7 13.5 17.7 4.3
Striatites 5.7 5.0 2.4 4.4 4.0 30 1.8 0.6 1.7 4.9 8.4 5.1
Primuspolleniles - - 6.2 13.9 0.8 6.5 2.0
Labiriles 13.4 12.7 4.8 55 8.1 7.0 12.2 5.2 36 3.4 8.2 2.0 9.5
Striatopodocarpites 11.0 12.7 11.8 3.5 8.1 5.3 12.2 17.4 8.9 8.4 3.2 63 9.5
Fa unipollenites 150 7.6 14.2 6.5 12.2 4.5 7.2 7.8 3.7 11.8 6,5 4.5 9.5
llIinites 13.4 50 - 2'.5 6.1 2.0 7.8 7.6 16.9 - 2.0 11.2
Ve'sicaspora 3.7 76 3.6 2.5 - 0.9 1.7 5.5 7.0 4.9 104 8.6
Scbeuringipollenites 21.0 18.9 28.2 25.5 15.3 44.0 21.4 24.4 25.5 20.4 41.0 25.0 16.4
Ibisporites 1.0 - 1.0 2.5 2,0 4.2 5.2 4.3 3.4 1.6 2.0 4.3
Tiwariasporis 1.9 50 2.3 2.5 2.0 7.6 18.4 1.8 4.8 0.8 6.5 6.2 3.4
Kingiacolpiles - 50 5.8 3S 30 1.5 - 5.2 2.4 3.4 - 4.1 3.4

Kothagudem CoUieries: No.2 Inc!ine-1. King seam; Nos. 6,7 Incline-2. King seam (red), 3. King seam (blue); Nos. 9, 10 Incline-5, Blue
Seam, 6. Green seam, 7. Top 1 seam, 8. Top 2 seam, Yellandu CoUieries: Polampalli Incline-9. Queen seam; 20 Pit Incline-l0. King Seam,
11. D seam; 22 Pit Incline-12. Queen Seam, 13. D seam. Ramagundam Collieries: No.1 Incline-14. seam 3,15. Seam 4: No.3 Incline-16.
Seam I, 17. Seam 2; No.7 Incline-18. seam 3. Ramakrishnapuram Collieries: Ramakrishna Khani 1-19. seam 3, 20. Seam 4; MotiIal Khani J-

21. seam 2. Marutamari Area: Kalyani Khani-22. seam 3, 23. seam 4. BelampaUi CoUieries: Shanti Khani-24. Top seam, 25. Middle Seam,
26. Bouom seam; Morgan Pit-27. Salarjung Seam, 28. Ross seam; 85 Dip-29. Salarjung, 30. Ross Seam

Assemblage D

subdominant genus closely followed by Parasac
cites. The variation in different genera within
different coal seams both vertically and laterally are
rather negligible and all the three coal seams
contain nearly identical palynofloras.

Seam 2 Motilal Khani
Seam 3 Ramkrishna Khani
Seam 3 Kalyani Khani
Seam 4 Ramkrishna Khani

Mandamari area-Palynoassemblage D charac
terises the Coal Seam 4 of Kalyani Khani Incline. The
dominance is marked by Brevitriletes and is
subdominantly associated with Scheuringtpollenites.
In coal Seam 3 of the same incline Brevitriletes
decreases only slightly but Scheuringipollenites
records a significant increase till it reaches the
dominance. However, the general trend of variation
of rest of the components compare each other,
except the above two genera. The cause of such
differences could not be ascertained. The coal seams
are being worked ilil partly convenient sections and
the entire thickness of the coal seams is usually not
available. Such factors may cause such abnormal
variations. As has been observed in other area,
Scheuringipollenites has a tendency to increase in
the younger coal seams. Keeping in view the above
factors Coal Seam 3 has proVisionally been placed
along with Coal Seam 4,

Assemblage D? Coal Seam 3 Kalyani Khani Incline
Coal Seam 4 Kalyani Khani Incline

Belampalli area-The two workable coal seams,
Ross Seam (3 m) and Salariung Seam (about 8 m) are

separated by a sandstone band of about 30 m in
thickness in the Morgan pit and 85 dip area. Salar
jung Seam is being mined only partly while Ross
Seam is being worked in its entire thickness. Ross
Seam is characterised by the dominance of Hennelly
sporites while Brevitriletes and Scheuringipollenites
occur next to it (Assemblage C2). In Salarjung Seam
Hennellysporites decreases to subdominance while
Brevitriletes rises to dominance (Assemblage C3).
The former coal seam is rich in laevigate + apiculate
triletes while the latter contains higher amounts of
nonstriated and striated-disaccates. In fact, the paly
noflora of the Salarjung and Ross seams contains
similar group of pollen qualitatively and shows
greater resemblance with each other. In view of this
fact they have been designated as Assemblage C2
and C3. However, the quantitative variation of
individual genera and the total representation of
various group of miospores together distinguishes
the two coal seams distinctly from each other.

Ghosh (1968) studied the distribution of
miospores in the coal types of above coal seams.
According to his observations also the Ross Seam
and Salarjung Seam bear closer relationship with
each other qualitatively and they can only be
differentiated quantitatively. He recorded higher
occurrence of Parasaccites (=Nuskoisporites) and
Leiotriletes in Ross Seam and Hennellysporites in
Salarjung Seam which, however, differ from our
observations.

In Shanti Khani Incline the coal seams of
Morgan pit area split into two each. These coal
seams are also being worked here in only partly
convenient sections. The mioflora similar to Ross
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BIOSTRATIGRAPHY AND INTER-AREA
CORRELATION

The oldest palynoflora I assemblage is
encountered in the King Seam of Yellandu area and
is characterised by Parasaccites and Scheuringipol.
lenites (Assemblage E). The Gondwana sediments of
the Yellandu area occur in the form of an outlier
from the main Gondwana Strata of the Godavari
Valley. The equivalence of King Seam of this area is
not found in other areas.

The next younger coal seam is accosted in
Assemblage 0 which is characterised by the domi-

Seam is found in the Bottom Seam of Shanti Khani
Incline. Similarly the Middle Seam is equivalent to
Salarjung Seam palynologically. Thus the above two
seams extend laterally into the Shanti Khani area,
and the behaviour of various palynotaxa in the
lateral extent of the each seam is well evident. The
mioflora of Salarjung Seam is consistent throughout
the entire length of the seam. In Ross Seam Brevi
triletes increases slightly in the Shanti Khani area and
is separated from the Middle Seam by nearly 7
meters sandstone parting. The Top Seam of the
Shanti Khani area shows a palynoflora quite different
from the above two seams. This coal seam contains
the dominance of Scheuringlpollenites (Assemblage
A) and is associated with other nonstriate-disaccate
pollen:

Assemblage A
Assemblage C3

Assemblage C2

Top Seam
Salarjung Seam
Salarjung Seam
Salarjung Seam

Ross Seam
Ross Seam
Bottom Seam

Shanti Khani area
Morgan pit
85 dip
Shanti Khani

Morgan pit
85 dip
Shanti Khani
Incline

nance of Brevitriletes. This miofloral assemblage is
associated with the King Seam of Kothagudem area.
It may be mentioned here that the King Seam is the
oldest working coal seam in Yellandu and Kothagu·
dem areas but the palynofloras of the two show a
definite discordance. The genus Parasaccites
decreases from Yeliandu t6 Kothagudem area while
Brevitriletes increases inversely. Thus the monosac
cates and nonstriate-disaccate pollen record sharp
decline while varitrilete spores increase propor
tionately in Kothagudem area. The palynoflora
similar to the King Seam of Kothagudem area is also
encountered in Seam 2, 3 and 4 of Ramkrishnapuram
and Seam 3 and 4 of Mandamari areas.

Assemblages C2 and C3 are associated within
the Ross and Salarjung seams of the Tandur area
respectively. Th~ir equivalence is also observed in
Seam 3 of Ramagundam area (Assemblage C2). Seam
3 and Seam 4 of Ramagundam area are normally
correlated with the Salarjung and Ross seams of
Belampalli area, which, however, agree only partly
palynologically with Seam 4 of Ramagundam area. It
shows an intermediate position between the King
Seam of Kothagudem area and Ross Seam of
Belampalli area.

The Queen Seam of Pollampalli Incline is
characterised by a combined dominance of Brevitri
letes and Scheuringipollenites (Assemblage B1) and
in this respect it compares Top 2 Seam (No.9 & 10
Incline) of Kothagudem area.

The seam represented by Assemblage B2, which
contains high percentage of Horriditriletes, is
present in the Queen Seam and 0 Seam of Yellandu
area (No. 22 Incline). The mioflora of Queen Seam
has not been encountered in Belampalli and
Ramagundam areas.

The youngest palynological assemblage is
encountered in Top 1 Seam of Kothagudem area and
is characterised by the dominance of Scheuringlpol
lenites (Assemblage A). Seam 1 and Seam 2 of
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comparison with the known Upper Karharbari paly
nofloras but the additional presence of Scheuringi
pollenites indicates a younger aspect. The overall
dominance of Parasaccites in King Seam of Kotha
gudem collieries also allienates it with King Seam of
Yellandu area but the presence of apiculate spores in
King Seam of Kothagudem area shows a distinct
Lower Barakar aspect. In Korba Coalfield (Bharadwaj
& Srivastava, 1973) similar transition has been
observed at the boundary of Upper Karharbari and
Lower Barakar formations obviously subtending the
present observation. Assemblages D-B represent
various stages of palynological succession within the
Lower Barakar palynofloras. The assemblage changes
considerably after the deposition of Assemblage B
where nonstriate-disaccate become dominant over
the pteridophytic spores. Striate-disaccate pollen
grains also mark slight increase. Assemblage A
represents the Middle Barakar palynoflora.

Ramagundam area
Belampalli area
(Shanti Khani
Incline)

Seam 2
Top Seam

Assemblage E King Seam Yellandu area

The palynological investigations suggest the
occurrence of six palynoassemblages in the Goda
vari Graben. The average representation of various
genera reveal that palynological succession was
influenced by one palynoflora I change during the
course of deposition of the coal seams studied in the
present investigation. The oldest palynoflora is
associated with the King Seam of Yellandu area
COntaining Assemblage E.

The absolute percentages of gymnospermous
pollen grains have been re-calculated after redistri
buting the percentages of pteridophytic and alete
spores and have been shown in table 6. It shows that
Parasaccites and Scheuringipollenites occur either as
dominant or subdominant unit throughout the
spectrum, In King Seam ofYellandu area the overall
dominance of Parasaccites documents its

Assemblage A

Ramagundam area and Top Seam of Shanti Khani
Incline, Belampalli area also contains similar palyo
flora. Thus the inter-area correlation of Godavari
Valley is summarised as follows:

Top 1 Seam Kothagudem area
Seam 1 Ramagundam area

B1 Queen Seam Yellandu area

Assemblage B
Top 2 Seam Kothagudem area

B2 Queen Seam Pollampalli Incline,
Yellandu area

Salarjung Morgan pit, Belam-
palli area

C3 Mid. Seam Shanti Khani

Ross Seam Morgan pit, Belam-
palli area

Assemblage C C2 Bott. Seam Shanti Khani
Seam 3 Ramagundam area

C1 Seam 4 Ramagundam area

Assemblage D King Seam Kothagudem area
Seam 2, 3, 4 Ramkrishnapuram

area
Seam 3, 4 Mandamari area
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Further observations
Sharma from the

on Cycadinorachis omegoides
Rajmahal Formation, India

•

o P. Suthar, D. R. Bohra & B. D. Sharma

SUlhar, O. P., Bohra, D. R. & Sharma, B. D. (1987). Funher obselValions on Cycadinorachis omegoides Sharma
from lhe Rajmahal Formalion. Palaeobotanist 35(3) : 297·300.

A pelrified Cycadinorachis omegoides is reponed from Sonaiori in lhe Rajmahal Hills, Bihar. The number of
bundles in lhe omega gradually reduces while lhe dislinClion of cenrriperal and cenrrifugal "-l'lems increases
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SHARMA (1973) described an isolated petrified
rachis- Cycadinorachis omegoides Sharma bearing
mesarch bundles arranged in an omega from the
fossiliferous locality of Amarjola. The species is now
reported in a chert from Sonajori near Pakur.

DESCRIPTION

Each of the three specimens of Cycadinorachis
omegoides has 2-5 rachides or portions of leaves
embedded in different planes. The largest specimen
is nearly 10 cm long and has a portion of lamina
attached to it. The lamina is lateral and has parallel,
simple or branched veins. The thickest portion of
rachis is 7 mm in diameter. It has 23 collateral,
conjoint and mesarch bundles arranged in an
omega-shaped manner (PI. 1, figs 1-3; Text-fig_ 1)
The xylem is more or less triangular (PI. 1, fig. 4)

with the phloem (unpreserved) towards the outer
(centrifugal) side. The direction of phloem varies
with the change in positions of the bundles in the
omega (PI. 1, fig. 2). The centarch xylem comprises
compactly arranged tracheids (PI. 1, fig. 3). In
addition to main bundles there are 3-4 smaller
bundles in a line in the cavity of omega, i.e.
medullary vascular bundles (PI. 1, fig. 4). The
ground tissue is parenchymatous with a few
mucilage ducts (PI. 1, fig. 6) The hypodermis
patches are distinct, sclerenchymatous and 5 to 7
cells thick.

A cross section of the rachis from the level little
above than the one described in Plate 1, fig. 1 shows
reduction in the number of bundles (PI. 1, fig. 2;
Text-fig. 1B) and this continues towards the apex of
the frond (rachis). The reduction in bundles is due
to the fusion of adjacent bundles in the rounded
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Text-figure lA-C- CycadinOrtuhis omegoides: A, cross section
through basal portion of rachis with omega-shaped arrange
ment of bundles. x 24; B, cross section of rachis Hale
above the base. x 24; and C, cross section of the upper
portion showing fusion of centra! bundles. x 24.

REMARKS

and lower epidermis. The latter possesses stomata.
The mesophyll is homogeneous and undifferentiated
into spongy and palisade tissues. The bundles are
enclosed by a sheath and are connected with the
upper and lower epidermis by sclerenchyma strands
(PI. 1, fig. 7). Details of the bundles are not
preserved. In between the bundles there are
transversely elongated, large cells which probably
acted as transfusion cells, similar to those found in
Dioon spinulosum (Bierhorst, 1971) and Cordaites
(Coulter & Chamberlain, 1910)

Tn the present material the bundles are
collateral, conjoint and mesarch while in holotype of
Cycadinorachis omegoides Sharma these were
described as concentric with mesarch protoxylem .
The medullary vascular strands and mucilage ducts
in the ground tissue also could not be seen in the
type specimen. Some of these minor differences may
be due to preservational factors in Amarjola material.

The omega-shaped arrangement of bundles in
the petiole/rach is_ has been described in Cycas and
Dioon (Mettenius, 1861). The present specimens
differ in the structure of the bundles and existence
of medullary bundles. The mucilage ducts are ill
defined which are quite distinct in the extant genera.
The anatomy of the lamina is identical to that of
Dioon spinulosunl (Bierhorst, 1971; fig. 20-4D). The
vascular bundles hang in the undifferentiated
mesophyll by sclerenchyma bands from both the
surfaces.

None of the cycadean fronds from Rajmahal
Formation is known in petrifaction and hence the
comparison with the present specimens is not
possible. Petrified material of Taeniopteris spatulata
collected from Nipania (Rao, 1943) were associated
with the Pentoxyleae and named as Nipaniophyllum
mol Sahni (1948) The midrib of petrified leaves of
Nlpaniophyllum raoi from Nipania (Rao, 1943; Sahni,
1948) possesses diploxylic bundles arranged in a
differently shaped Simple arc unlike the omega of
the present material.
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portion of the omega (TeX'1-fig. lC) The bundles
thus prodLKed are larger in size and show
differentiation of centripetal and centrifugal xylems
(PI. 1, fig. 5). The tracheids of the former are
comparat ively wide. The m ed u llary strands
disappear in the upper portion of rachis.

Laminae arise on either side of the upper
portion of rachis (Text-fig. IC) and a 3-5 cells thick
layer of parenchyma develops outside the
hypodermis on the dorsal surface (PI. 1, fig. 6). The
neck of the omega disappears and the bundles in the
open arms are arranged more or less in a straight
line to supply the laminae. A cross section through
the veins of the lamina shows distinction of upper

PLATE 1

1. Cross section of rachiS from base wirh omega-shaped arrange·
ment of bundles x 24.

2. Cross section above the base. x 24.
3 Cross secrion shOWing a few bundles enlarged to show mesarch

protoxylem. x 120
4. Cross section shOWing bundles and a medullary strand. x 120.

5 Cross section 'showing upper portion of rachis with lareral
laminae and origin of parenchyma layer dorsal to hypoder·
mis x 24.

6. Section shOWing presence of mucilage ducrs in ground rissue
x 120.

7 Cross section of the lamina with two bundles and homogeneous
mesophyll. x 120
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Palynology of the ]aintia Group (Palaeocene-Eocene)
exposed along ]owai-Sonapur Road, Meghalaya, India

(Part II). Data analysis and interpretations
H. P. Singh & S. K. M. Tripathi

Singh, H. P. & Tripathi, S. K. M. (1987). Palynology of the jaintia Group (Palaeocene Eocene) exposed along
jowai-Sonapur Road, Meghalaya, India (Part II). Data analysis and interpretations. Palaeobotanist3S(3) : 301-313.

The palynoflora recovered from the jaintia Group (Palaeocene-Eocene) exposed along the road between jowai
and Sonapur, jaintia Hills has been dated and compared with various Lower Tertiary palynological assemblages. The
present studies support tropical to subtropical vegetation during the Palaeocene-Eocene times. It has also been
inferred that the jaintia Group sediments were deposited under shallow marine conditions.

Key-words- Palynology, Stratigraphy, jaintia Group, Palaeocene-Eocene (India).
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THE sediments of ]aintia Group are exposed along
National Highway 44, connecting Shillong
(Meghalaya) and Badarpur (Assam). These sedi
ments belong to the shelf facies and are exposed
between ]owai and Sonapur, southeast of Shillong.
The ]aintia Group is divided into three formations,
which in the ascending order are: Therria
Formation, Sylhet Limestone and Kopili Formation.
At ]owai, the Shillong Group (Precambrian) is
unconformably overlain by the Therria Formation.
Further south-ward, the Therria Formation is
overlain by the Sylhet Limestone which in turn is
succeeded by the Kopili Formation (Map 1).
Detailed geological information and a geological
map of the area have been published by Saxena and
Tripathi (1982).

Therria Formation (about 100 m thick) is
constituted by monotonous white-brown and pale
red, medium to very coarse-grained, often gritty,
cross-bedded, ferruginous sandstone, alternating
with subordinate shale and fine-grained carbona
ceous sandstone. The shale is mostly bentonitic and
without megafossils. The carbonaceous sandstones
are generally associated with thin coal seams.

The Sylhet Limestone (about 500 m thick) is
made up mainly of limestone with thin alternations
of sandstone and consists of five members. Kopili
Formation, the youngest stratigraphie unit of the
]aintia Group, is made up of grey, fine to very fine
grained, massive to laminated, compact sandstone,
alternating with shales. The shales represent
ellipsoidal structures shOWing laminae like
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FORMATION

palynofloral assemblage. The presence of various
palynotaxa in the three formations is as follows:
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Cyathidites australis
Intrapunctisporis densipunctis
Dandotiaspora dilata
D. telonata
Dandotiaspora sp.
Biretisporites sp.
LygodiumspOrites eocenicus
L. meghalayaensis
L. khliehriatensis
L. marginiplica'tus
L. psilatus
Todisporites major
Osmundacidites sp.
Corrugatisporites sp.
Foveotriletes pachyexinous
Foveotriletes sp.
Striatriletes susannae
S. paucicostatus
S. attenuatus
Cingutriletes sp.
Monolites mawkmaensis
M. discordatus
Polypodiisporites mawkmaensis
Verrucatosporites sp.
Schizaeoisporites sp.
5ciadopityspollenites sp.
Trijossapollenites constatus
Couperipollis brevispinosus
C. meghalayaensis
C. wodebousei
C. robustus
C. rarispinosus
Couperipollis sp.
Liliacidites microreticulatus
L. giganticus
L. major
Collospermumpollis laevigatus
Palmidites plicatus
p. obtusus
P. maximus
Palmaepollenites communis
Pinjoriapollis magnus
Proxapertites assamicus
Assamialetes emendatus
Ladakhipollenites elongatus
Tricolpites alveolatus
Trisynocolporites angularis
Retitrescolpites sp.
Tricolporopollis rubra
Densiverrupollenites eocenicus
Lakiapollis assamicus
Myricipites vulgaris
Graminidites maximus
Polyporina sp.
Gonyaulacysta sp.
Apteodinium sp.
Turbiospbaera jilosa
T proximata
Apeetodinium homomorphum
A parvum
Apeetodinium sp. cf.
A hyperacantbum

PALYNOFLORAL COMPOSITION AND ITS
QUALITATIVE ANALYSIS

The Jaintia Group (Palaeocene-Eocene) sedi
ments exposed along the road between Jowai and
Sonapur, Meghalaya have yielded 59 genera and 92
species. Out of these, 15 genera and 25 species
represent the pteridophyte5, 20 genera and 29
species represent the angiosperms, 13 genera and 26
species represent the algae and 11 genera and 12
species represent the fungi.

Qualitatively angiospermous pollen grains
exhibit tneir dominance over other plant groups but
quantitatively pteridophytic spores constitute the
major part of the assemblage (30%). The
dinoflagellate cysts (algae) constitute 29% of the
total palynofloral assemblage, while the
angiosperms share 20% of it. The fungal remains are
represented by 2% only. Gymnospermous pollen
grains are conspicuously absent in the present

successive layers of onion. Kopili Formation is about
500 m thick.

Sein and Sah (1974) on the basis of
palynological study, mostly at generic level,
demarcated the Eocene and Oligocene sediments
exposed along the road between Lumshnong and
Sonapuf. Later, Duna and Jain (1980) described
acritarch and dinoflagellate assemblages from the
Sylhet Limestone and Kopili Formation in the Lum
shnong area and pointed out their biostratigraphic
potential. However, palynostratigraphical infor
mation available so far from this area is meagre and
the results are based on study of limited number of
samples.

The present analysis of palynological data is
based on 318 rock samples which were collected
from stratigraphically measured sections. Of these,
160 samples proved to be productive, yielding a rich
palynoflora I assemblage constituted by algal, fungal,
pteridophytic and angiospermic remains. Systematic
palynology alongwith critical observations has
already been dealt with by Singh and Tripathi
(1983), Tripathi and Singh (1984a), Tripathi and
Singh (1985), Singh and Tripathi (1986) and Tripathi
(in Press).

A paper on palynostratigraphical zonation and
correlation of the Jaintia Group sediments, exposed
along Jowai-Sonapur Road, Meghalaya has also been
published by Tripathi and Singh (1984b). In the
present paper a comparative account of the
assemblages known from the stratigraphically
equivalent horizons is given and palynological data
has been analysed qualitatively and quantitatively to
reflect upon palaeogeography, palaeoclimate, pala
eoecology and age of the sediments.



SINGH 8i TRIPATHI-PALYNOLOGY OF THE JAINTlA GROUP 303

Botanical affinity of studied fossil spores and
pollen grains has been inferred by comparing their
morphographic features with those of the living
ones. Mostly the published information on the
morphology of spores and pollen grains has been
used for this purpose. In most of the cases the
affinity could be traced only up to family level,
however, in some cases it has been possible to
compare them up to the generic level as well. The
pteridophytes are represented by the following
families:

~

Homolryblium lenuispinosum
H. oceanicum
H. p/ecli/um
Cordosphaeridium exilimurum
C mU/lispinnsum
C. valianlum
Cordospbaeridiul11 sp.
Prolixosphaeridium conu/um
Imp/elospbaendi/lm sp.
Po/yspbaeridium subli/e
P giganleum
P. ornamenlum
Opercu/odinium cenlrOCalpul11
0. israelianum
0. major
Adnalospbaeridium villalum
A. robus(um
Codoniella /angparensis
Eocladopyxis sp
Callimolhallus perlusus
Pbragmolbyriles eocenica
PbragmOlbyriles sp.
Paramicrolhalliles sp.
Microlbal/iles sp.
Cucurbilariaciles bellus
P/uricel/aesporiles psi/alus
Dicellaesporiles popovii
Dicel/aesporiles minulus
Diporisporiles sp.
Dlporicel/aesporiles sp
Inaperlisporiles sp.
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Schizaeaceae

Schizaeoisporites sp. appears to be related to
this family due to the comparable spore morpho
logy. This family is chiefly distributed in the tropical
and subtropic.al regions of the world. Lygodium
sporites and Intrapunctisporis also show affinity with
this family.

Cyatheaceae

Cyathidites australis resembles the spores of the
family Cyatheaceae. Presently plants of this family
are found mainly in the tropical and subtropical
areas of the world.

Osmundaceae

Todisporites major and Osmundacidites sp.
resemble the spores of the family Osmundaceae.

Parkeriaceae

The genus Striatriletes is quite similar to the
spores found in Ceratepteris (Parkeriaceae). This is a
water fern and is distributed in the tropical and sub
tropical regions of the world.

The angiosperms are represented by the
following families:

Palmae

Palmidites, Palmaepollenites and Couperipollis
resemble the pollen grains of the family Palmae. The
present day distribution of this family is restricted to
tropical and subtropical regions of the world.

Liliaceae

{

Lycopodiaceae

Foveotriletes pachyexinous and Foueotriletes sp.
are comparable to the spores found in some
members of the family Lycopodiaceae. This family is
presently found in tropical to temperate regions and
favours moist and shady places.

Polypodiaceae

The family Polypodiaceae is represented by
Monolites mawkmaensis, M. discordatus,
Polypodiisporites mawkmaensis and Verrucatos
porites sp. The present day distribution of this .family
is cosmopolitan.

Matoniaceae
Biretisporites and Dandotiaspora are doubtfully

related to the fern family Matoniaceae.

Liliacidites and Collospermumpollis are closely
comparable to the pollen grains of the family
Liliaceae. This family is cosmopolitan in the present
day distribution.

Graminae

Graminidites maximus resembles the pollen
grains of the family Graminae. This family is cosmo
politan in the present day distribution.

Nymphaeaceae

This family appears to be represented by the
pollen grains of Proxapertites assamicus. The
present day distribution of this family is mainly
restricted to the tropical regions. It is an aquatic
family.
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Map 1-Showing the area of investigation.

Nelumboniaceae Chenopodiaceae

Pollen grains assignable to Assamialetes
emendatus resemble the pollen grains of this family.
This family is also aquatic and is restricted to the
tropical regions of the world.

Cruciferae

Ladakhipollenites elongatus resembles the
pollen grains of the family Cruciferae. This family is
cosmopolitan in the present day distribution and it
grows in diverse conditions. However, pollen grains
of similar morphology are also found in the family
Polygonaceae.

The family is represented by Polyporina sp.
However, similar pollen grains are also found in the
family Amarantaceae.

Euphorbiaceae

Tricolporopollis rubra and Lakiapollis assamicus
are comparable to the pollen grains of the family
Euphorbiaceae. The present day distribution of this
family is cosmopolitan. Pollen grains of similar
morphology are also found in the family Araliaceae.

Myricaceae

Oleaceae

The family appears to be represented by the
pollen grains assignable to Retitrescolpites sp. The
present day geographical distribution of this family
is restricted to tropical and warm temperate regions
of the world.

Myricipites vulgaris shows affinity with the
family Myricaceae. The present day distribution of
this family is restricted to subtropical to temperate
regions of the world. Myricipites vulgaris is
abundantly found in the Indian Tertiary sediments but
during the present study its frequency was found to be
extremely low.

Magnoliaceae

Labiatae

Tri]ossapollen ites cons ta t us dou b t fu 11 y
represents this family. The family is cosmopolitan in
the present day distribution.

This primitive family is probably represented in
the assemblage by Pinjoriapollis magnus. The
present day distribution of this family is in the
temperate regions of the world.
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?Aristolochiaceae

The genus Sciadopityspollenites may doubtfully
be related to the family Aristolochiaceae. The affini
ties of Tricolpites alveolatus and Densiverrupollen
ites eocenicus are uncertain.

Palynoflora I assemblage recovered from the
Palaeocene-Eocene sediments of ]owai-Sonapur
Road section, Meghalaya reflects a tropical to sub
tropical type of vegetation; however, a few
temperate elements were also encountered.

PALYNOFLORAL COMPARISON

Punjab Basin

Palynological studies on the Subathu Formation
have been carried out by Mathur (1963, 1966);
Salujha, Srivastava and Rawat (1969) and Singh and
Khanna (1980). The Subathu palynological assemb·
lage described by Salujha, Srivastava and Rawat
(1969) comprises 28 genera and 45 species. Of
these, 10 genera belong to pteridophytes, 1 to
gymnosperms, 12 to angiosperms and 5 to micro
planktons. The palynofossils are poorly preserved
precluding a close comparison. However, Todispo·
rites (Scabratriletes), Dandotiaspora (Psilatriletes
lobatus), Osmundacidites (Scabralrileles sp. A),
Couperipollis (Echinomonoleles) and I'allllaepolle
nites (Retimonocolpiles) appear to he common to
both the assemblages. forms restricted to the
Subathu Formation are: Lycopodiacidites, Polypodia
ceaesporites, Granodlporites, Anacolcidites, Triorites,
Nyssapol/en i tes, Polycolpi tes, Mic rohystridiu m,
Canno-sphaeropsis, etc. The palynofossils restricted
to the Therria Formation but not reported from the
Subathu Formation are: Inl1'apunctisporis
densipunctis, Foveotriletes, Monolites, Liliacidites,
Assamialetes, etc.

Recently Singh, Khanna and Sah (1978) and
Singh and Khanna (1980) carried out a detailed paly
nostratigraphic study of the Subathu Formation and
recovered a rich palynofloral assemblage. The
assemblage recorded by Singh and Khanna (1980)
consists of 15 dinoflagellate genera, 4 pteridophytic
genera, 2 gymnospermic genera and 5. angiospermic
genera. The palynotaxa common to the Subathu and
Therria formations are: Cordosphaeridium, Homo
tryblium, Gonyaulacysta, Polysphaeridium,
Lygodiumsporites, Todisporites, Cyathidites,
Proxapertites, Couperipol/is, Tricolpites and
Palmidites. Palynotaxa restricted to the Subath u
Formation are: Hystrichosphaeridium, Oligosphaeri
dium, Spi11ljerites, Cleistosphaeridium, Cyclonephe
lium, Thalassiphora, Subathua, Araneosphaera,
Achilleoidinium, Tenua, Hexagonifera, Verrutri
colpites and Podocarpidites. The palynotaxa

represented in the Therria Formation but absent in
the Subathu Formation arc Tllrhiosphaera,
Apectodinium, Operculodinilll'll, AdllatospIJaeri
dium and Codoniella. Besides, many angiospermous
pollen grains, pteridophytic spores and fungal
remains have been recovered from the Therria
Formation, which are not present in the Subathu
Formation.

A comparative study of the palynological assem
blages from the Therria and Subathu Formation
reveals that the former is dominated by the pterido
phytic spores and angiospermic pollen grains, while
the latter is characterized by the abundant
occurrence of dinoflagellate cysts. A few
dinoflagellate cyst genera are common between the
two formations, but most of the elements are not
comparable. Singh, Khanna and Sah (1978) assigned
an Upper Palaeocene-Upper Eocene age to the
Subathu Formation.

Rajasthan

Bose (1952), Singh and Natrajan (1950) and
Jain, Kar and Sah (1973) investigated the Barmer
Sandstone of Rajasthan palynologically. The
palynoflora described by Jain, Kar and Sah (1973)
comprises 36 genera and 43 species, of which Proxa
pertites, Tricolpites, Palmaepollenites, etc. are
common between the two assemblages. The
follOWing Barmer Sandstone forms are absent in the
present assemblage: Araliaceozpollenites, Proteaci
dites, Extratriporopollenites and Triorites. Many
palynofossils present in the Therria Formation are
absent in the Barmer Sandstone. The Barmer
Sandstone has been assigned a Palaeocene age (Jain
et aI., 1973).

Rao and Vimal (1950, 1952) and Sah and Kar
(1974) made palynological studies on the Palana
beds, Rajasthan. The paFynological assemblage des
cribed by Sah and Kar (1974) is richly diversified
and consists of 32 genera and 47 species. The
palynotaxa common between the Palana beds,
Rajasthan and Therria Formation, Meghalaya are:
Todisporites, Osmundacidites, Dandotiaspora dilata,
Schizaeoisporites, Palmaepollenites, Iiliacidites,
Couperzpollis, Tricolpites, and Callimothallus. The
forms present in the Palana beds but absent in the
Therria Formation are: Dictyophyllidites, Laeviga
tosporites, Cheilanthoidspora, Retipilonapites, Cupu
lifero ipolle n i te s, Rho ip i te s, Caprifoliipi tes,
Hippocrateacidites, Margocolporites, Verrutricolpites,
Verrucolporites, Platoniapollenites, Calophyllumpol
lenites, Kielmeyerapollenites, Polybrevicolporites,
Pseudonothofagidites, etc.

The following palynotaxa of the Therria
Formation are not present in the Palana Bed,
Rajasthan: Intrapunctisporis, Lygodiumsporites,
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Foveotriletes, Monolites, Polypodiisporites, Palmidites,
Proxapertites, Assamialetes, Tricolporopollis, Densi
verrupollenites, etc. In addition to this the Therria
assemblage possesses many dinoflagellate cysts. The
palynofloral assemblages of Palana beds and Therria
Formation have very few elements in common. -Sah
and Kar (1974) assigned a Lower Eocene age to the
Palana beds.

Kutch

Palynological studies on the Lower Tertiary
sediments of Kutch have been carried out by Mathur
(1963, 1966), Venkatachala and Kar (1968, 1969a,
1969b), Sah and Kar (1969, 1970), Kar and Saxena
(1976), and Saxena (1978, ·1979).

Saxena (1978, 1979) reported a rich palyno
logical assemblage from the Matanomadh Formation,
Kutch (Palaeocene), comprising 45 genera
assignable to 86 species. Of these, 14 genera and 27
species belong to pteridophytes, 3 genera and 3
species belong to gymnosperms and 28 genera and
56 species belong to angiosperms. Palynofossils
common between the Matanomadh and Therria
formations are: Cyathidites australis, Lygodium
sporites eocenicus, Todisporites major, 1?andotia
spora dilata, D. telonata, Intrapunctisporis, Osmun
dacidites, Polypodiisporites mawkmaensis, Couperi
pollis wodehousei, C. brevispinosus, C. robustus,
Liliacidites, Palmidites maximus, Palmaepollenites,
Proxapertites and Tricolpites.

The palynotaxa present in the Matanomadh For
mation but absent in the Therria Formation are:
Dictyophyllidites, Leptolepidites, Foveosporites, Lyco
podiumsporites, Cicatricosisporites, Polypodiaceae
sporites, Dracaenoipollis, Verrutricolpites, PSilaste
phanocolpites, Striatricolporites, Meliapollis,
Triorites, Triporopollenites, Sonneratioipollenites and
Pseudonothojagidites. The palynofossils which are
present in the Therria Formation but absent in the
Matanomadh Formation are: Assamialetes
emendatus, Tricolporopollis, Foveotriletes, Monolites,
etc. In addition to this many dinoflagellate cyst
genera occurring in the Therria Formation are also
not represented in the Matanomadh assembalge. A
comparative study reveals that the palynofloral
assemblages from Therria and Matanomadh
Formation are closely comparable.

The palynological assemblage from the Naredi
and Harudi formations, Kutch (Lower-Middle
Eocene), described by Kar (1978), is also not closely
comparable to the present assemblage. Very few
elements, viz., Cyathidites, Polypodiisporites, Palm
aeopollenites, Couperipollis, Proxapertites and
Dandotiaspora are common among the Naredi,
Harudi and Therria assemblages.

Jain and Tandon (1981) described a palynologi
cal assemblage from the Middle Eocene sediments
of Kutch establishing five informal zones within it.
This assemblage is not closely comparable to the
present one as only a few elements, viz., Operculo
dinium centrocarpum, Homotryblium plectilum,
Adnatosphaeridium vittatum, Polysphaeridium
subtile and Cordosphaeridium are common to both
the assemblages.

Cambay Basin

The palynological reports from the Cambay
Basin have been published by Varma and Dangw3l
(1964), Venkatachala and Chowdhary (1977), Rawat,
Mukherjee and Venkatachala (1977), Mathur and
Chowdhary (1977) and Mathur, Juyal and Chopra
(1977). The palynofloral assemblage from the Kadi
Formation, Cambay Basin (Venkatachala &
Chowdhary, 1977) is not closely comparable to the
present assemblage. However, the following
elements are common to both the assemblages:
Lygodiumsporites, Biretisporites, Verrucatosporites,
Schizaeoisporites, Palmaepollenites, Liliacidites,
Proxapertites and Tricolpites. The palynotaxa present
in the Kadi Formation but absent in the present
assemblage are: Polypodiaceaesporites, Arecipites,
Mauriidites, Spinizonocolpites, Psilod/porites, Retitri
colpites, Margocolporites, Rhoipites, Cupulijeroipol
lenites and Marginipollis. The palynofossils present
in the Therria and Kopili assemblages but not
recorded from. the Kadi Formation are: Cyathidites,
Intrapunctisporis, Couperipollis, Assamialetes, Tricol
poropollis, Todisporites, Palmidites and Lakiapollis.
Besides, many dinoflagellate cyst genera recorded in
the present assemblage are also absent in the Kadi
Formation. Venkatachala and Chowdhary (1977)
assigned a Lower Eocene age to the Kadi Formation.

The palynological assemblage from the Kalol
Formation, Cambay Basin (Mathur & Chowdhary,
1977) is also not much comparable to the present
assemblage. The follOWing palynotaxa are common

-to both the assemblages: Lygodiumsporites,
Polypodii-sporites, Sch izaeoisporites, Osmundacidi
tes, Striatriletes (Magnastriatites), Palmaepollenites,
Retitrescolpites, Proxapertites and Liliacidites. The
palynotaxa present in the Kalol Formation but not
represented in the present assemblage are: Glei
cheniidites, Alsophilidites, Lycopodiumsporites, Bacu
latisporites, Mauritidites, Psilatricolpites, Anacolci
dites, Cupulijeroipollenites, Bombacacidites,
Rhoipites, Acanthacidites, Araliaceoipollenites,
Margocolporites, etc. Forms recorded in the preSent
assemblage but absent in the Kalol assemblage 'are :
In trap unctisporis, Todisporites, Assamialetes, Tricol
poropollis, Couperipollis, Pa1midites, Tricolpites, etc.
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Cauvery Basin

The palynological studies on the Palaeocene
Eocene sediments of the Cauvery Basin have been
carried out by Venkatachala and Rawat (1972). The
following palynotaxa are common to both the
assemblages: Lygodiumsporites, Schizaeoisporites,
Proxapertites, CouperipoUis, Palmaepol/enites,
Liliacidites, Tricolpites and Myriczpites. The
palynotaxa present in the Cauvery basin' but absent
in the present assemblage are: Laevigatosporites,
Spinainaperturites, Psilodzporites, Marginzpollis,
Palaeoc aesalpin iaceaepites, Margocolporites,
Rhoipites, Capnjolizpites, etc.

The palynotaxa occurring in the present
assemblage but absent in the Cauvery Basin
assemblage are: Cyathidites, fntrapunctisporis,
Dandotiaspora, Todisporites, Osmundacidites,
Assamialetes, Palmidites, Tricolporopollis, Lakia
pollis, etc.

Bengal Basin

Baksi (1972) carried out a detailed palynostrati
graphiC work on the Upper Mesozoic and Tertiary
succession of the Bengal Basin dividing it into seven
palynological zones.

The sediments in the Bengal Basin range from
Middle Cretaceous to Plio-Pleistocene in age. The
Zone II and Zone III are of Palaeocene to Early
Eocene and Middle to Late Eocene ages respectively.
The Zone II and Zone III have some palynofossils
which also occur in the present assemblage. These
are: Assamialetes emendatus, Palmaepollenites and
Couperipollis. A comparative study reveals that the
Bengal Basin palynoassemblage is not comparable to
the present assembalge except for the common
occurrence of a few elements.

Assam Basin

The palynological studies in the Lower Tertiary
sediments of Assam and Meghalaya have been
carried out by Biswas (1962), Baksi (1962), Sah and
Dutta (1966, 1968, 1974), Duna and Sah (1970), Sah,
Kar and Singh (1970), Salujha, Kindra and Rehman
(1972, 1974), Salujha, Rehman and Kindra (1973),
Sah and Singh (1974), Sein and Sah (1974), Singh
(1977a, 1977b), Singh and Tiwari (1979), Dutta and
Jain (1980) and Mehrotra (1981). Dutta and Sah
(1970) described a rich palynological assemblage
from the Cherra Formation, Meghalaya. It comprises
49 genera assignable to 103 species. Out of this 18
genera and 34 species belong to pteridophytes, one
genus and one species to gymnosperm and 27
genera and 68 species belong to angiosperms. The
following palynotaxa are common between the

Cherra and Therria assemblages: Cyathidites, Lygo
diumsporttes eocenicus, Foveotriletes pachyexinous,
Dandotiaspora dilata, Polypodiisporites, Monolites
mawkmaensis, Schizaeoisporites, Assamialetes
emendatus, Couperipol/is brevispinosus, C.
wodehousez~ Liliacidites microreticulatus, Palmae
pollenites communis, Proxapertites assamicus,
Tricolpites, Sciadopityspollenites, Tricolporopollis
rubra, etc.

The palynotaxa recorded in the Cherra
Formation but absent in the present assemblage are:
Stereisporites, Lycopodiumsporites, Sestrosporites,
Retzpilonapites, Polycolpites, Nyssapollenites,
Tnporopollenites, Meliapollis, Foveosporites, Micro
reticulatisporites, Foraminisporis, etc. The
palynomorphs present in the Therria Formation but
not represented in the Cherra Formation are:
fntrapunctisporis, Dandotiaspora telonata,
Todisporites, Palmidites plicatus, etc. Besides these
many dinoflagellate cyst genera recovered from the
Therria Formation are also absent in the Cherra
Formation. It is observed that the Therria and Cherra
assemblages are closely comparable. The Cherra
Formation is of Palaeocene age (Dutta & Sah, 1970).

The palynological assemblage from the Tura
Formation, Meghalaya described by Singh (1977a)
comprises 53 spore-pollen genera referable to 89
species. Out of these, 19 genera and 29 species
belong to pteridophytes and 34 genera and 69
species belong to angiosperms. The palynotaxa
common to the Tura and Therria assemblages are:
Cyathidites, Lygodiumsporites eocenicus, Foveotri
letes pachyexinous, Dandotiaspora dilata, D.
telonata, Monolites discordatus, Monolites
mawkmaensis, Assamialetes emendatus,
Couperipol/is brevispinosus,c. wodehousei, Liliaci
dites microreticulatus, Palmaepollenites communis,
Proxapertites assamicus, Liliacidites major, L.
giganticus, Palmidites maxim us, etc. The palynotaxa
occurring in the Tura Formation but absent in the
Therria Formation are: Stereisporites, Lycopodium
sporites, Retzpilonapites, Polycolpites, Nyssapollenites,
Tnporopollenites, Triorites, Meliap 0 llis, Droseridites,
Pseudonothojagidites, etc. The palynomorphs
present in the Therria Formation but absent in the
Tura Formation are: fntrapunctisporis, Sciadopity
spollenites, Tricolpites alveolatus, Retisyncolporites,
Tricolporopollis rubra, etc. It is apparent from the
above mentioned comparative study that the Tura
and Therria assemblages are closely comparable. Sah
and Singh (1974) assigned a Palaeocene age to the
lower part of the Tura Formation.

Duna and Jain (1980) recorded a rich dinofla
gellate cyst assemblage from the Upper Palaeocene
Upper Eocene sediments of the Jaintia Hills,
Meghalaya. The forms common to both the assemb
lages are as follows: Turbiosphaera, Cordosphaeri-
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dium exilimurllm, C. mlillispinosum, Operculodi
nium cenlrocalplIm, O. major, Homolryblium
pleclilum, Apeclodinium homomorphum and A.
parvum. The dinoflagellate cysts occurring in the
assemblage described by Dutra and Jain (1980) but
absent in the present assemblage are: Thalassiphora
Dislalodinium, Samlandia, Araneosphaera,
Hyslrichokolpoma, Spinijel-iles and Claphyrocysla.
The dinoflagellate cysts occurring in the present
assemblage but absent in the assemblage described
by DUlla and Jain (1980) are: Conyaulacysla,
Apleodinium, Prolixosphaeridium, Polysphaeridium,
Adnalosphaeridium and Codoniella. A comparative
study shows that the two assemblages are closely
comparable.

Dandot (Pakistan)

Vimal (1952) described a palynological
assemblage from Dandot Lignite, Pakistan
comprising 29 spore/pollen types assignable to 10
genera. The forms appearing to be common between
the two assemblages are: Dandoliaspora dilala
(=Trililes spm. 6), Dandoliaspora lelonala (=Trililes
spm. 6) and Lygodiumsporiles eocenicus (= Trililes
spm. 4). The common occurrence of these forms
favours the dating of Dandot Formation as Palaeo
cene.

Australia and New Zealand

The Lower Tertiary palynological assemblage of
New Zealand (Couper, 1953, 1958) and Australia
(Cookson, 1946, 1947; Cookson & Pike, 1954) are
dominated by the pollen grains of NOlhojagus, Cupe
nidiles, Podocalpus, etc. These forms are absent in
the present assemblage. However, some pollen
grains, viz., Palmidiles maximus, Cyalhidites
australis, Tricolpiles alveolalus, Couperipollis and
Liliacidiles are common between the New Zealand
and Therria assemblages. Wilson (1967) described
Apectodinium (Wetzeliella) from the Palaeocene
Eocene strata of New Zealand. This form has also
been recorded in the Therria assemblage. The
Australian Palaeocene- Eocene dinoflagellate cyst
assemblages are dominated by Apeclodinium
(Wetzeliella) and Dejlandrea. The genus
Dejlandrea is not present in the present assemblage.

A world wide palynofloral comparison of the
Palaeocene- Eocene assemt-alges reveals that the
present assemblage is partially comparable to the
palynoflora of south-east Asian countries, Austrialia,
New Zealand and western European countries. The
dinoflagellate cyst assemblage is strikingly similar to
the one described from the London Clay (Eocene) of
Britain.

QUANTITATIVE ANALYSIS OF THE
PALYNOFLORA

The percentage frequency of various palynotaxa
has been determined by counting 200 palynofossils
per sample but in some cases where the yield was
poor 150 palynofossils were counted. Out of 59
genera and 92 species, 26 genera assignable to 48
species were found to be stratigraphically
significant.

The quantitative analysis of the palynoflora I
assemblage reveals that the lower part of the Therria
Formation is dominated by the pteridophytic spores,
particularly the genus Lygodiumsporiles. The middle
part of the Therria Formation is characterized by the
predominance of angiospermic pollen grains,
whereas its upper part is richly dominated by the
dinoflagellate cysts. The Sylhet limestOne has
yielded very few palynofossils, hence, it has not
been possible to observe any palynofloral change
wllhin this formation.

In the Kopili Formation the lower part is
dominated by the dinoflagellate cysts while the
upper part is characterized by the high frequency of
pteridophytic spores. The genus Slrialrileles is
characteristically associated with this Formation.

On the basis of qualitative and quantitative
analyses of the palynoflora recovered from the
Palaeocene- Eocene sediments exposed along the
road between Jowai and Sonapur, Meghalaya,
Tripathi and Singh (1984b) established five
palynozones which are given below in ascending
order of stratigraphy (Text-fig. 1).

KaPIL! FORMATION:

5. Densiverrupolleniles eocenicus Cenozone Tripathi
& Singh (1984b)

4. Turbiosphaera proximala Cenozone Tripathi &
Singh (1984b)

THERRIA FORMATION:

3. Apectodinium homomorphum Cenozone Tripathi
& Singh (1984b)

2. Palmidiles oblusus Cenozone Tripathi & Singh
(1984b)
Lygodiumsporiles psilailis Cenozone Tripathi &
Singh (1984b)

PALAEOECOLOGY, PALAEOGEOGRAPHY AND
ENVIRONMENT OF DEPOSITION

The palynological assemblage recovered from
the Palaeocene- Eocene sediments, exposed along
the road between Jowai and Sonapur, Meghalaya is
represented by many pteridophytic and
angiospermic families which are presently restricted
to the tropical to subtropical regions of the world.



SINGFI & TRIPATHI-PALYNOLOGY OF THE JAINTIA GROUP 309

( PALAEOCENE - EOCENE)

.···.....•·...·\III)/!::I'!:I••·.·1 /!:I \?It!:
t. '<::J::.J: :.:.~> 1::':«'1

>r.,: >< > I

GROUP

FORMATION

CYATHIDITES AUSTRALIS

LEGEND

o SANDSTONE

~ SHALE

:;i..: LITHOLOGY I ~ LIMESTONE
I.· _ COAL

iu ______
I
I
I
I

KOPILISYLHET

"'I::!II"iIi:;
t:

JAINTIA

THERRIA....

INTRAPUNCTISPORIS DENSIPUNCTIS, FIG. 7
LYGODIUMSPORITES MARGINIPLICATUS, FIG 8
LYGODIUMSPORITES PSILATUS ,FIG.1S
COUPERIPOLLIS WODEHOUSEI ,FIG. 23
L1L1ACIDITES MICRORETICULATUS FIG. 21
LADAKHIPOLLENITES ELONGATUS
CORDOSPHAERIDIUM VALIANTUM
LYGODIUMSPORITES MEGHALAYAENSIS,FIG. S
LYGODIUMSPORITES KHLlEHRIATENSIS,FIG 9
COLLOSPERMUMPOLLIS lAEVIGATUS. FIG.13
PROXAPERTITES ASSAMICUS, FIG.11
L1L1ACIDITES MAJOR
PALMAEPOLLENITES COMMUNIS
COUPERIPOLLIS BREVISPINOSUS
L1L1ACIDITES GIGANTICUS
COUPERIPOLLIS MEGHALAYAENSIS. FIG. 1
ASSAMIALETES EMENDATUS, FIG. 18
LYGCDIUMSPORITES EOCENICUS, FIG.19
DANDOTIASPORA DILATA. FIG.17
PALMIDITES MAXIMUS
PALMIDITES OBTUSUS, FIG. 4
APECTODINIUM HOMOMORPHUM. FIG. 22
APECTODINIUM PARVUM, FIG. 3
HOMOTRYBLIUM OCEANICUM
OPERCULODINIUM ISRAELIANUM
TRICOLPITES ALVEOLATUS
OPERCULODI NIUM MAJOR
OPERCULODINIUM CENTROCARPUM
TODISPORITES MAJOR
DANDOTIASPORA TELONATA, FIG. 6
TRICOLPOROPOLLIS RUBRA
ADNATOSPHAERIDIUM ROBUSTUM
POLYSPHAERIDIUM SUBTILE
HOMOTRYBLIUM TENUISPINOSUM
CODONIELLA LANGPARENSIS
ADNATOSPHAERIDIUM VITTATUM
CORDOSPHAERIDIUM MULTISPINOSUM

TURBIOSPHAERA FILOSA
TURBIOSPHAERA PROXIMATA. FIG 20
POLYSPHAERIDIUM GIGANTEUM
S TRIATRILETES SUSANNAE. FIG. , 2
LAKIAPOLLIS ASSAMICUS, FIG. 2
HOMOTRYBLIUM PLECTILUM

~'UUl'
ZUl'U<
oj=oGl

~~~~
Z C rrJC
rTlUlUl~

I

STRIATRILfTES ATTENUATUS, FIG. 14
STRIATRILETES PSEUDOCOSTATUS, FIG. 16
DENSIVERRU POLLENITES EOCENICUS,FIG 10

~ -I UloJ> C 'U
o 'U o~'U O'U::O rrJ
rrJoJ> rrJorrJ ",;;olD Q
ZlD'; z.,.o z06 ",
o-l:=: 0""-1 OXUl Ul
NCO NOO N~'U
oUl- 0::00 0 :x:
Z~~ Z~z Z~J>
rrJ Ul rrJ cc rrJJ>rrJ

~ ~ ~

<.
~

~

~,

,C:<t/:,,'
·i~\:'-....:.............,.....~~.
~~"

Te:\."!·figure I-Palynological zonation of the Palaeocene-Eocene strata Oawai·Sonapur), Meghalaya (Litholog nor to the scale).



310 THE PALAEOBOTANIST

f'hese families are: Lycopodiaceae, Polypodiaceae,
.)chizaeaceae, Cyatheaceae, Parkeriaceae, Palmae,
Liliaceae, Nymphaeaceae, Nelumboniaceae,
Oleaceae and Myricaceae. Besides, other families
represented in the assemblage are cosmopolitan in
the present day distribution.

Lakhanpal (1970), on the basis of the
palaeobotanical evidences, envisaged that the
Palaeogene flora in the Indian Subcontinent was
predominantly tropical. The fact that tropical to
subtropical vegetation was existing in the nearby
areas of Assam and Meghalaya has been confirmed
by the palynological studies (Duna & Sah, 1970; Sah
& Singh, 1974; Singh, 1977a, b). The present
palynological evidences also indicate that the area in
the vicinity of Meghalaya was supported by a tropical
to subtropical flora

The climate during the deposition of the
investigated Palaeocene-Eocene sediments of
Meghalaya was warm and humid. This view is
supported by the presence of many fungal remains
in the palynological assemblage recovered from this
area. Amongst fungal remains the frUiting bodies like
Callimothallus, Phragmothyrites and Paramicrothal
lites, belonging to the epiphyllous fungi, are very
common. The frequent occurrence of these fruiting
bodies suggests that a warm and humid climate
prevailing during that period supported a vegetation
favourable for the growth of the epiphyllous fungi. A
similar palaeoclimate has been deduced for the
Cherra (Duna & Sah, 1970) and Tura formations (Sah
& Singh, 1974).

As mentioned earlier the Tertiary sediments in
the area of investigation rest unconformably over the
Precambrian Shillong Group. This indicates that the
area remained a high ground during the Palaeozoic
and Mesozoic times but finally got submerged into
the water by the close of the Mesozoic Era paving a
way for the deposition of Tertiary sediments.

Singh (1977b) mentioned that the Garo, Khasi,
]aintia and Mikir Hills, comprising the Assam
autochthon, were initially a north-easterly extension
of the Peninsular India and they got detached from
the mainland sometimes during the Cretaceous
Period. The break up of the Gondwanaland during
that time upset the isostatic balance of the region
causing varieus earth movements. The Dauki Tear
Fault, which crosses the ]owai-Badarpur Road near
Sonapur, appears to be attributed to one of these
movements. These earth movements also seem to be
responsible for the subsidence of the southern
slopes of the Garo, Khasi and ]aintia Hills (Singh,
1977b).

It appears that the gradual sinking of the
southern slope of the ]aintia Hills, Meghalaya was
probably associated with the rise of the Shillong
Plateau. This caused the invasion of the sea in the

southern part of the ]aintia Hills. Simultaneously the
area started withdrawing from the Shillong Plateau
(Singh, 1977b). The continued subsidence of the
southern slope of the Shillong Plateau is indicated
by the huge thickness of the strata exhibited by the
Sylhet Limestone and Kopili formations. The
transgression of the sea in this area is evidenced by
the presence of dinoflagellate cysts in these
sediments. The Palaeocene-Eocene sediments
exposed along the road berween ]owai and Sonapur,
Meghalaya appear to have been deposited under the
brackish water to shallow marine environments.

The oldest sediments of the Therria Formation,
represented by the Lygodiumsporites psilatus
Cenozone, is characterized by the dominance of the
pteridophytic spores (47%) and angiospermic pollen
grains (38%). The dinoflagellate cysts are
represented by 7 per cent of the total assemblage of
the cenozone. The Palmidites obtusus Cenozone of
the Therria Formation is dominated by the
angiospermic pollen grains (47%) and pteridophytic
spores (24%). The dinoflagellate cysts are
represented by 25 per cent of the total cenozone
assemblage. The youngest palynological zone of the
Therria Formation, viz., Apectodinium
homomorphum Cenozone is dominated by the
dinoflagellate cysts (78%). Here the angiospermic
pollen grains and the pteridophytic spores are
represented by 17 per cent and 4 per cent
respectively.

Therefore, it is clear that the older sediments of
the Therria Formation exhibit comparatively low
percentage frequency of the dinoflagellate cysts
while, its younger sediments are characterized by a
very rich representation of the dinoflagellate cysts.
This perceptible change in the palynological
spectrum of the Therria Formation indicates that the
sediments representing the Lygodiumsporites
psilatus and Palmidites obtusus cenozones were
deposited under the brackish water estuarine
conditions, whereas the sediments representing the
Apectodinium homomorphum Cenozone were
deposited under shallow marine conditions.

In the Kopili Formation the older Turbiosphaera
proximata Cenozone is characterized by the
dominance of the dinoflagellate cyst assemblage
(44%). The pteridophytic spores and angiospermic
pollen grains are collectively represented by 16 per
cent of the total assemblage. The youngest
palynozones of the Kopili Formation, viz.,
Densiverrupollenites eocenicus Cenozone exhibits
the dominance of the pteridophytic spores (40%)
and angiospermic pollen grains (7%) over the
dinoflagellate cysts (10%).

The palynological spectrum of the Kopili
Formation indicates that the sediments representing
the Turbiosphaera proximata Cenozone were
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deposited under shallow marine conditions, while
the sediments representing- the Densiverrupollenites
eocenicus Cenozone were deposited under brackish
water estuarine conditions. The Kopili Formation
sediments appear to have been deposited under the
shallow sea which was subjected to frequent
oscillations. This view is supported by the alternate
deposition of the shales and sandstones in this
formation (Dutta & Jain, 1980).

Coastal conditions prevailing during the time of
deposition of the investigated Palaeocene-Eocene
sediments is proved by the rich representation of the
pollen grains resembling those of the family Palmae.
These pollen grains are: Palmidites maximus, P.
obtusus, P. plicatus, Palmaepollenites communis,
Coupenpollis brevispinosus, C. meghalayaensis, C.
wodehousei and C. rarispinosus. The fresh water
elements represented in the palynoassemblage, viz.,
Proxapertites assamicus and Assamialetes emendatus
appear to have been transported to the near-shore
areas through the fresh water channels which might
have had connections with the sea then. The coastal
vegetation seems to have been followed by the
swamp vegetation. The presence of swamp
vegetation is supported by the pollen grains of the
family Chenopodiaceae, viz., Polyporina sp.

AGE OF THE THERRIA FORMATION

The earlier workers like Oldham (1863),
Medlicott (1869), La Touche (1887), Medlicott and
Blanford (1893), and Pinfold (1919) assigned a
Cretaceous age to the Tura Formation (= Therria and
Cherra formations). Evans (1932), while dealing
with lithostratigraphy of Tertiary sediments in Assam
assigned a Lutetian (Middle-Eocene) age to most of
the Jaintia Group sediments. The basal sedimems of
this group are represented by Therria Formation. Fox
(1936) also expressed the view that the Tura
Formation (= Therria Formation) may belong to the
Lower Tertiary age. The Tertiary age for these
sediments was later confirmed by Jacob (1949) and
Pascoe (1963), Sah and Dutra (1966,1968) and Dutta
and Sah (1970).

Langpar Formation, which represents lowermost
Tertiary sediments in Assam Basin, is overlain by a
coal measure sequence. This sequence has been
named as Therria Formation along the
Umshoryngkew River, Cherra Formation in
Cherrapunji Plateau, Tura Formation in Garo Hills
and Mikir Formation in Mikir Hills. Dutta and Sah
(1970) and Sah and Dutta (1974) recovered a rich
palynological assemblage from Cherra Formation
and proposed Palaeocene age for it. The Palaeocene
age for this formation was indicated by these authors
on the basis of the follOWing evidences.

1. Cherra Formation is disconformably underlain by
Langpar Formation which is supposed to be Danian
in age. It shows the presence of foraminifera like
Globigerina pseudobulloides and Globigerina trilo
culinoides, etc. These forms are characteristic of the
Danian age.
2. Cherra Formation is conformably overlain by the
Lakadong Limestone Member of the Sylhet
Limestone. This member has yielded typical Ranikot
(Lower Eocene) fossils like Nummulites thalicus, N.
sindensis, Lockhartia hamei, Miscellania miscella, M.
meandrina, Operculina cf. canalifera, Alveolina sp.,
Orbitospiphon tibetica and Discocyclina
ranikotensis.

Therefore, the Cherra Formation between the
underlying Langpar Formation (Danian) and
overlying Lakadong Limestone Member (Lower
Eocene) was dated by Dutra and Sah (1970) as
Palaeocene. The palynofossils common to the
Therria Formation and Cherra Formation are:
Cyathidites australis, Lygodiumsporites eocenicus,
Corrugatisporites, Foveotriletes pachyexinous,
Monolites mawkmaensis, Polypodiisporites
mawkmaensis, Schizaeoisporites, Sciadopityspolleni
tes, Assamialetes emendatus, Trifossapollenites
constatus, Couperipollis (Monosulcites) brevispino
sus, C. (monosulcites) rarispinosus, Liliacidites
microreticulatus, Proxapertites (Schizosporis)
assamicus, Retitrescolpites, Myricipites and Formation,
Polyporina.

It is apparent from comparisons of the palyno
floras of Therria and Cherra formations that many
spore and pollen genera are common between the
two. Hence, it is logical to assume that both these
formations are time eqUivalents. Therefore, on the
basis of the palynological similarities between the
Cherra and Therria formations, Palaeocene age has
been assigned to the Therria Formation.

Palaeocene dating of Therria Formation is
further supported by the fact that, its YOungest
palynozone, viz., Apectodinium homomorphum
Cenozone is characterized by the presence of
Apectodinium homomorphum and A. parvum. These
forms are considered to be characteristic of Upper
Palaeocene age (Harland, 1979). The presence of
these palynofossils in various Upper Palaeocene
sediments has been reported by Cookson (1967),
Wilson (1967) and Chateauneuf and Gruas-Cavag
netto (1978).

Sah and Singh (1974) correlated three lower
palynozones of Tura Formation, viz., Assamialetes
emendatus Cenozone, Dandotiaspora telonata
Cenozone and Palmidites plicatus Cenozone with
the three palynozones of Cherra Formation, viz.,
Proxapertites erassimurus Cenozone, Araliaceoi
pollenites reticulatus Cenozone and Tricolpites
reticulatus Cenozone respectively and assigned a
Palaeocene age to these Tura sediments.
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AGE OF KOPILI FORMATION

As mentioned earlier no detailed palynostrati·
graphical work has been carried out on the KopiJi
Formation, Meghalaya, on the basis of which any
precise date could be given to this formation.
Samanta (1968) on the basis of presence of small
foraminifera Jike Pellatispira and absence of
characteristic Middle Eocene forms like Assilina,
Alveolina, Dictyoconoides and Lockhartia confirmed
an Upper Eocene age for this formation. Sein and
Sah (1974) and Dutra and Jain (1980) did not assign
any age to Kopili Formation. Their palynological
assemblages lack any Upper Eocene stratigraphical
marker. The present Kopili assemblage also lacks
any Upper Eocene marker form. Archangelsky (1969)
described Turbiosphaera from the Rio·Turbio
(Lower Eocene'Upper Eocene) of Santa Cruz
Province, Argentina. This form has also been
recovered from Lower palynological zone of Kopili
Formation, viz., Turbiosphaera proximata Cenozone
Therefore, occurrence of Turbiosphaera in Kopili
Formation may prove helpful in its dating at a later
date by carrying Out detailed study of this genus up
to the specific level. However, Kopili Formation is
dated as Eocene on palaeontological eVidences.
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Fossil wood of Xanthophyllum from the Cuddalore
Sandstone near Pondicherry

Nilamber Awasthi

Awasthi, Nilamber (1987). Fossil wood of Xanthophyllum from the Cuddalore Sandstone near Pondicherry.
Palaeobotanist 35(3) .314-317.

A fossil dicOl wood from the Cuddalore sandstones exposed at Murattandichawadi near Pondicherry has been
described. In all its analOmical features the fossil shows resemblance with the woods of the genus Xanthopbyllum
of Polygalaceae and hence named as Xanthophyllum cuddalorense sp. nov.

Key-words-Xylotomy, Xanthophyllum, Polygalaceae, Cuddalore SandslOne, Mio-Pliocene (India)

Ni/amber Awasthi, 8irbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226007, India.
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THE Cuddalore Sandstone exposed around the
village Muranandlchawadi about 8 km north-west of
Pondicherry is well known for rich deposits of
petrified angiospermous and gymnospermous
woods. The. woods studied so far belong to
Podocarpaceae, Palmae and nearly 15 tropical dico
tyledonous families. They have been reviewed by
Awasthi (1974), who subsequently described more
dicotyledonous woods from the same area (Awasthi,
1975a, 1975b, 1977a, 1977b, 1979, 1980, 1981a,
1981b; Awasthi et at., 1982). Some of them are
phyrogeographically significant as their modern
counterparts presently occur in the evergreen forests
of Malaya, Java, Sumatra and neighbouring Islands.
The wood of Xanthophyllum being described here is
the first authentic report of the occurrence of Poly
galaceae' in India in the geological past.

DESCRIPTION

Genus-Xantbopbyllum Roxb.

Xanthophyllum cuddalorense sp. nov.
PI. 1, figs 1-5

Wood diffuse-porous. Growth rings not seen.
Vessels small to medium, t.d. 100-180 ,urn, r.d. 120
280 ,urn, typically solitary, very rarely in radial
multiples of two, circular to oval, mostly oval due to
lateral compression before fossilization, irre-gularly
distributed, sometimes crowded at places (PI. 1, fig.
1) as well as very few (PI. 1, fig. 2), about 2-10
vessels per sq mm; perforations simple, transverse to
slightly oblique; vessel-members about 250-750 ,urn
in height; intervessel pits not well-preserved,
seemingly small; tylosis-like structure occasionally
seen in some vessels. Parenchyma paratracheal and
apotracheal, paratracheal parenchyma usually scanty
and limited to a few cells around vessels forming
narrow or incomplete sheath (PI. 1, fig. 3);
apotracheal parenchyma diffuse or continuous or
broken 1-2 seriate lines, irregularly and closely
placed (PI. 1, figs 2, 3), about 1O-1? lines per mm;
strands up to 8 cells; cells bigger than the usual size,
oval radially, about 40 ,urn in diameter. Rays fine, 1-2
seriate, about 12-18 per mm in cross-section, 6-40
cells in height, heterogeneous, consisting of
procumbent cells in the middle portion and one to
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several uniseriate marginal rows of upright or square
cells at both the ends, end to end fusion common;
upright cells 20-48 pm in tangential height and 40
100 pm in radial length; crystals present. Fibres
aligned in radial rows, 12-32 pm in diameter, thick
walled, walls 4-6 pm in thickness, nonseptate, pits
not satisfactorily preserved, rarely seen, small,
bordered, about 4 pm in diameter.

AFFINITIES

In having the important as well as characteristic
features, such as mediur:n to large-sized solitary
vessels, vasicentric and c1o~ely placed 1-2 seriate
apotracheal parenchyma lines, 1-2 seriate heterocel
lular xylem rays and nonseptate thick-walled fibres
with small bordered pits-the fossil wood is
comparable with the woods of Xanthophyllum of the
family Polygalaceae. According to Metcalfe and Chalk
(1950, p. 135) Xanthophyllum is the only genus of
Polygalaceae which is characterised by apotracheal
parenchyma occurring as 1-2 seriate and closely
spaced continuous or broken lines in addition to
scanty paratracheal ones. This further confirms the
identification of the fossil wood as Xanthophyllum.
Amongst the various species of Xanthophyllum thin
sections of the woods of Xanthophyllum glaucum, X.
andamanicum, X. jlavescens, X. gnfjithii, X. virense
and x. affini were critically examined for identifi
cation of the fossil up to specific level. It was
observed that the fossil resembles all these species
in gross features. However, the nature and distribu
tion of vessels, amount and distribution of paren
chyma and width and height of rays show that the
fossil wood appears to be closer to Xanthophyllum
jlavescens, though the frequency of vessels in the
former is relatively more than in the latter.

Regarding the nomenclature of fossil wood the
recommendation of Lakhanpal and Prakash (1980)
has been followed. Accordingly the fossil wood is
assigned the modern generic name Xantho-phyllum.
As pointed out above, the fossil wood slightly differs
from Xanthophyllum jlavescens in size and

PLATE 1

Xanthophyllum cuddalorense sp. nov.

1. Cross section showing nature and distribution of vessels and
parenchyma. x 47. Slide no. BSl? 35854-1.

2. Another cross section showing uneven distribution of vessels.
x 45. Slide no. BSI? 35854·11.

3. Cross section magnified to show the vessels and diffuse paren-

frequency of vessels, hence a new specific name
Xanthophyllum cuddalorense is given to it. The
specific name indicates its occurrence in the
Cuddalore Sandstone.

Holotype-Specimen no. BSIP 35854; Murattan
dichavadi near Pondicherry; Cuddalore Sandstone;
Miocene- PI iocene.

DISCUSSION

The genus Xanthophyllum Roxb. consists of
about nO species distributed in the Indo-Malayan
region (Willis, 1973, p. 1229). Xanthophyllum jlave
scens seemingly the nearest living counterpart of the
fossil, is found in the evergreen forest of Western
Ghats, Burma and elsewhere in the Malayan region.
In the Western Ghats, India, it occurs in the
evergreen forest of the Nilgiris southwards up to
1300 m. In the high level evergreen forest of Palghat
(Kerala) it is found in association with Myristica
launjolia, Hydnocarpus laurijolius, H. alpina,
Euphoria longana, Lansium anamalayanum,
Garcinia spicata, Elaeocarpus serratus, Epiprinus
mallotijormis. , Gomphandra polymorpha, Gordonia
obtusa, Syzygium sp., Baccaurea courtallensis,
Glochidion malabaricum, Canthium diococcum,
Scolopia crenata, Nothopodytes joetida,
Actinodaphne hookeri, etc. (Champion & Seth, 1968,
p. 67).

A large number of taxa, most of which are the
important elements ,of the evergreen to semi-ever
green forests, viz., Anisoptera, Dryobalanops, Dipter
ocarpus, Shorea, Hopea, Sterculia, Gluta, Manglfera,
Calophyllum, Mesua, Euphoria, Ajzelia, Cassia,
Cynometra, Sindora, Duabanga, Sonneratia, Bar
ringtonia, Chrysophyllum and Diospyros are already
known from the Cuddalore sandstones near
Pondicherry (Awasthi, 1974, 1977a, 1977b, 1979,
1980, 1981a, 1981b; Awasthi et al., 1982).
Occurrence of Xanthophyllum too in the same
deposits further indicates prevalence of excessive
humid conditions in this region during the Miocene
Pliocene.

chyma. x 112. Slide no. BSI? 35854-11.
4. Tangential longitudinal section showing rays. x 112. Slide no.

BSI? 35854-111.
5. Radial longitudinal section showing heterocellular rays. x 112.

Slide no. BSI? 35854-IV.



AWASTHI-FOSSIL WOOD OF XANTHOPHYLLUM 317

~

wi

ACKNOWLEDGEMENTS

The author is grateful to the authorities of the
Forest Research Institute, Dehradun for permission
to consult the xylarium.

REFERENCES

Awasthi, N. 1974 Neogene angiospermous woods, pp. 341·358 in
Surange, K. R., Lakhanpal, R. N. & Bharadwaj, D. C (eds)
Aspects & Appraisal oj Indian Palaeohotany. Birbal Sahni
Institute of Palaeobotany. Lucknow

Awasthi, N. 1975a. Milleltioxylon indic/lJ1l AW3Sthi. a fossil"wood
of Leguminosae from the Cuddalore Series of South India.
PalaeohotaniSI 22(1) : 47 50

Awasthi, N. 1975b. Revision of some dicotyledonous woods from
the Terriary of South India. Palaeoholanist 220) : 186-191.

Awasthi, N. 1977a. On two new fossil woods resembling Chryso
phyl/um and Holoptelea from the Cuddalore Series near
Pondicherry. Palaeohotanist 24( 1) : 21-25

Awasthi, N. 1977b. Revision of Hopeoxylon indicum Navale and
Shoreoxylon speciosum Navale from the Cuddalore Series
near Pondicherry. Palaeohotanist 24(2) : 157-166.

Awasthi, N. 1979. Three new leguminous woods from the Cudda
lore Series near Pondicherry Palaeohotanist 26(2) 157·166.

Awasthi, N. 1980. Two new Dipterocarpaceous woods from the
Cuddalore Series near Pondicherry. Palaeohotanisl 260) :
248-256

Awasthi, N. 1981a Fossil woods belonging to Sterculiaceae and
Lythraceae from the Cuddalore Series nea,r Pondicherry.
Palaeohotanist 27(2) : 182-189.

Awasthi, N. 1981b. Re·investigation of Sapindoxylon indicum
Navale from the Cuddalore Series near Pondicherry Palaeo·
hotanist 27(2) : 161·165.

Awasthi, N., Guleria, J. S. & Lakhanpal, R N. 1982. Two new fossil
woods of Sapindaceae from the Terriarv of India Palaeo·
hotanist 30(1) : 12·21

Champion, H. G. & Seth, S. K 1968. A Revised Survey oj the Forest
Types oj India. Delhi.

Lakhanpal, R. N. & Prakash, U. 1980 Suggestions regarding the
nomenclature of fossil dicotyledonous woods; in symposium
on Modern Trends in Plant Taxonomy (ed. P. K. K. Nair)
Glimpses in Plant Research 5 : 199·208.

Metcalfe, C R. & Chalk, L. 1950. Anatomy oj the Dicotyledons.
1 : Clarendon Press, Oxford.

Willis, J. C '1973_ A Dictionary oj Ihe Flowering Planls & Fen,.,
Cambridge.



The Palaeobotanist 35(3) : 318-330, 1986.

Palynology of Kamthi Formation
Mantheni Area, Godavari Graben,

from Ramagundam
Andhra Pradesh, India

D. C. Bharadwaj: Suresh C. SrivaStava, B. V. Ramanamurty** & Neerja ]ha

Bharadwaj, D. C, Srivastava, Suresh C, Ramanamurty, B. V. & Jha, Neerja (1987). Palynology of Kamthi
Formation from Ramagundam-Manlheni Area, Godavari Graben. Palaeobotanist 35(3) : 318-330.

Palynological study of the Kamthi Formation from the Ramagundam-Manlheni area of Godavari Graben reveals
that the palynoflora of Kamthi Formation is uniformly dominated by striate-disaccate (about 50%) and the
subdominant groups differ. Thus Lower Member of the Kamthi Formation is characterised by the subdominance of
nonstriate-disaccates 'while Middle Member is characterised by the subdominance of Striasulcites in the older part
and Densipol/enites in the younger part. The palynoflora is by and large comparable with the Raniganj palynoflora
of Damodar Valley except a few differences. The palynoflora in the upper part of the cored Middle Member of
Kamthi Formation exhibits close proximiry towards Permian-Triassic (Panchet) transition. Obviously, only the
Lower and partly Middle members of the Kamthi Formation are homotaxial with Raniganj Formation of Damodar
Basin.
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LOWER Gondwana sediments representing Talchir,
Barakar, Barren Measures and Kamthi formations are
well developed in- Godavari Graben (16' 38' & 19'
32'; Longitude 79' 12' & 81' 39'; Map 1). Amongst
these the, Kamthi Formation has the maximum
thickness. The rocks of Kamthi Formation are
exposed extensively in Wardha-Gooavari Valley in
Maharashtra and Andhra Pradesh. However, the name
Kamthi was given by Blanford, W. T. (1868) to these
distinctive rocks after the erstwhile military station
of Kamthi (20' 10' : 79' 15') close to Nagpur. The

entire Gondwana sediments in Godavari Valley
overlying the Barakar Formation and underlying the
Maler! Formation were previously included within
the Kamthi Formation by King (1881). But Sengupta
(1970) for the first time identified Iron Stone Shale
in Bheemaram area. Recently, Ramanamufty (1979)
has reported the occurrence of 400 m thick
sediments as Barren Measures Formation in
Ramagundam area on the basis of lithological
characteristics. Hence, the rocks overlying the Barren
Measures Formation and underlying the Maleri

318
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Formation are referred to here as Kamthi Formation.
The palynoflora of the Kamthi Formation has

been hitherto unknown except a brief mention of
few genera of pteridophytic spores and disaccate
pollen by' Ramanamurty (1979). Recently,
occurrence of megaspores in the Kamthi Formation
has been reported by]ha and Srivastava (1984) from
Ramagundam-Mantheni and Chelpur areas of
Godavari Graben.. In the present paper the
palyno!;tratigraphy of the Kamthi Formation has been
given in detail.

GEOLOGY

with bands of ferruginous sandstone and brick red
bands of pebbles or conglomerate and have
innumerable clasts of white, violet and yellow shales
as well. Hard and compact violet claystone is
associated with this member. The Kamthi Formation
is succeeded by Upper Gondwana sediments
progressively represented by the Maleri, Kota and
Chikiala beds consisting of sandstones, intercala
tions of red and white clays, fine-grained grey sand
stones and thin limestone beds.

Chikiala beds
KOla Formation
Maleri Formation

The oldest rocks in the area are the Archeans
which are overlain by unfossiliferous Pakhal
Limestone and shales and Sullavai Sandstone. Based
on subsurface data, the stratigraphy and lithology of
Lower Gondwana sediments of Ramagundam area
(Ramanamurty, 1979) are as follows:

Barren Measures Formation Gradational contact.

Upper Coarse·grained sandstone with
bands of ferruginous sandstone and
brick red siltstone

Alternation of medium-grained grey
white sandstone and shale, variega
ted clay, devoid of coal. Sandstone
exhibit greenish tint at places

Lower Medium-grained greyish white cal
careous sandstone and few coal
seams

MiddleKamthi
Formation

Predominantly fine to medium-grained sand
stone with subordinate shales and few shaly
coal seams.

UTI-IOLOGYFORMATION

Kamthi

.;

Gradational ContaCi

Barren Measures Predominantly medium to coarse-grained.
greenish grey and greyish white felspathic
sandstones with subordinate shales and clays.

Barakar

Talchir

Gradational ComaCi

Predominantly medium to gritry greyish white
sandstones with shales and well developed
coal seams

Gradational coma.:t

Fine-grained greenish to greenish grey sand
and siltstones and clays with few pebble beds

Lithology of Kamthi Formation

MATERIAL AND METHOD

The material has been obtained from bore-hole
GGK-20 and GGK-27 in Ramagundam-Mantheni area
of Godavari Graben. About 40 samples from these
bore-holes representing Lower and Middle members
of the Kamthi Formation were macerated. The
samples containing silica were first treated with
hydrochloric acid and hydrofluoric acid followed by
nitric acid and KOH, if necessary. The samples have
yielded a rich palynoflora. The details of the samples
have been given in Tables 1 and 2. Location of the
bore-holes has been shown in Map 2.

In the type area the rocks of Kamthi Formation
consist of conglomerates of pebbles, grits, sandstone
and shales. A typical member of the group is the
fine, massive and homogeneous mudstone, yellow
when fresh but becoming red on exposure. This
member passes into red shales. Kamthi Formation of
Godavari Graben (Map 2) has been subdivided into
three units (Sengupta, 1970). The Lower Member
consists of greyish white, calcareous sandstone and a
few coal seams (Ramanamurty, 1979). The Middle
Member consists of alternating sequence of medium
grained grey-white sandstone and shale/variegated
clays. The sandstone and shales exhibit a greenish
tint at places. This member is remarkably devoid of
any coaly horizon. The shales are characterised by
nodules and concretions of calcareous material. The
Upper Member -comprises coarse-grained sandstone

OBSERVATIONS

The sediments of Kamthi Formation have been
studied from the subsurface of Ramagundam area
where it attains maximum thickness in Godavari
Graben. The sporae dispersae have been assigned to
follOWing 53 genera:

Laevigate trilete- Callu mispora.
Apiculate trilete-Lophotriletes, Horriditriletes,

Osmundacidites, Verrucosisporites, Microbaculis
pora, Brevitriletes.

Cingulate/Zonate tri lete- Gondisporites, Lundbladi-
spora

Monolete-Laevigatosporites, Polypodiidites
Alete monosaccate-Densipollenites
Radial monosaccate-Parasaccites, Virkkipollenites,
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Map 1-Location map of Pranhita·Godavari Valley coalfields.

Caheniasaccites, Potonieisporites, Striomonosac
cites

Nonstriate·disaccate-Platysaccus, Alisporites, Vitrei
sporites, Falcisporites, Vesicaspora, Paravesica
spora, Aurangapollenites, Ibisporites, Scheuringi
pollenites, Cuneatisporites

Reticuloid disaccate-Primuspollenites, Schizopollis
Striate·disaccate-Striatites, Circumstriatites, Lahiri

tes, Faunipollenites, Striatopodocarpites, Crescenti
pollenites, Verticipollenites, Hindipollenites, Dis·
triatitei, Strotersporites

Taeniate disaccate-Lunatisporites, Corisaccites,
Guttulapollenites, Hamiapollenites

Colpate- Weylandites, Striasulcites, Marsupipolle
nites, Praecolpatites, Pretricolpipollenites, Distria·
monocolpites

AJete-Leiosphaeridia, Pilasporites, Inaperturopolle
nites, Singraulipollenites

SCALE
50 0 '00 200 JOOK"" , , ,

~

The qualitative and quantitarive distribution of
various palynotaxa have been evaluated and it has
been found that Densipollenites, Faunipollenites,
Striatopodocarpites, Striasulcites, Scheuringipolle
nites, Alisporites, Falcisporites and Vesicaspora show
characteristic variation at various levels of the
Kamthi Formation.

The trend of occurrence of palynofossils in two
bore· holes studied has been given below. Out of the
two bore-holes, GGK-27 has yielded more
diversified palynoflora and has been described first.

Bore-hole no. GGK-27, Ramagundam-Mantheni
Area (Map 1, sample nos. 32-1, depth 841-54.0 m,
Histogram I)-This bore-hole was drilled near
Mantheni Village south-east of Ramagundam Railway
Station. It has penetrated through the Middle and
Lower members of the Kamthi Formation and was
closed at 851.15 m.

The Lower Member is coal· bearing containing
the workable Sondila coal seam. Quantitatively, the
older sediments (sample nos. 32, 30) are
characterised by the abundance of striate-disaccates,
chiefly Faunipollenites (36 to 38%). Nonstriate·
disaccate Scheuringipollenites (24 to 29%) occurs
next in order of dominance. Striatopodocarpites (10
to 13%) ranks next to the above and is followed by
Vesicaspora (9-14%). Other disaccates represented
are Striatites (1%), Lahirites (2-3%), Vitreisporites
(1 %), Platysaccus (1 %) and Primuspollenites (l %)
Triletes are quite low in percentage and are
represented by Horriditriletes and Lophotriletes.

In comparatively younger sediments (sample
nos. 26 to 1) representing the Middle Member of the
Kamthi Formation, the overall dominance of striate
disaccates is maintai'ned. Striatopodocarpites
increases in the younger sequence and ultimately
increases over Faunipollenites. Scheuringipollenites
which was associated subdominantly in the Lower
Member of the Kamthi Formation is reduced
considerably in these sediments. Striasulcites on the
other hand appears for the first time in sample no.
26 (5%) and increases to its maximum (29%) in
sample no. 20 to represent the subdominant taxon
next to Faunipollenites. In further younger samples
Striasulcites disappears.

Denszpollenites, already having made its
appearance in sample no. 30, attains dominance in
sample no. 18. The epibole of this genus with its
maximum percentage (44·49%) lies in sample nos.
10 (198 m) and 8 (148 m). Though it shows a
decline in younger sediments, still maintains
subdominance. Faunzpollenites on the other hand
records a decline from sample no. 18 giving way to
Striatopodocarpites which overrides ultimately in
younger samples. The percentage frequencies of
Alisporites, Vitreisporites, Falcisporites, Vesicaspora,
Paravesicaspora, Chordasporites, Gondisporites,
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Polypodiidites, Osmundacidites, Crescentipol!enites,
Verftcipollenites, Hindipollenites, Lunatisporites,
Corisaccites and Guttulapollenites are quite low but
these are. persistent in occurrence, hence,
significant. In general, the triletes are low in
percentage.

Bore hole GGK-20, Ramagundam Area (Map 1,
sample Nos. 33-40, depth 191-55-58.50 m, Histogram
2)-H was drilled north·west of the bore-hole GGK
27. This bore-hole also traversed the Lower and
Middle members of the Kamthi Formation up to
approximately 200 m. Further below, the sediments
represent the Barren Measures Formation. In this
sequence the sediments, appertaining lithologically
to the· Middle Member of the Kamthi Formation,
show the continuation of Lower Kamthi palynoflora.
Sample nos. 33 to 39 have yielded a palynoflora
dominated by striate-disaccates. Faunipollenites (16
34%) and Striatopodocarpites (14-25%) together
maintain the overall dominance although
Scheuringipollenites records a higher percentage in
sample nos. 33 and 34. Primuspollenites is present
up to 9 per cent in sample no. 9 only and similarly
Parasaccites is present up to 12 per cent in sample
no. 35. Other notable genera, rare but persistent in
occurrence, are Lunatisporites (0-1 %), Corisaccites

(1-3%), Vitreisporites (1-4%), Falcisporites (1-4%),
Crescentipollenites (1-7%), Chordasporites (0-1%)
and Alisporites (1-3%). Triletes ilre poorly
represented.

PALYNOASSEMBLAGES

The quantitative and qualitative distribution of
palynotaxa as discussed here shows that the
palynological succession within the Kamthi
Formation has undergone two changes, one between
the Lower and Middle Members and the other within
the Middle Member. In this way the palynoflora is
divisible into the folloWing three assemblages (Text
fig. 1).

Assemblage I-It is characterised by the
dominance of striate-disaccates chiefly
Fa u n ipollen i tes and Stria topodocarpites;
Scheuringipollenites remains as subdominant
element. Denszpollenites is very low or Virtually
absent in this assemblage. An important feature of
the assemblage is appearance of elements like
Alisporites, Falcisporites, Vitreisporites,
Lunatisporites, Corisaccites, Chordasporites and
Crescentipollenites. These elements are rare but
± persistently present -throughout the assemblage.
Triletes are quite low in percentage.
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Assemblage II-This is also characterised by the
dominance of striate-disaccates among which
Faunipol!enites is more than Striatopodocarpites.
Scheuringipol!enites being subdominant in the
beginning loses place to Striasulcites which is
restricted to this zone only. Although Densipol!enites
also appears Simultaneously in this assemblage, it
remains low in percentage. Falcisporites,
Vesicaspora, Paravesicaspora, Vitreisporites,
Chordasporites, Gondisporites, Polypodiidites,
Osm undacidites, Crescentipol!enites, Verticipol
lenites and Lunatisporites though low in percentage,
are persistent in occurrence and hence Significant.
Triletes are low in percentage. Important feature of
this assemblage is the presence of Striasulcites in
high percentage and Densipollenites in low
percentage.

In the hole GGK-27, the oldest evidence of
Assemblage II is found at 580 m level; the three
samples (29-27) from the underlying strata up to
776.60 m do not yield any palynoflora. The youngest
occurrence of this assemblage is known from 385 m
level. With the oldest occurrence of Assemblage III
recorded from sample no. 18 at 334 m the upper
limit of Assemblage II should lie between 385 and
334 m levels. At 366.70 m level there is a lithological
change (Histogram 1) which could as well be the
level of assemblage change.

Assemblage III-In this assemblage the general
dominance of striate-disaccates remains unaltered
but Striatopodocarpites mostly exceeds
Faunipol!enites presumably at the cost of the latter.
Densipol!enites increases to overall subdominance
which is collated with the total exit of Striasulcites.
Genera like Alisp0 rites, Vitreisporites, Falcisporites,
Vesicaspora, Paravesicaspora, Chordasporites,
Verticipol!enites, Lunatisporites, Guttulapol!enites
and Hindipol!enites increase only slightly. These
pollen grains are low in percentage but are
persistent in occurrence. Trilete spores are also low
in occurrence.

Assemblage III is observed in whole of the
sequence overlying 366.70 m and up to 54 m depth
from the surface. There is no lithological uniqueness
in 43 m thick overlying strata. Hence, presumably
the Assemblage Zone III continues right up to the
surface soil cover.

Assemblage I compares very well with the
palynoflora of ]hingurdah Seam in Singrauli
Coalfield (Tiwari & Srivastava, 1984) both haVing
younger elements like Falcisporites, Gondisporites,
Lunatisporites and Corisaccites besides dominant
striate-disaccates and subdominant nonstriate
disaccates (excluding percentages of cryptogamic

COMPARISON

PALYNOZONES

DENSIPOLLENITES

STRIATOPODOCARPITES

FAUNIPOLLENITES

KAMTHI FORMATION

Text·figure I-Showing average distribution of various taXa

in Kamthi Formation, Ramagundam area, Godavari Graben.

1
OSMUNDACIDITES

----------- CORISACCITES------------------------------------ ;~g~~:::~~~~;:S
POLYPODIIDITES
STRIOMONOSACCITES

_~ STRIASULCITES

- - - - - - - - PRAECOLPATITES
WEYLANDITES
VERRUCOSI SPORITES

- - - - - - - - - - - MARSUPIPOLLENITES

=======1 PARASACCITES
.--------1 CRESCENTIPOLLENITES

~ -- - - -- - -- - - - - IBISPORITES

~ - - - - - - - -- - GONDISPORITES
------------1 DIS TRIATITES

-----;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;j VITREISPORITES

VERTICIPOLLENITES
PRIMUSPOLLENITES
SCHIZOPOLLENITES
HORRIDITRILETES

PARAVESICASPORA

In bore-core of hole GGK-27, Assemblage I has
been encountered in samples 32 and 30 from the
levels of 841 m and 792 m respectively. According to
the stipulation of one of us (Ramanamurthy) Lower
Member of the Kamthi Formation starts unlikely (or
ends) at 776.70 m. In the bore-core of the hole GGK
20 the youngest productive sample containing
Assemblage I,comes from 62.00-65.00 m level out of
a dark greenish grey, medium to coarse grained
argillaceous sandstone and the oldest from 200.15 m
level. This sequence of strata as well as about 50 m
of micaceous and calcareous sandstone topping may
be considered as the zone of Assemblage I.
However, this does not conform with the lithological
separation of top 87.97 m strata as Middle Member of
the Kamthi Formation.

......-----~ SCHEURINGIPOLLENITES

1------------------1 LAHIRITES

~ ---------....., STRIATITES

I----------------~VESICASPORA

I----------------~FALCISPORITES

~---------------~PLATYSACCUS
f---------"""1111~~~~~~AlISPORITES
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Table I-Showing details of samples, limits and characters of assemblages and biozones in bore hole GGK-27
('Sample numbers with asterisk denotes yielding samples which could be counted).

Sample Depth Lithology Lithological Assem- Characteristic forms Remark Biozones
succession blage

I' 54 Green sandsrone
2* 73 Carb_ shale
3' 85 Carbo shale
4' 104 Carbo Shale
5' 114 Carbo shale
6' 140 Carbo shale III Striatopodoearpites, Faunipol/e- Dens/pol/e- Upper part
7 147 Greenish siltstone nites, Densipol/enites (high), niles Phase of Middle
8' 156 Carbo shale rare forms like Alisporites, Member
9 188 Carbo shale Fa Ie iSporites, Lunatisporites

10' 198 Carbo shale
Z Chordasporites Guftulap-

II' 220 Grey shale 0 ollenites etc.
12' 222 Grey shale -
13 240 Grey shale slightly micaceous f-

14' 241 Carbo shale slightly micaceous
«
::E I>:... 15 248 Grey shale I>: Ll.I

16' 259 Grey shale 0 c:l II Faunipollenites, Striatopodo- Striasuleites Lower part
::E17 306 Greenish shale ~
Ll.I earpites, Densipollenites (low) Phase of Middle

18' 334 Carbo shale ::E Striasuleites + Rare forms like Member
19 357 Grey shale Ll.I Faleisporites, Vesieaspora,
20' 385 Grey siltsrone slightly ,...J Chordasporites, Gondisporites

Cl
micaceous Cl Osmundacidites, Polypodiidites

21 420 Carbo shale - etc.- ::E
22 450 Slightly greenish siltsrone :r:
23' 506 Carbo shale f-

24 525 Grey siltsrone '::E

25' 558 Greenish siltstOne
«
::<:

26' 580 Carbo shale
27 625 Grey siltstOne
28 650 Carbo shale I Faunipolleniles, Striatopodo- Striate Lower
29 749 Carb_ shale 1>:1>: earpites + Seheuringipol/enites disaccate MemberLl.I

30' 792 Carbo shale Ll.Ic:l
+ Rare forms like Alisporites, rich phase~::E

31 793 Carbo shale OLl.l Faleisporites, Chordasporites, Appearance
32' 841 Carbo shale ,...J::E Lunatisporites etc. of rare forms

Table 2-Showlng details of samples, limits and characters of assemblages and biozones In bore hole GGK·20
('Sample numbers with asterisk denotes yielding samples which could be counted).

Sample Depth
no.

113·115 Shale

124.90·125.90 Grey shale

BiozoneRemark

Densipolle
nites

Absence of Middle
Member

Stnpatopodoearpites +

Faunipollenites +

sporites, Lunatisporites,
Corisaeeites

Seheuringipollenites

+ Rare forms like
Faleisporites, Vitrei-

Cbordasporiles &
Creseent/pollenites

Assem- Characteristic forms
blage

I>:
Ll.I

~
o,...J

Lithological
succession

:r:
f
'::E
«
::<:

Ll.I,...J
Cl

Z e
o '::E
f-
«
::E
I>:
o
~

Lithology

Grey Carbo shale

Coal112·113

175·183 Coal fine grained
micaceous sst. with
Coal lenticles.

191.55·200.15 Grey black, Coaly &
Sandy shale

99.5-87.70

62.50-58.50 Coarse grained grey
white Calc. sst.

65·62 Dark greenish grey
micaceous argo sst.

38'

36

40

39'

37

35'

34'

33'

~
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spores in )hingurdah Seam). Denszpollenites is
characteristically almost absent in both.

Assemblage I can also be compared with the
Raniganj palynoflora of Auranga Coalfield (Lele &
Srivastava, 1979), Assemblage I of bore-hole RAD·2
(Singh & Tiwari, 1982), Assemblage 2 of bore-hole
RNM-3 (Rana & Tiwari, 1980) and Assemblage II of
bore-hole RNM-2 (Tiwari & Rana, 1984) from East
Raniganj Coalfield in having dominant striate
disaccates. However, some younger forms which
appear in Lower Kamthi Member of Godavari Valley
are absent. Besides, Densipollenites is positively
better represented in Assemblage-2 of RNM-3 and
Assemblage II of RNM-2 in East Raniganj Coalfield.

The association of Striasulcites (Assemblage II)
with dominant striate-disaccates has not been
reported so far from any other coalfield excepting
the Hutar Coalfield (Shukla, 1983) But therein
Striasulcites is associated with the dominance of
Scheuringzpollenites and it has been recovered from
upper part of Barakar Formation. The positive
presence of Denszpollenites in this assemblage is
very significant.

Assemblage III, i.e. Densipollenites rich phase of
Kamthi Formation in Godavari Graben bears a close
correspondence with Assemblage 3 of bore-hole
RNM-3 (Rana & Tiwari, 1980), with Assemblage 1II of
bore-hole RAD-2 (Singh & Tiwari, 1982), with Group
I of bore-hole RAD-5, with Group A of bore-hole
RAD-4 (Tiwari & Singh, 1983) and Assemblage III of
bore-hole RNM-2 (Tiwari & Rana, 1984) in East
Raniganj Coalfield in having dominant striate
disaccates, high percentage of Densipollenites and
presence of younger forms such as Lunatisporites,
Chordasporites, Klauszpollenites, Alisporites, etc.
Densipollenites rich palynoflora of Upper Raniganj is

PLATE 1

(All photomicrographs magnified. 500)

1. GUllutapoltenites bannonicus, negative no. 32/9, slide no.
BSIP 9324; Coordinates 104. 12.6

2. Hamiapolteniles sp., negative no. 26/14, slide no. BSIP 9325;
Coordinates 7.6.108.3

3. LueckispOrites sp., negative no. 32/14, slide no. BSIP 9334;
Coordinates 89.5' 17.5

4. Cbordasporiles australiensis, negative no. 21/20, slide no.
BSIP 9330; Coordinates 3.4. 103.0

5. Paravesicaspora nilssoni, negative no. 37/6, slide no. BSIP
9336; Coordinates 12.6. 90.0

6. Falcisporites nurbaltensis, negative no. 28/21, slide no. BSIP
9329; Coordinates 19.2. 96.4

7. Crescent,polteniles demus, negative no. 27/28, slide no. BSIP
9331; Coordinates 106·13.3

8. Lunatisporiles ovalus, negative no. 22/10, slide no. BSIP
9332; Coordinates 113.9' 11.5

also known from Nonia Nala (Banerji & Maheshwari,
1974), Noniakhal and Machkanda )hore in Raniganj
Coalfield (Bharadwaj, Tiwari & Anand-Prakash, 1979)
and from Gopad River (Maheshwari, 1967). Thus,
Denszpollenites appears as one of the significant
elements of palynoflora during the Middle Member
of Kamthi Formation in Godavari Graben as is also
known from upper part of Raniganj Formation of
Damodar Basin. But the genera having younger
aspect are relatively better represented in Godavari
Graben than in other known Denszpollenites rich
assemblages in Damodar ~}sin-a condition similar
to that in Bijori Formation of Satpura Gondwana
Basin (Bharadwaj, Tiwari & Anand-Prakash, 1978).
The present palynoflora also shows paucity of trilete
spores while in Damodar Valley triletes are
comparatively higher in representation in the
Raniganj Formation.

COMPARISON OF PALYNODATA WITH
LITHODATA

Bore-hole GGK-20-Lithologically, the Lower
Member of Kamthi Formation in bore-hole GGK-20
has been marked between 200.15 to 87.90 m levels
and Middle Member above this level (Histogram 2).
But the palynoflora shows no change in the
sequence and thus palynologically the whole
sedimentary sequence in bore-hole GGK-20 above
200.15 m belongs to Lower Member of the Kamthi
Formation. Lithologically also, the beds above 87.90
m level do not exhibit appreciable difference but for
lack of coaly facies. However, the occurrence of
plant fossils at 68.10 m level suggests that
carbonaceous nature continued well above the coaly
facies.

9. Striasulciles ovatus, negative no. 37/3, slide no. BSIP 9338;
Coordinates 3.0' 82.7

10. Lueckisporiles microgranulalus, negative no. 23/7, slide no.
BSIP 9327; Coordinates 10.7. 84.8

11. Strotersporites sp., negative no. 37/11, slide no. BSIP 9339;
Coordinates 13.7' 93.9

12. Strotersporiles crassiletus, negative no. 37/1, slide no. BSIP
9340; Coordinates 13.3' 83.2

13. Densipolteniles kamtbiensis, negative no. 24A/7, slide no.
BSIP 9324; Coordinates 10.3·100.0

14. Verlicipolteniles debilis, negative no. 35/3, slide no. BSIP
9328; Coordinates 2.8' 91.0

15. Vitreisporiles paltidus, negative no. 28/35, slide no. BSIP
9324; Coordinates 19.8.95.7

16. Slriatopodocarpites mullistriatus, negative no. 20B/8, slide
no. BSIP 9329; Coordinates 19.0. 98.7

"1
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marginalis (Srivastava & Jha, MS). Besides,
Striasuleites ovatus, S. teetus and Strotersporites
erasseletus (Srivastava & Jha, MS) are restricted to
Middle Member of the Kamthi Formation only. The
distribution of different species is as follows:

Lophotri/etes rectus + +

Gondisporites sp. +

Verrucosisporites surangei Maheshwari &
Banerji 1970 +
Horriditri/etes ramosus (Balme & Hennelly)
Bharadwaj & Salujha 1964 + +

H. rampurensis Tiwari 1968 + +

Mierobaculispora tentula Tiwari 1965 + +

Brevitri/etes communis Bharadwaj & Srivastava
emend. Tiwari & Singh 1981 + +

B. unicus (Tiwari) Bharadwaj & Srivastava
emend. Tiwari & Singh 1981 -+ +

Osmundacidites senectus Balme 1963 +

0. pi/atus Tiwari & Rana 1981 +
Laevigatosporites colliensis (Balme &
Hennelly) Venkatachala & Kar 1968 + +

Po/ypodiidites perverrucatus Couper 1953 +

Praeco/patites sinuosus (Balme & Hennelly)
Bharadwaj & Srivastava 1969 +
Callumispora tenuis Srivastava 1969 + +

Densipollenites indicus, Bharadwaj 1962 +

D. invisus Bharadwaj & Salujha, 1964
D densus Bharadwaj & Srivastava 1969 +

D minimus Venkatachala & Kar 1968 +

D. brevis Lele & Srivastava 1977 +
D. sp. cf. D. brevis Lele & Srivastava 1977 +

D. magnicorpus Tiwari & Rana 1981
D. sp. cf. D magnicorpus Tiwari & Rana 1981 +

D. kamthiensis Srivastava & Jha (MS) +
D. marginalis Srivastava & Jha (MS) +

Densipollenites sp. +

Tiwarisporis novus Bharadwaj & Dwivedi 1981 +

Weylandites minutus Bharadwaj &
Srivastava 1969 + +

W. circularis Bharadwaj & Srivastava 1969 + +

W. obscurus (Tiwari) Bharadwaj &
Dwivedi 1981 + +

Vesicaspora luteus Salujha 1965 +
Parasaccites korbaensis Bharadwaj &
Tiwari 1964 + +

p. obscurus Tiwari 1965 + +

P. distinctus Tiwari 1965 + +

P. dlffusus Tiwari 1965 + +

P. bilateralis Tiwari 1965 + +

P. densus Maheshwari 1967 + +

P. ta/chirensis Lele & Makada 1972 + +

Virkkipollenites orientalis Tiwari 1968
Lueckisporites sp. +
GUllu/apolleniles hannonicus Goubin 1965 +
Lunatisporites diffusus Bharadwaj &
Tiwari 1977 +
Lunatisporites sp. +
Corisaccites a/utus Venkatachala & Kar, 1966 + +

C. dis/inc/us Venkatachala & Kar 1968 + +

Hamiapollenites sp. +
Striatites communis Bharadwaj & Salujha 1964 + +

5. solitus Bharadwaj & Salujha 1964 + +

5. tentu/us Tiwari 1965 + +

Striatites sp. + +

Bore-hole GGK-27-The samples of bore-hole
GGK-27 lithologically belong to Kamthi Formation.
The boundary between the Lower and Upper
members of the Kamthi Formation has been marked
at 776.70 m in bore-hole GGK-27. But Lower Kamthi
palynoflora has been observed up to 792 m. The
actual upper limits of the palynoflora is not known
but could well have extended to 776.70 m level as
lithologically stipulated. Thus, the palynodata
corresponds with the lithodata. Assemblages II and
III represent palynoflora of Middle Member of the
Kamthi Formation. Assemblage II represents lower
part while Assemblage III represents upper part of
Middle Member in bore-hole GGK-27.

DISCUSSION

The Kamthi Formation of Wardha-Godavari
Valley coalfields has been correlated with the
Raniganj Formation of Damodar Basin on the basis
of plant fossils Hughes (1877) considered them to
represent a time equivalent of the upper part of
Damuda Series and a part of Panchet Formation of
Damodar Basin. This contention has been
corroborated by the present palynological
investigation.

The palynological investigations carried out in
the bebehhhhhhhhRamagundam area show a close
resemblance with the palynoflora of the Raniganj
Formation of Damodar Valley. The entire sequence
shows the dominance of striate-disaccate pollen
grains. The Lower Member of the Kamthi Formation
which contains a workable coal seam, has been
lithologically identified between 851.15 to 776.70 m
in the bore-hole GGK-27 and between 87.90 to

200.15 m from the surface in the bore-hole GGK-20.
With the beginning of the Middle Member of the
Kamthi Formation the carbonaceous sediments
disappear and an uninterrupted sequence of
alternating medium to coarse-grained grey-white
sandstone, shales and clays predominates.
Palynologically, the lower part of Middle Member
(between 776.70-366.70 m in bore-hole GGK-27) is
characterised by association of high
Stria-suleites + striate-disaccates + low Densipol
lenites. In the overlying sequence Striasuleites
vanishes and Densipollenites attains dominance. This
youngest assemblage is known to occur between 54
334 m ,and palynologically corresponds with the
upper part of Raniganj Formation in the Damodar
basin.

At specific level it has been found that the
palynoflora of Middle Member of the Kamthi
Formation is much more diversified than that of
Lower Member. Few species of Densipollenites are
present only in Middle Member, viz., D.
magnicorpus, D. brevis, D. kamthiensis and D.

SPECIES LOWER MIDDLE
KAMTHI KAMTHI

•

It
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Lahirites rarus Bharadwaj & Salujha 1964
L. singularis Bharadwaj & Dwivedi 1981
L. karanpuraensis Bharadwaj & Dwivedi 1981
L. levicorpus Tiwari 1968
L. rhombicus Maithy 1965
Verttcipollenites gibbosus Bharadwaj 1962
V. debilis Venkatachala & Kar 1968
V. jinitimus Bharadwa; & Salujha 1964
v. crassus Bharadwaj & Salujha 1964
Verticipollenites sp.
Hind/pollenites indicus Bharadwaj 1962
H. globosus Kar 1968a

H. sp. cf. H. rajmahalensis
Striaropodocarpites IIwari Bharadwaj &
Dwivedi 1981
S. globosus (Maheshwari) Bharadwaj &
Dwivedi 1981
S brevis Sinha 1972
S. d/jjusus Bharadwaj & Salujha 1964
S. rOlUndus (Maheshwari) Bharadwaj &
Dwivedi 1981
S. decorus Bharadwaj & SaJujha 1964
S. labrus Tiwari 1965
S. subcircularis Sinha 1972
Striatopodocarpites sp.
Faumpollenites parvus Tiwari 1965
F goraiensis (Potonie) Lele & Maithy 1965
F copiosus Bharadwaj & Salujha 1965
F varius Bharadwaj, 1962
F bharadwajii Maheshwari 1967
F singrauliensis Sinha 1972
F gopadensis Bharadwaj & Srivastava 1969
Faumpollenites sp.
Strotersporites crassiletus sp. nov.
Srivastava & Jha (MS)
Strotersporites sp.
Striapollenites monosaccoides
Tiwari & Rana 1981
Distrialites insolitus Bharadwaj &
Salujha 1964
D. distinclUs Sinha 1972
Distrialites sp.
Rhizomaspora indica Tiwari 1965
R. monosulcata Tiwari 1968
Primuspoflenites levis Tiwari 1964
Schizopollis extremus Venkatachala &
Kar 1964
Striasulcites tectus Venkatachala &
Kar 1968
S. ovatus Venkatachala & Kar 1968
Distriamonocolpites circularis Sinha 1972
Crescentipollenites barakarensis (Sinha)
comb. nov.
e. jusus (Bharadwaj) Bharadwaj, Tiwari &
Kar 1974
e. gondwanensis (Maheshwari) Bharadwaj,
Tiwari & Kar 1974
e. talchirensis (Lele) comb. nov.
e. densus Srivastava & Jha (MS)
Circumstriatites ovatus Lele &
Makada 1972
e. obscurus Lele & Makada 1972
Marsupipollenites jasciolatus Balme &
Hennelly 1956
Pretricolpipollenites bharadwajii
Balme 1970
Potonieisporites negleClus PotOnie &
Lele 1961
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Scheuringipollenites maxim us (Hart)
Tiwari 1973 + +
S. minutus (Sinha) Bharadwaj &
Dwivedi 1981 +

S. barakarensis (Tiwari) 1973 + +

S tentulus (Tiwari) Tiwari 1973 + +

Ibisporiles jhingurdabiensis Sinha 1972 + +

Alisporites indarraensis Segraves 1969 ' + +
A. landianus Balme 1970 + +

Chordaspontes australiensis de
Jersey 1962 + +
Cuneatisporites royaliensis Saxena 1971 +
Falcisporites n uthallensis (Clark)
Balme 1970 + +

Paravesicaspora ovata (Balme & Hennelly)
Bharadwaj & Dwivedi 1981 + +

P. brevis (Sinha) Bharadwaj & Dwivedi 1981 +

Aurangapollenites gurturiensis
Srivastava 1977 +

Vitreisporites pallidus (Reissinger)
Balme 1970 + +

Pilasporites sp. + +

Inaperturopolleniles nebulosus
Balme 1970 + +

Singraulipollenites indicus Sinha 1972 + +

S. jinillmus Sinha 1969 + +

Lithologically, both the sequences are devoid of
coal-bearing sediments and present a monotonous
sequence of sandstone, shale and clay. However, the
sandstones of the Middle Member of the Kamthi
Formation show a greenish tint more frequently in
the upper part of the sequence. It is also interesting
to note that the upper part of the Middle Member in
GGK-27 shows a declining trend in the genus Densi
pollenites. Further, the presence of Verrucosisporites,
Osmundacidites, Polypodiidites, Vitreisporites and
Falcisporites becomes more frequent in this zone
and thus heralds the incoming of the younger, the
Panchet, elements. It is probable that the Permian
Period comes to a close somewhere not much above
this palynozone of the Middle Member of the Kamthi
Formation. If this presumption holds good the
equivalent of Panchet Formation may be expected
close to the present level of Assemblage III in
Middle Member studied from the bore-hole GGK-27
in Ramagundam-Mantheni area of Godavari Graben.

CONCLUSION

The palynological investigations of the Kamthi
Formation in Ramagundam-Mantheni area brought to
light for the first time that the Lower and Middle
members are characterised by three palynological
assemblages with two breaks separating one
assemblage restricted to Lower Member, one to
older part of Middle Member and the third in the
upper part of latter. Palynostratigraphically, these
assemblages indicate a close resemblance with the
Raniganj Formation of Damodar Basin except certain
variations which are restricted to Godavari Graben,
Further, it is reasonable to presume that the younger
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part of Middle Member and Upper Member of
Kamthi Formation is homotaxial with the Panchet
Formation of Damodar Basin in part or whole.

ACKNOWLEDGEMENT

Sincere thanks are due to the Geological Survey
of India for proViding the material, necessary infor
mation and facilities during the present study.

REFERENCES

Banerji, J. & Maheshwari, H. K. 1974. Palynology of the Panchet
Group exposed in the Nonia Nala near Asansol, West Bengal.
Palaeobotanist 21(3) : 368-372.

Bharadwaj, D. C, Tiwari, R. S. & Anand-Prakash 1978. Palynology
of Bijori Formation (Upper Permian) in Satpura Gondwana
Basin, India. Palaeobotanist 25 : 70-78.

Bharadwaj, D. C, Tiwari, R. S. & Anand-Prakash 1979. Permo
Triassic palynostratigraphy and lithological characteristic in
Damodar Basin, India. Bioi. Mem. 4(1 & 2) : 49-82.

Blanford, W. T. 1868. Coal near Nagpur. Rec. geo/. Sum India2(2) :
King, W. 1881. The geology of Pranhita Godavari Valley. Mem.

geol. Sum India 18(3): 150-311.
Jha, Neerja & Srivastava, Suresh, C 1984. Occurrence of mega

spores in Kamthi Formation of Godavari Valley coalfields,
Andhra Pradesh. Geophytology 14(1) : 121-122.

Lele, K_ M. & Srivastava, A. K. 1979. Lower Gondwana (Karharbari
to Raniganj Stage) miofloral assemblages from the Auranga
Coalfield and their stratigraphical significance. Proc. TV into
palyno/. Conj., Lucknow (1976-1977): 152-164. Birbal
Sahni Institute of Palaeobotany, Lucknow.

Maheshwari, H. K. 1967. Note on the miospore assemblage
from Gopad River Valley, M. P., India. Curro Sci. 36(7) :
181.

Ramanamurry, B. V. 1979. Repon on the occurrence of a coal
seam in the Kamthi Formation from the Ramagundam area of
the Godavari Valley Coalfield, and its stratigraphic significance.
Geo/. Sum India, Misc. Pub/. No. 45 : 89-93.

Rana, V. & Tiwari, R. S. 1980. Palynological succession in Permian
Triassic sediments in bore hole RNM-3, East Raniganj Coal
field, W. Bengal. Geophytology 10( 1) : 108-124.

Sengupta, S. 1970. Gondwana sedimentation around Bheemaram
(Bhimaram) Pranhita Godavari Valley, India. Jour. Sed. Pet.
40(1) : 140·170.

Shukla, M. 1983. Lithostratigraphy and palynostratigraphy of the
Lower Gondwana Formation in the Hutar Coalfield, Palamau
District, Bihar, India. Palaeobotanist 31(2) : 176·190.

Singh, V. & Tiwari, R. S. 1982. Pallern of miofloras through Permo
Triassic transition in bore hole RAD-2, East Raniganj Coal
field, W. Bengal. Geophytology 12(2) : 181-186.

Srivastava, Suresh. C & Jha, Neerja (MS). Palynology of the Kamthi
Formation in Godavari Graben, Andhra Pradesh, India.
Palaeontographica.

Tiwari, R. S. & Rana, Vijaya 1984. Palynodating of Permian and
Triassic sediments in rwo bore holes beyond the eastern
limits of Raniganj Coalfield, West Bengal, pp. 407-423 in :
Proceedings of the Symposium on Evolutionary Botany and
Biostratigraphy, A. K. Sharma et a/. (eds)-A K. Ghosh Comm.
Vol., Current Trends in Life Sciences, 10 : 425-449.

Tiwari, R. S. & Singh, Vijaya 1983. Miofloral transition at Raniganj
Panchet boundary in East Raniganj Coalfield and its impli
cation on Permo-Triassic boundary. Geophytology 13(2) :
227-234.

Tiwari, R. S. & Srivastava, Suresh C 1984. Palynological dating of
Jhingurdah Seam, Singrauli Coalfield: A reappraisal. Palaeo
botanist 31(3) : 263.



J\t,

r~

~r,"1

The Palaeobotanist 35(3) : 331-341, 1986_

Palynology of the Barail (Oligocene) and Surma (Lower
Miocene) sediments exposed along Sonapur-Badarpur

Road Section, Jaintia Hills (Meghalaya) and Cachar
(Assam). Part-VII. Discussion
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Miocene) sediments exposed along Sonapur-Badarpur Road Section, ]aintia Hills (Meghalaya) and Cachar (Assam).
Pan·VI!. Discussion. Palaeobotanist 35(3) : 331·341.

The palynoflora I assemblages from the Barail (Oligocene) and Surma (Lower Miocene) sediments exposed
along Sonapur·Badarpur Road Section, Meghalaya and Assam have been discussed and interpreted. The total
assemblage consists of 68 genera and 113 species. Qualitative analysis of the assemblage reveals that
Lycopodiaceae, Polypodiaceae, MatOniaceae, Hymenophyllaceae, Ophioglossaceae, Schizaeaceae, Cyatheaceae,
Osmundaceae, Gleicheniaceae, Parkeriaceae, Podocarpaceae, Pinaceae, Palmae, PotamogetOnaceae, Araceae,
Oleaceae, Bombacaceae, Labiatae, Mimosaceae and Malvaceae are represented in the assemblage. The present day
distribution of these families indicates the prevalence of mainly tropical·subtropical climate during the deposition
of Barail-Surma sediments. The environment of deposition has been interpreted as coastal marine. Quantitatively,
the pteridophytic spores constitute a major part (62%) of the assemblage followed by gymnospermous pollen
grains (23%), angiospermous pollen grains (5.5%), dinoflagellate CYStS (5%) and fungal remains (4.5%). A
comparison of this assemblage with similar Oligocene-Lower Miocene assemblages of India has been made. The
age of the sedime:1ts has also been discussed.

Key-words-Palaeopalynology, Tropical-subtropical climate, Barail-Surma Groups, Oligocene·Lower Miocene
(India).
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fHE area under present study, i.e. Sonapur-Badarpur
Road Section, is located in the southeast of Shillong,
in ]aintia Hills (Meghalaya) and Cachar (Assam)

districts and constitutes a part of the Shillong
Badarpur Highway (National Highway·44). Excellent
sections of Barail (Oligocene) and Surma (Lower
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Miocene) groups of geosynclinal facies are exposed
along this section. The Barail Group of this area is
divided into Laisong, Jenam and Renji formations.
The Laisong Formation (1750 m thick) represents
mainly arenaceous facies consisting of grey, very
hard, thinly bedded, very fine to medium grained
sandstones alternating with subordinate, hard, sandy
shales. The Jenam Formation (850 m thick) is mainly
argillaceous and consists of shales and sandy shales
with fine to medium grained sandstones. The Renji
Formation (800 m thick) is again arenaceous and is
made up of thickly bedded or massive, fine to
medium grained, hard, ferruginous sandstones alter
nated by thin shales. The Renji Formation is uncon·
formably overlain by the Surma Group. This group is
divided into Bhuban and Bokabil formations. The
Bhuban Formation (1850 m thick) is further divided
into Lubha, Umkiang and Dona members. The lower
and upper members are mainly arenaceous whereas
the middle member is argillaceous. The Bokabil For·
mation (150 m thick) is made up of thick sandy
shales with alternations of very fine grained lami
nated sandstone. The lithostratigraphy of the section
has been published by Saxena and Tripathi (1982).

Palynological study of the Barail and Surma
sediments of this section has been carried out by
Sein and Sah (1974), Rao (1983), Singh and Rao
(1984), Saxena and Rao (1984), Rao et al. (1985),
Singh et al. (1986), Rao (986), Saxena et al. (1987)
and Rao and Singh (1987). Based on the above work,
the present paper deals with the qualitative and
quantitative analyses of Barail-Surma palynoflora, its
comparison with other similar palynoassemblages
from India and interpretations regarding palaeo
climate, environment of deposition and age.

PALYNOFLORAL ASSEMBLAGE

Dinoflagellate Cysts

Polysphaeridium subtile Davey & Williams in
Davey et aI., Polysphaeridium sp., Impletosphaeri
dium insolitum Eaton, Adnatosphaeridium vittatum
Williams & Downie in Davey et aI., Membranilarna
cia donaensis Saxena & Rao, Cordosphaeridium
inodes (Klumpp) Eisenack emend. Morgenroth, C.
multispinosum Davey & Williams in Davey et aI., C.
fibrospinosum Davey & Williams 1n Davey et al., C.
gracilis (Eisenack) Davey & Williams in Davey et al.,
Operculodinium 5p. cf. O. major Jain & Dutra in
Dutta & Jain, Achomosphaera ramulifera
(Deflandre) Evitt, A. sagena Davey & Williams in
Davey et aI., Homotryblium floripes (Deflandre &
C06kson) Stover, Homotryblium meghalayaensis
Saxena & Rao, Tuberculodinium vancampoae Ros
signol) Wall emend. Wall & Dale, Dinocyst types 1,
2, 3, Heliospermopsis sp. (acritarch).

Fungal Remains

Phragmothyrites eocaenica Edwards emend. Kar
& Saxena, Phragmothyrites sp., Paramicrothallites
menonii Jain & Gupta, Notothyrites setiferus Cook
son, N. amorphus Kar & Saxena, N. padappakarensis
Jain & Gupta, Parmathyrites ramanujamii Singh et
aI., Kutchiathyrites sp., Lirasporis intergranifer
Potonie & Sah emend. Jain & Kar, Inapertisporites
ovalis Sheffy & Dilcher, I. miocenicus Singh et aI.,
Inapertisporites sp., Inapertisporites sp. cf. I. kedvesii
Elsik, Dicellaesporites fusiform is Sheffy & Dilcher,
Dicellaesporites spp. A, B, Multicellaesporites spp. A,
B, C, D, Lacrimasporonites sp., Monoporisporites sp.,
Dyadosporonites grandiporus Singh et aI., Dyadospo·
ronites sp., Dzporisporites sp., Pluricellaesporites
verrucatus Singh et aI., Pluricellaesporites spp. A, B,
Pluricellaesporites sp. d. P. alleppeyensis, Ramanu·
jum & Rao, Diporicellaesporites verrucatus Singh et
aI., Diporicellaesporites spp. A, B, Fuszjormisporites
sp., Frasnacritetrus sp.

Pteridophytic Spores

Cyathidites australis Couper, C. minor Couper,
Lygodiumsporites lakiensis Sah & Kar emend. Rao &
Singh, L. eocenicus Dutta & Sah, L. donaensis Rao &
Singh, Todisporites major Couper, T. minor Couper,
Biretisporites meghalayaensis Rao & Singh, B. oligo·
cenicus Rao & Singh, Surmaspora sinuosa Singh &
Rao, Gleicheniidiles senonicus Ross, Dictyophyllidites
indicus Rao & Singh, Garotriletes sp., Corrugatispo·
rites sp., Foveotriletes spp. A, B, Foveosporites
triangulus Dutra & Sah, F. miocenicus Ramanujam,
Foveosporites sp., Lycopodiumsporites abundans
Salujha et aI., Striatriletes susannae van der Hammen
emend. Kar, S. sinuosus Rao & Singh, S. pachyexinus
Rao & Singh, Malayaeaspora costata Trivedi et aI.,
Cingutriletes sp., Polypodiaceaesporites tertiarus Sah
& Dutta, P. chatterjii Kar, Monolites major (Cookson)
Potonie, Polypodiisporites favus Poronie, P. speciosus
Sah, P. formosus Salujha et aI., P. tuberculensis
(Baksi) Rao & Singh.

Gymnospermous Pollen

Laricoidites punctatus Saxena, Podocarpidites
classicus Salujha et aI., Podocarpidites meghalaya·
ensis Rao, Podocarpidites sp., Pinuspollenites foveo·
latus Rao, Piceapollenites sp., Abiespollenites surma·
ensis Rao.

Angiospermous Pollen

Retipilonapites delicatissimus RamanUjam, Ver·
rualetes assamicus Singh & Saxena, Verrualetes sp.,
Assamiapollenites sp., Spinainaperturites spp. A, B,

iii.-
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Palmidites maxim us Couper, Coupenpollis robustus
Saxena, C. donaensis Rao et al., C. ramanujamii Rao
et al., Couperipollis sp. cf. C. wodehousei (Biswas)
Venkatachala & Kar, Proxapertites sp., Tricolpites sp.,
Verrutricolpites sp., Retitrescolpites sp., Trijossapol
lenites constatus Dutra & Sah, Bombacacidites inau
sus Venkatachala & Rawat, Echistephanocolpites
meghalayaensis Rao et at., Echistephanocolpitessp.
d. E. echinatus, Wijmstra, Gemmastephanocolpites
sp., Tnporopollenites sp., Stephanoporopollenites sp.,
Malvaceal'.umpollis sp., Polyadopollenites sahii Rao et
at.

DISCUSSION

Pteridophytic spores and gymnospermous
pollen are the dominant constituents of the Barail
Surma Assemblage while angiospermous pollen are
comparatively' poorly represented. Algal and fungal
remains are also present. The qualitative and quanti
tative analyses of the palynofloral assemblage and its
comparison with other known equivalent assemb
lages from India have been discussed.

Qualitative Analysis

THALLOPHYfA

The thallophytic remains are represented in the
assemblage by dinoflagellate cysts (9 genera & 15
species), epiphyllous fungi and fungal spores (17
genera & 34 species).

PTERIDOPHYfA

Pteridophytic spores are richly represented in
the Barail-Surma sediments of Sonapur-Badarpur
Road Section. Their comparison with the extant flora
indicates the presence of the folloWing families:

Lycopodiaceae-Lycopodiumsporites abundans,
Foveotriletes spp. A, Band Foveosporites triangulus
are comparable to the spores found in some
members of the family Lycopodiaceae. This family is
represented in tropical to temperate regions and
inhabits moist and shady places.

Polypodiaceae-This family is represented by
Monolites major, Polypodiaceaesporites tertiarus, P.

chatter}ii, Polypodiisporites javus, P. jormosus, P.

tuberculensis and P. speciosus. The present day
distribution of Polypodiaceae is cosmopolitan.

Matoniaceae-Dictyophyllidites indicus may be
related to the fern family Matoniaceae.

Hymenophyllaceae-Biretisporites oligocenicus
and B. meghalayaensis are doubtfully related to the
family Hymenophyllaceae.

Ophioglossaceae-Foveosporites miocenicus is
similar to the spores of some species of Ophioglos
sum of the family Ophioglossaceae.

Schizaeaceae-Lygodiumsporites lakiensis, L.
eocenicus and L. donaensis compare with the spores
of the family Schizaeaceae. It is chiefly distributed in
tropical and subtropical regions.

Cyatheaceae-Cyathidites australis and C.
minor are referable to this family. Plants of this
family are mainly found in tropical and subtropical
area.

Osmundaceae-Todisporites major and T.
minor are referable to this family. Members of this
family are found both in tropical and temperate
regions, generally inhabiting damp woods and
thickets.

Gleicheniaceae-Morphologically Gleichenii
dites senonicus is comparable to the spores
produced by some members of the family Gleiche
niaceae. The members of this family chiefly grow in
tropics.

Parkeriaceae-All the three species of Striatri
letes, viz., S. susannae, S. sinuosusand S. pachyexi
nus seem to be related to Ceratopteris (Parkeria
ceae). The genus Ceratopteris is a water fern of the
tropical and subtropical regions.

GYMNOSPERMAE

Gymnospermous pollen grains are comparati
vely less represented in the assemblage than pteri
dophytic spores. These are referable to the following
families:

Podocarpaceae-Podocarpidites classicus, P.
meghalayaensis, and Podocarpidites sp. have close
affinity with this family. The family is distributed in
subtropical as well as temperate regions.

Pinaceae-Pinuspollenites joveolatus, Abiespol
lenites surmaensis, Piceapollenites sp. and Laricoidi
tes punctatus are referable to the members of Pina
ceae which is a temperate taxon.

ANGIOSPERMAE

The angiospermous pollen are not richly rerre
sented in the Barail-Surma assemblage, however,
they form a significant group at certain levels. These
are represented by the following families:

Palmae-Palmidites maximus, Couperipollis
robustus, C. donaensis and C. ramanujamii are
comparable to the pollen of Palmae. The distribu
tion of this family is restricted to tropical and sub
tropical regions.

Potamogetonaceae-Retipilonapites delicatissi
mus is comparable to the pollen grains of Potamo
getonaceae. This aquatic family is cosmopolitan.

Araceae-Proxapertites sp. resembles the
pollen of Araceae. The family is chiefly tropical.

Oleaceae-This family appears to be repre
sented by the pollen of Retitrescolpites. The family is
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restricted to tropical and warm temperate regions of
the world.

Bombacaceae-Bombacacidites ina usus is
comparable to the pollen of Bombacaceae.

Labiatae-Trijossapollenites constatus, Echiste
phanocolpites meghalayaensis and Gemmastephano
colpites sp. are probably related to family Labiatae.
The present day distribution of this family is
ubiquitous.

Mimosaceae--The pollen grains of Polyadopol
lenites sahii show definite affinity with this family. At
present, the members of this family are found mainly
in tropical-subtropical regions of the world.

Malvaceae-Malvacearumpollis sp. resembles
the pollen grains of Malvaceae. The family is mainly
tropical in distribution.

Quantitative Analysis

The present palynoassemblage is populated by
68 genera and 112 ~pecies of dinoflagellate cysts,
fungal remains, pteridophytic spores and gymno
spermous and angiospermous pollen grains. Quanti
tatively, the pteridophytic spores constitute a major
part (62%) of the assemblage, followed by gymnos
permous pollen grains (23%), angiospermous pollen
grains (5.5%), dinoflagellate cysts (5%) and fungal
remains (4.5%). The botanical allocation of the
various genera and species is given below: dinofla
gellate cysts-9 genera and 15 species; fungal remains
17 genera and 33 species; pteridophytic spores 18
genera and 32 species; gymnospermous pollen
grains 5 genera and 7 species; angiospermous pollen
grains 18 genera and 24 species; incertae sedis 1
genus and 1 species. The quantitative analysis of the
assemblage has been done on the basis of the
frequency of various species in a count of 200
specimens per sample but in some cases where the
yield was poor only 100 to 150 palyno-fossils were
counted. The percentage of each group in each
sample has been calculated and plotted to show its
distribution in the Barail-Surma Sequence of the
Sonapur-Badarpur Section (Text-fig. 1).

The quantitative analysis of the palynoflora
recorded from each formation is discussed below:

Laisong Formation-The palynotaxa of the Lai
song assemblage (Lower Oligocene) are repre
sented by the following percentages: dinoflagellate
cysts (14.3%), fungal remains (4.5%); pteridophytic
spores (62.5%), gymnospermous pollen grains
(16%) and angiospermous pollen grains (2.7%). The
dinoflagellate cysts are dominant in the lower part of
the Laisong Formation (Polysphaeridium subtile
Cenozone) but they decrease in frequency in the
upper part (Todisporites major Cenozone). Poly
sphaeridium subtile constitutes 30 per cent of the
dinoflagellate cysts in the lower part of the

formation. In some samples its frequency reaches up
to 45 per cent. Adnatosphaeridium vittatum is res
tricted to this formation only. Cordosphaeridium
inodes, .C. jibrospinosum, C. multispinosum and
Homotryblium jloripes are among the other species
of dinoflagellate cysts recorded from this formation.
The fungal remains are better represented in the
upper part (up to 12%) than in the lower part (1-4%)
and consist of Notothyrites setijerus and Phragmo
thyrites eocaenica. Among the pteridophytic spores,
trilete spores form the dominant element while the
monolete spores remain insignificant. Striatriletes is
the most dominant genus throughout the formation
and in some samples its frequency reaches up to
60%. Other pteridophytic genera in the order of their
relative abundance are Todisporites and Lygodium
sporites. Gymnospermous pollen, mainly represen
ted by Pinuspollenites joveolatus are insignificant in
the lower part of the formation while in the upper
part their frequency is comparatively low. Podocarpi
dites is another important gymnospermous pollen
genus in this formation. The angiospermous pollen
grains constitute 2.7 per cent of the assemblage,
being represented by Polyadopollenites sahii and
Echistephanocolpites meghalayaensis.

jenam Formation-The Jenam Forma[ion
consists of fungal remains (12.2%), pteridophytic
spores (77%), gymnospermous pollen grains (7.5%)
and angiospermous pollen grains (3.3%) while
dinoflagellate cysts are completely absent. The
frequency of the fungal remains increases (12%) in
this formation. The species recorded are: Notothy
rites settferus, Phragmothyrites eocaenica and Para
microthallites menonii. Like Laisong Formation, this
formation too is rich in trilete spores while the
monolete spores occur in lesser frequency. The
monolete spores recovered from this formation are
represented by Polypodiaceaesporites tertiarus only.
Among the trile[e spores, Striatriletes spp. oc;cur at
all levels of this formation. Striatriletes pachyexinus
(49%) has been recovered only from one sample and
is restricted to this formation. The frequency of
Striatriletes susannae is 60 per cent and at some
levels it increases even up to 78 per cent. Lygodium
sporites spp. and Todisporites major are among the
other significant forms. The gymnospermous pollen
grains are poorly represented in this formation,
being only 7.5 per cent. Polyadopollenites sahii and
Malvacearumpollis sp. are among the important
species of angiospermous pollen grains.
Angiospermous pollen are not repr~sented in the
upper part of this formation.

Renji Formation-In this formation the yield of
palynomorphs was comparatively poor. The
pteridophytic spores (99.4%) form the most
dominant element in this formation while angiosper
mous pollen grains are rare (0.6%). Algal and fungal

,
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remains and gymnospermous pollen grains are
absent. Dictyophyllidites indicus (46%), a trilete
pteridophytic spore, is restricted to this formation.
Striatriletes susannae (40%), Lygodiumsporites laki
ensis (7%) and Todisporites major (6%) are the other
important taxa. The angiospermous pollen grains are
represented by Malvacearumpollis sp. only.

Bhuban Formation-The palynoflora recovered
from this formation is represented by dinoflagellate
cysts (4.3%), fungal remains (5%), pteridophytic
spores (50%), gymnospermous pollen grains 07%)
and angiospermous pollen grains 0.7%). The
dinoflagellate cysts reappear in the lower part of the
Bhuban Formation. Cordosphaeridium inodes and
Homotryblium floripes are the important species.
The fungal remains consist of Notothyrites setiferus,
N. padappakarensis, Parmathyrites ramanujamii,
Phragmothyrites eocaenica, Inapertisporites mioce
nicus, Dicellaesporites spp., Dyadosporonites grandi
porus, Pluricellaesporites spp. and Multicellaesporites
spp. The pteridophytic spores are dominant in the
lower (57%) and upper (66%) members of this
formation whereas in the middle member their
frequency is comparatively less (29%) The genus
Striatriletes occurs in all the samples. Striatriletes
sinuosus is restricted to the lower part (Lubha
Member) only whereas the Surmaspora sinuosa,
Malayaeaspora costata, Biretisporites meghalayaen
sis and Lygodiumsporites donaensis are restricted to
the upper part (Dona Member). In addition, the
frequency of Lygodiumsporites eocenicus decreases
in the lower part, being completely absent in the
middle and finally reappearing in the upper part.
Cyathidites australis, C. minor, Foveosporites
triangulus, Todispori-tes major, T. minor, Polypodia
ceaesporites tertiarus, P. chatterjii, Polypodiisporites
speciosus and P. formosus are some of the other
important species of pteridophytic spores. The
gymnospermous pollen are comparatively better
represented (64%) in the middle levels than in the
lower (23%) and upper (20%) levels of this
formation. Pinuspollenites foveolatus constitutes the
major part (60%) of gymnospermous pollen grains
in the middle levels (Umkiang Member). Abiespolle
nites surmaensis is an important taxon in the Lower
Bhuban Formation but its frequency decreases in the
middle and upper parts of the Bhuban Formation.
Podocarpidites meghalayaensis, Piceapollenites sp.
and Laricoidites punctatus are the other important
forms. The' angiospermous pollen grains show
comparatively higher frequency in the Upper
Bhuban Formation than those in the lower and
middle levels. Couperipollis spp. constitute the
major part of the assemblage. The frequencies of.
Malva-cearumpollis sp. and Echistephanocolpites
megha-layaensis increase in this formation. The
other important taxa are: Verrualetes assamicus,

Retipilonapites delicatissimus and Polyadopolienites
sahii.

Bokabil Formation-The Bokabil palynoflora
consists of fungal remains 0%), pteridophytic
spores (15.8%), gymnospermous pollen grains
(60%) and angiospermous pollen grains (21.2%).
Dinoflagellate cysts are cQillpletely absent.
Monoporisporites sp. is the only fungal species
recorded from this formation. The pteridophytic
spores are represented by Striatriletes susannae,
Lygodiumsporites iakiensis and Polypodiaceaesporites
tertiarus. Among the gymnospermous pollen grains,
Pinuspollenites foveolatus is an important taxon
being represented by (50%). Ot!)er gymnospermous
pollen species present are: Abiespollenites
surmaensis (8%) and Piceapollenites sp. (3%).
Assamiapollenites sp., Couperipollis spp., and
Malvacearumpollis sp. are the angiospermous pollen
genera recorded from this formation.

Palynofloral Comparison

During the last twentyfive years significant
contributions to the Tertiary palynostratigraphy of
Kutch, Meghalaya, Assam, Bengal, Himachal Pradesp
and South India have been made. A comparison o(
the present assemblages with those known from the
above areas has been attempted below.

KUTCH

Kar (1979) reported a rich palynoflora consis
ting of 39 genera and 33 identifiable species, from
the Maniyara Fort Formation (Oligocene) of Kutch,
Gujarat. The palynotaxa common to the Maniyam
Fort assemblage and present Barail assemblage are:
Cyathidites, Lygodiumsporites lakiensis, Todisporites,
Biretisporites, Striatriletes susannae, Polypodiaceae
sporites chatterjii, Polypodiisporites, Podocarpidites,
Couperipollis, Tricolpites, Triporopollenites, Stephan
oporopollenites, Malvacearumpollis, Phragmothyrites
eocaenica, Notothyrites, Kutchiathyrites, Inapertispo
rites, Dyadosporonites, Polysphaeridium and Homo
tryblium. The palynotaxa present in the Maniyara
Fort assemblage but absent from the present assemb
lage are: Punctatisporites, Intrapunctisporis, Toroi
sporis, Leptolepidites, Laevigatosporites, Cheilantho
idspora, Retitricolpites, Trisyncolpites, Araliaceoipol
lenites, Retibrevitricolpites, Paleosantalaceaepites,
Monoporopollenites, Cleistosphaeridium, Spiniferites,
Membranilarnacia, Fromea and Apianosporites. The
palynotaxa present in the Barail assemblage but
absent from the Maniyara Fort assemblage are: Garo
triletes, Gleicheniidites, Corrugatisporites, Foveotri
letes, Pinuspollenites, Piceapollenites, Abiespollenites,
Laricoidites, Verrutricolpites, Bombacacidites inau
sus, Echistephanocolpites meghalayaensis, Polyado-
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pollenites sahii, Dicellaesporites, Multicellaesporites,
Fusljormisporites, Adnatosphaeridium, Cordosphae
ridium, Impletosphaeridium and Frasnacritetrus. A
comparative study reveals that the Maniyara Fort
Assemblage' of Kutch and the present Barail Assemb
lage are mostly comparable qualitatively.

MEGHALAYA-ASSAM

The palynological studies on the Tertiary sedi
ments of Meghalaya and Assam have been carried
out by Biswas (1962), Baksi (1962, 1965), Sah and
Dutta (1966, 1968,1974), Dutra and Sah (1970), Sah
et at. (1970), Salujha et at. (1972, 1973,1974), Singh
(1977a, 1977b), Singh and Singh (1978), Mehrotra
(1981, 1983) and Dutta and Jain (1982). There are
few reports from Upper Assam by Banerjee et at.
(1973), Srivastava 'et al. (1974), Singh and Tewari
(1979), Sah et at. (1980) and Singh and Saxena
(1984). The palynofloras reported by the above
mentioned authors are largely from the Palaeocene
Eocene sediments whereas the reports from the
Oligocene-Miocene sediments are very scanty. A
comparative study of the distributional patterns of
the known Oligocene-Miocene palynofloras from the
Assam Basin is given below:

Banerjee (1964) published some palynotaxa
from the Surma sediments (Miocene) of Garo Hills,
Meghalaya. To make a comparative study of this paly
noflora with the present one, it was thought essen
tial to transcribe various genera described therein to
the equivalent forms in the present assemblage. To
accomplish this objective, the names of the genera
used by Banerjee are given in parentheses. The paly
notaxa in common with the Surma Group of Garo
Hi lis and that of the present section are: Polypodia
ceaesporites =(Psilamoholetes, in Banerjee, pI. 1, fig.
3), Lygodiumsporites = (Retitriletes, in Banerjee, pI. 1,
fig. 4), Todisporites = (Scabratriletes, in Banerjee, pi
1, figs 8, 10), Pinuspollenites and Podocarpidites
= (Saccites, in Banerjee, pI. 2, figs 1-6), Palmidites
maximus (=Monocolpites, in Banerjee, pI. 2, fig. 7),
Echistephanocolpites =(Stephanocolpites, in Banerjee,
pI. 2, fig. 29), Striatriletes and Tricolpites. A compara
tive study reveals that the present Surma assemblage
is closely comparable with that of Garo Hills.

Baksi (1962) described palynomorphs from the
Simsang River Section, South Shillong Front, Megha
laya and recognized four palynozones. Of these, the
third and fourth palynozones were assigned to Olig
ocene and Miocene ages respectively. The present
assemblage and the assemblage of third and. fourth
zones of Simsang River Section have the following
genera in common: Striatriletes, Malayaeaspora
± = Schizaeaceaesporites, Parkeriaceaesporites, in
Baksi, pI. 3, fig_ 41; pI. 5, fig. 54), Cyathidites/Lygo
diumsporites/Todisporites ±=(smooth trilete spores
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of Leiotriletes garoensis, in Baksi pI. 3, fig. 36), Poly
podiisporites tuberculensis =(Polypodiaceaesporites
tuberculensis, in Baksi, pI. 3, fig. 40), Couperipollis
±=(spinose monocolpate pollen in Baksi, pI. 2, fig.
18) and Triporopollenites ±= (triporate pollen, in
Baksi, pI. 3, fig. 33). Besides, conifer pollen grains
and dinoflagellate cystS are also comm6n to the two
assemblages. The palynotaxa present in the Simsang
River Section but absent from the present
assemblage are: gemmate syncolpate pollen,
Meyeripollis, Bau-hinia burdwanensis, Tetradopites,
Tricolpopites, Polygonaceaepites and Densexinos
porites. The palynotaxa present in the present
assemblage but absent from the third and fourth
zones of Simsang River Section are: Biretisporites,
Surmaspora, Gleichenii-dites, Dictyophyllidites,
Garotriletes, Foveosporites, Foveotriletes,
Corrugatisporites, Lycopodiumsporites, Monolites,
Laricoidites, .Retipilonapites, Verrualetes, Palmidites,
Proxaperti tes, Bombacacidiles, Verru tri- colpiles,
Retitrescolpites, Trijossapollenites, Echiste
phanocolpites, Gemmastephanocolpites, Malvacea
rumpollis and Polyadopollenites. The present authors
have established 3 palynozones in the Barail Group
(Oligocene), viz., (i) Polysphaeridium subtile Ceno
zone, (ii) Todisporites major Cenozone, and (iii)
Lygo-diumsporites eocenicus Cenozone which are
broadly comparable to the third palynozone of Baksi
(1962) from the Simsang River Section.

Likewise, the Surma Group (Miocene) strata of
the present investigation is also divided into three
palynozones, viz., (i) Striatriletes sinuosus Ceno
zone, (ii) Pinuspollenites joveolatus Cenozone, and
(iii) Malayaeaspora costata Cenozone. In the fourth
zone of Simsang River Section, the abundant occur
rence of twO-Winged coniferous pollen grains and
the frequent occurrence of ribbed spores (Ceratop
teris type) have been recorded by Baksi (1962). A
comparative study reveals that the Pinuspollenites
= (coniferous pollen, Baksi, pI. 4, fig. 49; pI. 5, fig. 60)
and Striatriletes = (Ceratopteris Baksi, pI. 4, fig. 53)
are present in both the assemblages. So the fourth
zone of Simsang River Section is comparable to the
fourth, fifth and sixth cenozones of the Surma Group
of Sonapur-Badarpur Road Section.

Besides the above, the present assemblage was
also compared with those recorded by Salujha et al.
(1972, 1974 Palaeogene assemblage from Garo Hills
and Jaintia Hills respectively), Salujha et al. (1973,
Surma assemblage from the southern edge of Shil
long Plateau), Sein and Sah (1974, Eocene
Oligocene assemblage from Jaintia Hills), Banerjee
et at. (1973, Oligocene Miocene assemblage from
the subcrops of Upper Assam) and Singh and Saxena
(1984, Neogene assemblage from Jorajan Well-3,
Upper Assam) but none of them was found to be
closely comparable.



PALAEOCLIMATE

Palaeoclimate and Environment of Deposition

The present day distribution of the various fami·
lies represented in the Barail-Surma palynoflora is as
follows:

Cosmopolitan

Polypodiaceae
Osmundaceae
Podocarpaceae
Labiatae
PotamogetO·
naceae
Lycopodiaceae
Malvaceae

Temperate

Pinaceae

Tropical
subtropical

Ophioglossaceae
Cyatheaceae
Schizaeaceae
Parkeriaceae
Palmae
Mimosaceae

Oleaceae
(Tropical-warm
temperate)
Araceae
Bombacaceae

Parkeriaceae, Schizaeaceae, Ophioglossaceae,
Cyatheaceae, MatOniaceae, Gleicheniaceae, Palmae
and Mimosaceae are tropical to subtropical in distri
bution. The family Gleicheniaceae has been recor
ded only from the Barail Group while other families,
viz., Cyatheaceae, Schizaeaceae, Osmundaceae, Mat
oniaceae and Mimosaceae are better represented in
the Barail Group than in the Surma Group. The
spores of Parkeriaceae occur predominantly through
out the Barail·Surma Sequence. Oleaceae which is
subtropical to warm temperate in distribution, is
poorly represented in and restricted to the lower
Bhuban Formation. The tropical·subtropical
elements are thus well represented throughout the
Barail·Surma Sequence. The only temperate family,
viz., Pinaceae, which is represented by
Pinuspollenites, Piceapollenites and Abiespollenites,

MatOniaceae
Gleicheniaceae

The Barail-Surma palynoflora from the Sonapur
Badarpur Road Section, Meghalaya and Assam
consists of dinoflagellate cysts, fungal remains, pteri
dophytic spores, gymnospermous and angiosper
mous pollen grains. Based on the palynoflora I
evidence, an attempt is made here to interpret the
palaeoclimate and environment of deposition
prevalent during the sedimentation of this sequence.

Tropical
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BENGAL BASIN
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Deb (1970) studied the palynology of the Ceno·
zoic sediments of Bengal Basin, south of Calcutta.
She instituted three palynozones for the Miocene,
Pliocene and Quaternary sediments respectively. The
palynozone III (Miocene) contains Striatriletes
= (Ceratopteris, in Deb, pI. 2, fig. 9) and pollen
grains of Coniferae and Palmae which are also
present in the present assemblage.

Baksi (1972) made a detailed palynostratigra·
phic study of the Upper Mesozoic and TertialY
succession of Bengal Basin, subdividing it into 7
palynological zones. Of these, zones IV and V are of
Oligocene and Miocene ages respectively. These
zones possess some palynomorphs which also occur
in the present assemblage, viz., Cyathidites/Lygodi·
umsporites/Todisporites ±= (Leiotriletes garoensis/
Cyathidites minor), Polypodiisporites tuberculensis
± =( Polypodiaceaesporites tuberculensis/Polypodii·
sporites speciosus/P. oligocenicus) , Malayaeaspora/
Striatriletes ± = (Schizaeaceaesporites) , Couperzpollis
=(spinose monocolpate pollen) and Tricolpites. In
addition to these, some dinoflagellate cysts, fungal
spores/discs and conifer pollen are also shared by
the two assemblages. The association of some
important elements like Meyeripollis, abundant
occurrence of small tricolpate pollen and first
appearance of Bauhinia burdwanensis and Barring·
tonia in the Zone IV and V of Bengal Basin have not
been detected in the Oligocene and Miocene sedi·
ments of the present study. Other palynotaxa like
Biretisporites, Dictyophyllidites, Polyadopollenites,
Echistephanocolpites and Maluacearumpollis which
are present in Barail and Surma groups of the
present section are absent from the zones IV and V
of the Bengal Basin. Thus, the two assemblages are
broadly comparable.

The present assemblage was also compared with
Lower Siwalik assemblages from Himachal Pradesh,
Uttar Pradesh and Nepal recorded by Banerjee
(1968), Mathur (1973), Nandi (1975, 1980) and
Saxena et at. (1984); Port Blair Formation (Palaeo·
gene) of Andaman Islands recorded by Banerjee
(1966); and Neogene assemblages of Tamil Nadu
and Kerala recorded by Ramanujam (1960, 1966),
Navale (1962), Jain and Gupta (1970), Deb (1972),
Ramanujam and Rao (1973, 1977), Venkatachala and
Rawat (1973), Rao and Ramanujam (1978, 1982),
Navale and Misra (1979), Jain and Kar (1979), Kar
and Saxena (1981), Ambwani et at. (1981) and
Srisailam et al. (1981). It has been observed that
these assemblages are not comparable with the
present ones, hence their detailed account has not
been given.
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occurs sporadically in the Barail Group (Oligocene)
and attains predominance throughout the Surma
Group.

Lakhanpal (1970), on the basis of palaeobotani
cal evidences, envisaged that the Palaeogene and
Neogene floras in the Indian subcontinent were pre
dominantly tropical. The occurrence of Pinus pollen
grains (a temperate genus) in the latter may be inter
preted as coming in from higher altitudes of tempe
rate climate. The above observation is amply suppor
ted by the present palynofloral data too.

The present assemblage, as a whole, is domina
ted by pteridophytic spores (62 %) indicating warm
humid condition. This is also supported by the
occurrence of epiphyllous microthyriaceous fungi,
viz., Phragmothyrites, Notothyrites and Parmathyrites.

It may, therefore, be concluded that the area of
present study enjoyed a mainly tropical-subtropical
climate during the Oligocene-Lower Miocene time.
The rich representation of pinaceous pollen grains
in the Surma Group may be due to their derivation
from the nearby upland region. A gradual cooling of
the climate in the Miocene epoch may also be partly
responsible for their occurrence. It appears likely
that the Himalayan chain in the north of present area
would h::lVe been suffiCiently high during the Mio
cene to support the pinaceous elements.

ENVIRONMENT OF DEPOSITION

The oldest sediments of the present sequence,
i.e. lower Laisong Formation (Polysphaeridium sub
tile Cenozone) consist of pteridophytic spores, gym
nospermous pollen and dinoflagellate cysts. The
dinoflagellate cysts are dominant in the lower part of
the Barail Group, decrease in its middle and upper
parts and again become important in the lower
Bhuban Formation. The pteridophytic spores, mainly
represented by Striatriletes are dominant throughout
the sequence. The gymnospermous pollen exhibit
low frequency in Barail Group while in the younger
sediments, viz., Bhuban and Bokabil formations,
they are encountered in very high frequency.

The dinoflagellate cysts are dominant in the
lower part of the Barail Group and continue to be
represented in the present sequence up to Lower
Bhuban Formation indicating the prevalence of
coastal marine environment of deposition. Palmidi
tes maximus, Couperipollis ramanujamii and C.
donaensis show proximity to the shore line. These
as well as the fresh 'water elements, viz.,
Retipilonapites (Potamogetc naceae), Proxapertites
and Assamiapollenites appear to have been
transported to the site of deposition.

Age of the sediments

Limited efforts have so far been made on the
palynological studies of the Barail and Syrma groups
(Baksi, 1962, 1965; Banerjee, 1964; Salujha, Kindra &
Rehman, 1972, 1974; Salujha, Rehman & Kindra,
1973; Singh & Tewari, 1979). These papers have
mainly concentrated Of! the systematic description of
the palynoflora and its stratigraphic and palaeoeco
logical significance. The interpretation regarding age
of these sediments, on the basis of palynofossils has
not so far been attempted. An attempt is therefore
made here to assess the age of these sediments on
palynological evidence.

Barail Group-The palynoflora recorded here
fro.m the Barail Group is characterized by Adnatos
phaeridium vittatum, Polysphaeridium subtile, Bireti
sporites oligocenicus, Dictyophyllidites indicus and
Striatriletes pachyexinus. These forms do not extend
to the Surma Group. The present assemblage has
been compared with the Oligocene assemblages
described from Kutch (Kar, 1979) and Bengal Basin
(Baksi, 1972). Out of 39 palynomorph genera recor
ded from the Maniyara Fort Formation (Oligocene)
of Kutch, 19 genera are also found in the present
assemblage. Similarly, most of the important taxa
from the palynological zone IV (Oligocene) of
Bengal Basin (Baksi, 1972) are also encountered
herein. Thus, the present Barail assemblage is also
aSSignable to Oligocene age.

Surma Group-The palynoassemblage recorded
from the Surma Group of the present section is
characterized by Lygodiumsporites donaensis, Surma
spora sinuosa, Biretisporites meghalayaensis, Stria
triletes sinuosus, Malayaeaspora costata, Polypodia·
ceaesporites chatterjii, Polypodiisporites jormosus,
Couperipollis donaensis, C. ramanujamii, Assamia
pollenites sp. and Malvacearumpollis sp. The Surma
Assemblage also shows the predominance of Pinu
spollenites, Abiespollenites and Piceapollenites.

Among the other known Miocene palynofloras
from Bengal (Deb, 1970; Baksi, 1972), Meghalaya
(Banerjee, 1964; Salujha et al., 1973), Tamil Nadu
(Navale, 1962; Ramanujam, 1966; Venkatachala &
Rawat, 1973; Navale & Misra, 1979) and Kerala
(Ramanujam, 1960; Jain & Gupta, 1970; Ramanujam
& Rao, 1973, 1977, 1978; Rao & Ramanujam, 1976,
1978, 1982; Jain & Kar, 1979; Kar & Jain, 1981;
Ramanujam et at., 1981), the palynofloras from
Meghalaya are favourably comparable with the
present Surma mioflora. The rich representation of
the bisaccate pinaceous pollen in these floras is
particularly significant in this connection. Hence the
present Surma mioflora is assignable to Miocene age.
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Palynology of Kamthi Formation from Chelpur Area,
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Srivastava, Suresh C. & Jha, Neerja (1987). Palynology of Kamthi Formation from Chelpur Area, Godavari
Graben, Andhra Pradesh, India. Palaeobotanist 35(3) : 342-346.

Palynofossil assemblages recovered from the subsurface sediments of Chelpur area in the Godavari Graben of
Kamthi Formation have been studied. It is deduced that the palynoflora is characterised by· the dOllllnance of
striate-disaccate pollen. Densipollenites is nearly absent. The palynoflora has been compared with the known Lower
Kamthi palynoflora in Ramagundam area ofGodavari Graben and also with Raniganj palynoflora of Damodar Valley
coalfields. The recovered palynoflora indicates Late Permian age.
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KAMTHI Formation was named by Blanford (1868)
after the military station Kamthi (20 0 10' : 79 0 15')
close to NagpuL These rocks are exposed extensi
vely in Wardha-Godavari Valley in Maharashtra and
Andhra Pradesh. In Godavari Graben these sedi
ments are present in subsurface in Chelpur, Rama
gundam, Mantheni, Indaram, Kundaram, Jaipuram,
Ramkrishnapuram, Manuguru and near Siripuram
areas.

A brief report of the presence of pteridophytic
spores and, striate-disaccate pollen was made by
Ramanamurty (1979). Thereafter, the palynofloras of
Kamthi Formation have been studied in detail from
Ramagundam area (Bharadwaj et aI., 1984; Bharadwaj
et aI., in press). In the same pursuit, the present
investigation has been extended to Chelpur area of
Godavari Graben.

LITHOLOGY OF KAMTHI FORMATION

On the basis of lithological attributes the Kamthi
Formation has been divided into three members
Lower, Middle and Upper. The Lower Member con
sists of medium-grained greyish white, calcareous
sandstone and a few coal seams. The Middle Member
consists of alternating sequence of medium-grained
grey white sandstone and shales/variegated clays.
The sandstone and shales exhibit greenish tint at
places. This member is devoid of coal seams. The
Upper Member comprises coarse-grained sandstone
and bands of ferruginous sandstones and brick-red
siltstone. The sandstone is characterised by bands
of pebble or conglomerates. In Chelpur area (bore
hole Gj-3) the Lower Member (± 231.93 m)
consists of medium to coarse-grained white sand-
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stone including black shale, grey shales and a
number of coaly horizons at various levels. The
overlying Middle Member is developed to a limited
extent 06.65 m) and includes greenish coarse
grained ferruginous sandstone. The underlying
Barren Measures Formation shows a gradational
contact.

MATERIAL AND METHOD

The material (bore-hole no. Gj-3) for the pre
sent study was supplied by Geological Survey of
India from Chelpur area of Godavari Graben. The
bore-hole penetrates the Kamthi Formation and
closes at 417.60 m in Barren Measures Formation. In
all, 14 samples were macerated and heavy liquid
solution was used to remove silica wherever needed.
The details of samples are given in Histogram 1.

PALYNOFOSSIL ASSEMBLAGES

The quantitative and qualitative distribution of
miospore genera shows following assemblage in the
bore-hole Gj-3.

Assemblage-A

Only one assemblage is present in bore-hole Gj
3 between 272.00 to 84.50 m (sample nos. 4-9). The
assemblage is characterised by the dominance of
striate-disaccates like Faunzpol!enites and Stria
topodocarpites while Scheuringipol!enites marks the
subdominance. Appearance of Lunatisporites, Cori
saccites, Guttulapol!enites, Crescentipol!enites, Verti
cipol!enites, Alisporites, Falcisporites, Vitreisporites,
Chordasporites, Gondisporites, Osmundacidites and
Polypodiidites is the characteristic feature of this
assemblage. Densipol!enites is very rare. In some
samples Striatopodocarpites is dominant while in
others Faunipol!enites is the dominant element, but
as a whole striate-disaccate forms the dominant com
ponent of the assemblage. Few triletes like Brevitri
letes, Microbaculispora, Calamospora, Lophotriletes,
Osmundacidites, Microjoveolatispora, Indotrirq,dites,
Gondisporites, Verrucosisporites are present but their
percentage gradually decreases upwards. Taeniate
genera vary from 1-5 per cent. Monosaccates are very
rare in occurrence. A detailed list of species present
in this assemblage is as follows:
Indotriradites sparsus Tiwari 1965

I. korbaensis Tiwari 1964
Gondisporites sp.
Lophotriletes rectus Bharadwaj & Salujha 1964
Horriditriletes ramosus (Balme & Hennelly) Bhara
dwaj, & Salujha 1964

H. rampurensis Tiwari 1968
H. concavus Maheshwari 1969

Brevitriletes unicus (Tiwari) Bharadwaj & Srivastava
emend. Tiwari & Singh 1981

B. communis (Tiwari) Bharadwaj & Srivastava
emend. Tiwari & Singh 1981

Microbaculispora tentula Tiwari 1965
Microjoveolatispora joveolata Tiwari emend. Tiwari
& Singh 1981 .
Calamospora exila Bharadwaj & Salujha 1964
Osmundacidites indicus (Singh, Srivastava & Roy)
Srivastava & ]ha (MS)
Verrucosisporites surangei Maheshwari & Benerji
1974
Laevigatosporites colliensis (Balme & Hennelly)
Venkatachala & Kar 1968
Polypodiidites perverrucatus Couper 1953
Densipol!enites indicus Bharadwaj 1962

D. densus Bharadwaj & Srivastava 1969
D. invisus Bharadwaj & Salujha 1964

Weylandites circularis Bharadwaj & Srivastava 1969
W. minutus Bharadwaj & Srivastava 1969
W. obscurus Bharadwaj & Srivastava 1969

Caheniasaccites distinctus (Lele & Makada) Sri-
vastava & ]ha (Ms)
Parasaccites dzjjusus Tiwari 1965
Virkkipol!enites orientalis Tiwari 1968
Trochosporites sp.
Lueckisporites crassus Sinha 1972

L. microgranulatus Klaus 1963
Lueckisporites sp.

Guttuln.pol!enites hannonicus Goubin 1967
Lunatisporites dijjusus Bharadwaj & Tiwari 1977

L. pel!ucidus (Goubin) Maheshwari & Banerji 1974
L. ovatus (Goubin) Maheshwari & Banerji 1974

Corisaccites alutus Venkatachala & Kar 1966
Striatites rhombicus Bharadwaj & Salujha 1964

S. solitus Bharadwaj & Salujha 1964
S. communis Bharadwaj & Salujha 1964
S. tentulus Tiwari 1965
S. obliquus Srivastava 1979

Lahirites levicorpus Tiwari 1968
L. rarus Bharadwaj & Salujha 1964

Faunipol!enites varius Bharadwaj 1962
F. singrauliensis Sinha 1972
F. parvus Tiwari 1965
F. bharadwajii Maheshwari 1967
F. copiosus Bharadwaj & Salujha 1965

Striatopodocarpidites dijjusus Bharadwaj & Salujha
1964

S. rotundus (Maheshwari) Bharadwaj & Dwivedi
1981.
5. decorus Bharadwaj & Salujha 1964
5. labrus Tiwari 1965
S. subcircularis Sinha 1972
S. tiwarii Bharadwaj & Dwivedi 1981
S. globosus (Maheshwari) Bharadwaj & Dwivedi
1981

Strotersporites sp.
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Crescentlpollenites gondwanensis (Maheshwari)
Bharadwaj, Tiwari & Kar 1974

C. fuscus (Bharadwaj) Bharadwaj, Tiwari & Kar
1974
C. implicatus (Bose & Maheshwari) Tiwari & Rana
1980

Schizopollis extremus Venkatachala & Kar 1964
Striapollenites saccatus Bharadwaj 1962
Verticipollenites erassus Bharadwaj & Sallljha 1964

v. secretus Bharadwaj 1962
V. gibbosus Bharadwaj 1962

Distriatltes insolitus Bharadwaj & Sallljha 1964
Marsupipollenites fasciolatus Balme & Hennelly 1956
Limitisporites rectus Leschik 1956
Scheuringlpollenites maximus (Hart) Tiwari 1973

S. minutus (Sinha) Bharadwaj & Dwivedi 1981
S. tentulus (Tiwari) Tiwari 1973

lbisporites diplosaccus Tiwari 1968

1. jhingurdahiensis Sinha 1972
Platysaccus plicarus Bharadwaj & Dwivedi 1981

P papilionis Patonie & Klaus 1954
Primuspollenites levis Tiwari 1964

P distinctus Sinha 1972
P Obscurus Tiwari 1965

Paravesicaspora brevis (Sinha) Bharadwaj & Dwivedi
1981

P ovata (Balme & Hennelly) Bharadwaj &
Dwivedi 1981

Falcisporites nuthallensis (Clark) Balme 1970
F. stabilis Balme 1970

Chordasporites australiensis de Jersey 1962
Vitreisporites pellidus (Reissinger) Balme 1970
Alisporites indarraensis Segraves 1969
Maculatasporites gondwanensis Tiwari 1965
Leiosphaeridia talchirensis Lele & Karim 1971
Pilasporites sp.

I
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COMPARISON

The present assemblage compares well with
Assemblage 1 of bore-holes GGK-20 and GGK-27 in
Ramagundam area within the basin (Bharadwaj,
Srivastava, Ramanamurty & ]ha, in press) in almost
all respect, i.e. in the dominance of striate-disaccate
pollen, subdominance of Scheuringzpollenites and
presence of some younger forms like Falcisporites,
Vitreisporites, Lunatisporites, Alisporites, Chorda
sporites and Crescentipollenites.

Assemblage-A compares with the palynoflora of
]hingurdah seam in Singrauli Coalfield (Tiwari &
Srivastava, 1984) in the occurrence of younger ele
mems like Falcisporites, Gondisporites, Lunatispo
rites and Corisaccites besides the dominant striate
disaccates. Densipollenites is characteristically spor
adic in both the assemblages. Assemblage-A of bore
hole Gj-3 can also be compared with the Raniganj
palynoflora of Auranga Coalfield (Lele & Srivastava,
1979), Assemblage 1 of bore-hole RAD-2 (Singh &
Tiwari, 1982), Assemblage 2 of bore-hole RNM-3
(Rana & Tiwari, 1980) and Assemblage II of bore
hole RNM-2 (Tiwari & Rana, 1984) from East
Raniganj Coalfield in having dominant striate
disaccates. H6wever, some younger forms which
appear in Lower Kamthi Member of Godavari Graben
are absent in Raniganj palynoflora of Raniganj and
Aurariga coalfields. Also Densipollenites is better
represented in Assemblage 2 of RNM-3 and
Assemblage II of RNM-2 in East Raniganj Coalfield.

The presence of Scheuringipollenites in higher
percentages in association with striate-disaccates
simulates a Barakar-like affinity but such occurrence
has also been observed in bore-hole GGK-27 in
Ramagundam Area. However, the presence of
Lunatisporites (1 5%), Guttulapollenites (1-3%),
Falcisporites (1-2%), Vitreisporites (1%), Chorda
sporites (1 %), Osmundacidites (l %), Gondispontes
(2%) suggests a younger aspect to the present assem
blage. Verrucosisporites surangei, Lunatisporites
pellucidus and L. ovatus present in Maitur Forma
tion of Damodar Valley (Maheshwari & Banerji,
1974) are also present in the Assemblage A of
Chelpur.

COMPARISON OF PALYNODATA WITH
LITHODATA

The older samples of the bore-hole Gj-3, i.e. at
the level of 382-298.90 m, are lithologically of
Barren Measure Formation. These have not yielded
miospores in countable percentage. Lower Kamthi
Member has been marked lithologically at the levels
of 280.33-67.45 m, while Middle Kamthi Member
above the level of 67.45 m. But the palynoflora
found in the samples supposed to be from Middle

Kamthi Member is the same as in Lower Kamthi
Member. Thus, only one palynological assemblage
of Lower Kamthi Membex has been found in the
bore-hole. Hence, the palynodata do not correspond
with the Iithodata. The non-correspondence
between the two parameters may be due to the well
recog-nised fact that lithologically the transition
between succeeding formations are often not clearly
demar-cated, being mostly gradational.

DISCUSSION

The samples from the bore-hole G]-3 have
yielded good results. There are a number of
miospore genera in high percentage which would
apparently suggest a Barakar affinity, but the
presence of striate-disaccate grains alongwith
younger forms allienates the present samples more
closer to the Kamthi palynoflora as has been found
in bore-hole GGK-20 and GGK-27 by Bharadwaj, Sri
vastava, Ramanamurty and ]ha (in press).

Thus, the palynoflora characterised by the
dominance of striate-disaccate (Faumpollenites &
Striatopodocalpites), subdominance of Scheuringi
pollenites and appearance of younger forms like
Gu ttu lapollen ites, Falcisporite s, A lisporites,
Vitreisporites, Chordasporites, Lunatisporites,
Crescentipollenites, Verticipollenites, Gondisporites,
Osmundacidites and Polypodiidites is dated to be
eqUivalent to Lower Kamthi Member. The palyno
flora of Middle Kamthi Member has not been
obtained in this bore-hole. When compared with the
known Kamthi mioflora in Ramagundam area of
Godavari Graben and also with the Raniganj palyno
floras of Damodar Valley coalfields, a Late Permian
age is suggested for the levels under study.

CONCLUSION

The existence of Lower Kamthi palynoflora in
Chelpur area of Godavari Graben has been establi
shed on the basis of dominance of striate-disaccates
and subdominance of nonstriate-disaccates. Late
Permian age has been suggested for Lower Kamthi
Member on the basis of palynological studies.
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Late Precambrian microfossils from Deoban Limestone
Formation, Lesser Himalaya, India
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Shukla, Manoj, Tewari, V. C & Yadav, V. K. (1987). Late Precambrian microfossils from Deoban Limestone
Formation, Lesser Himalaya, India. Pa/aeohotanist 35(3) : 347-356.

A well·preserved microbiOla consisting of filamentous Cyanobacteria, viz., Oscillatoriopsis, Cyanonema,
Siphonophycus, EomycetOpsis, Gunflintia and Animiktea; spheroidal unicells, viz., G/enohotrydion, Glohophycus,
Sphaerophycus and Myxococcoides; Eubacteria, viz., Archaeotrichion, Biocatenoides; and acritarch C'plank[Qn)
Kildinosphaera, is described from petrographic thin sections of cherts from the Deoban Formation, Garhwal Lesser
Himalaya. The assemblage has been compared with Olher authentic Proterozoic records. The palaeomicrobial
communiry is interpreted [Q have inhabited protected shallow intertidal environment.

Key-words-Palaeoecology, Cyanobacteria, Spheroidal unicells, Eubacteria. Lesser Himalaya, Precambrian
(India)

MarlO} Shukla & V. K. Yadav, Birbal Salmi Institute of Palaeobotany, 53 University Road, Lucknow 226007,
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LATE Proterozoic microbiota is known from over 150
localities establishing considerable biological
diversity and ecological variability_ FossiliferOUS
Proterozoic formations are known from Australia,
Canada, Africa, Greenland, India, USA, USSR and
China, which contain authentic biota both as
carbonised remains from shales and per·
mineralised from cherts. The chert biotas are
three dimensionally preserved in fine grained chert
matrix permitting an indepth study of the
morphology and compleXities achieved by the
organism. The synsedimentary nature is established
by evaluation of the relationship between mineral
matrix and microbiota in petrographic thin sections

while the acid resistant biotic remains known from
shales do not have any direct evidence of their being
synsedimentary in nature, however, the relationships
is only implied.

The present paper deals with three
dimensionally preserved carbonaceolls remains from
stratified and lensoid black chert in Deoban
Limestone near Chakrata area. This sedimentary
sequence exposed in the inner sedimentary belt of
Lesser Himalaya is characterised by siliciclastic
carbonate sequence with profuse development of
columnar stromatolites.

Kumar and Singh (1979a) recorded microbiota
from this area in petrographic thin sections. Thev
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Kumaon was designated as the Gangolihat Dolomite
by Valdiya (1969). Detail geology of the area is
discussed by Prashra (1977), Valdiya (1980) and
Srikantia and Bhargava (1982). Valdiya (1969) on the
basis of specific forms of stromatOlites and
lithological similarities correlated Deoban
LimestOne with Gangolihat Dolomite, Shali
Formation of Satluj Valley, Dharamkot limestOne of
Dharamsala area and Jammu limestOne of Riasi area
in the Lesser Himalaya.

No direct radiometric date is available for
Deoban LimestOne Formation. However, Valdiya
(1986) assigned approximately 1,000 Ma age to these
beds on the basis of correlation with Jammu
Limestone. Raha el al. (1978) gave Pb/U dates based
on Galena of 967 Ma for the Jammu limestOne. Late
Precambrian columnar stromatolites in Deoban
Limestone have been recorded by Valdiya (1969),
Prashra (1977) and Kumar and Singh (l979b).
However, Sinha and Raaben (1981) recorded Lower
Cambrian stromatOlites from this area. Tewari (1983,
1984) in a detailed systematic study of stromatOlites
from Kumaon Himalaya has assigned Lower·Middle
Riphean age to Deoban Limestone Formation based
on Kussiella-Conophyton-Baicalia Assemblage (Text
fig. 2).

~ Chokroto Siotes

c=J Jaunsor Group

Ed Ceaban Limestone

o 5 IOKm
~ ~ ~I I I I

GEOLOGICAL SETTING AND AGE

Text-figure I-Geological map of Deoban area shOWing the
locality.

Deoban Limestone Formation is extensively
developed in Deoban mountain (30°45' : 77°54'),
north of Chakrata (Text-fig. 1) in Garhwal Lesser
Himalaya. It was first designated by Oldham (1883)
for a sequence of pale-grey Jolomitic limestOne with
cherty concretions occuring north of Chakrata. It
comprises thick succession of stromatOlitic
dolomite, dolomitic limestOne, cherry limestOne,
oolitic intraclastic limestone and slates (Text-fig. 2).
The Deoban Limestone overlies the Atal Quartzite in
Tons Valley and is overlain by Mandhali Slate and
Limestone and the contact is normal gradational.
However, Prashra (1977) marked a thrust contact in
Tons area where the Subathus (nummulites) and
Simla Slate are found along the thrust plane. The
Deoban Group in the area, north of Deoban belt, is
unconformably succeeded by the Mandhali
Formation of Jaunsar Group.

Thin layers and lenses of black chert, which
hfl.ve yielded microfossils, occur in the limestOne
bed shOWing development of stromatolites (Text-fig.
2). The thickness of the chert layers varies from 1
mm to 10 em. The limestone show prolific
development of columnar stromatolites. The
extension of Deoban Limestone in south-eastern

have reported three forms namely Glenobotrydion
majorinum Schopf & Blacic, Huronispora sp.
Awramik & Barghoorn and Eomycelopsis jilijormis
Schopf. However, detailed descriptions of these
forms are lacking. A detailed systematic analysis of
morphological types present in these cherts, their
affinities and comparison with other microbiota and
palaeoecological analysis have been attempted in
this paper.
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l

SYSTEMATICS

The fossil taxa described here have been
recorded through the srudy of petrographiC thin
sections of black chens under transmined lighL
Morphologically they can be classified inw
filamems, coccoids, lObular sheaths and fine thread
like forms. The forms are grouped here under the
existing fossil taxa w facilitate comparison wi th
other known Proterozoic microbiota. The affinity of
these forms have been discussed separately. The
type and figured specimens are deposited in the
reposiwry of Birbal Sahni Institute of Palaeobotany,
Lucknow.

Genus-Eomycetopsis Schopf 1968

Eomycetopsis robusta Schopf 1968 emend. Knoll &
Golubic 1979

PI. 1, figs 10, 11, 17, 20

Descnption-Nonseptate, unbranched, panially
flattened tubular sheaths with circular to elliptical
cross section, 2.5-5 /-Lm in diameter and 120 /-Lm in
length. Surface texture coarsely granular.

Genus-Sipbonopbycus Schopf 1968

Siphonophycus kestron Schopf 1968
PI. 1, figs 8, 14

DescnpUon-Nonseptate, unbranched, tubular
or cylindrical sheaths, 8-18 /-Lm wide and up to 140
/-Lm long (incomplete specimen). Straight w slightly
beN, surface texture rugose.

Genus- OsciUatorlopsis Schopf 1968

Oscillatoriopsis media Mendelson & Schopf 1982
PI. 1, figs 1, 22

Description-Mu I tice II u la r, un ise ria te,
unbranched trichomes 8-12 /-Lm wide slightly
tapering wwards apices, generally not constricted at
septa, cross walls distinct, somewhat granular, disc
shaped, cells more closely spaced near apices than
in medial portion 3-4 /-Lm in diameter. Sheath absent.
Poorly preserved with smaller cells in apical pan.

Genus~Cyanonema Schopf 1965

Cyanonema sp.
PI. 1, fig. '18

Description-Sharply curved, up w 120 /-Lm long
(inocomplete specimen) multicellular, uniseriate,
unbranched, trichomes not at all constricted at septa,
cross walls distinct, sheath absent. Trichome not
capitate, solitary, or in mesh like mass. Cells
commonly as long as wide (28-35 /-Lm) Apical cells
are considerably smaller than medial cells.
Reproductive structures unknown.

Genus- GunfUntia Barghoorn 1965

GunJlintia minuta Barghoorn 1965
PI. 1, figs 2, 3, 4, 5, 6, 9, 12, 13, 15

Descnption-Unbranched, uniseriate, straight or
curved filamems up w 350 /-Lm long and 1 to 4 /-Lm in
diameter. Transverse septa and reproductive
structures are not recognisable.

Genus-Animikiea Barghoorn 1965

Animikiea septata Barghoorn 1965
PI. 1, fig. 21

DeSCription-Multicellular unbranched fila
ments up to 120 /-Lm long and 8-12 /-Lm wide, straight
or curved, with closely spaced transverse septae.
Individual cells much wider than long. Enclosing
sheath distinct, surface texlOre granular.

Genus-Myxococcoides Schopf 1968

Myxococcoides minor Schopf 1968
PI. 2, fig_ 8

Description-Spheroidal or ellipsoidal cells 8 to

12 /-Lm in diameter, occasionally diswned and
flattened due to mUlOal compression, solitary or
clumped in globular colonies. Number of cells differ
in colonies. Surface texture varies from psilate w
reticulate. Cell wall distinct and about 0.5 /-Lm thick.

Genus-Spbaeropbycus Schopf 1968

Sphaerophycus paruum Schopf 1968
PI. 2, figs 11-18

Description-Spheroidal or ellipsoidal cells
with 2-4.2 /-Lm in diameter, commonly solitary or
sometime in groups of three, four, eight or more,
surface texture commonly pSi late, occasionally
granular. Sheaths encompaSSing cells occasionally
present. Reproduction apparently by fission,
followed by separation of resulting daughter cells.

Genus-Melasmatospbaera Hofmann 1976

Melasmatosphaera media Hofmann 1976
PI. 2, figs 2, 3

Description-Cells spheroidal, solitary,
occasionally double-walled, diameter 15·20 /-Lm,
containing numerous scattered or clustered
submicron to micron sized granules.

Genus- Glenobotrydion Schopf 1968

Glenobotrydion aenigmatis Schopf 1968
PI. 2, figs 1, 19, 20

Descnption-Spheroidal or ellipsoidal cells, in
losely associated groups, diswned by mUlOal
compression. Ranging from 8-10 /-Lm in diameter. A
small circular organic structure eccemrically placed
on inner surface of cell wall; amber w black
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coloured intracellular body, 05 to 2.0 J.Lm in
diameter.

Glenobotrydion majorinum Schopf 1971
PI. 2, figs 6. 7

Description-Solitary spheroidal, undistorted
cells, 20·35 J.Lm in diameter, sheath not present,
circular organic body with 3·4 J.Lm diameter present
on inner surface of cell wall, or near centre.

Genus- Glohopbycus Schopf 1968

Globophycus sp.
PI. 2, figs 4. 9, 10. 21

Description-Large, spheroidal, solitary, light
coloured, thin·walled cells ranging in diameter from
18·20 J.Lm, encapsulating darker, thick·walled
spheroids with 5·7 J.Lm in diameter. Inner spheroids
detached fr.~)111 the outer spheroid and has more
irregular configuration. Reproductive structure
unknown.

Genus-Arcbaeotrlcbion Schopf 1968

Archaeotrichion sp.
PI. I, fig. 7

Description-Solitary or irregularly entangled,
narrow, sinuous, nonseptate, unbranched, flexed,
twisted and compressed rubes, up to 150 J.Lm long, 2
4 J.Lm wide and about 1/2 J.Lm thick.

Genus-Biocatenoides Schopf 1968

Biocatenoides sp.
PI. 1, figs 16, 19

Description-Slender, chain·like, unbranched
filamentous colonies, composed of rod·shaped or
coccoid cells, uniseriate, less than 0.5-2 J.Lm broad,
colonies thread·like, often sinuous or recurved, up
to 150 J.Lm long. Reproductive structures unknown.

Genus-Kildinospbaera Shepeleva & Tlmofeev 1963
emend. Vidal 1963

Kildinosphaera sp.
PI. 2, fig. 5

PlATE 1

Filamentous microfossils from lhin sections of Deoban chens.

Description-Spheroidal vesicles up to 260 J.Lm
in diameter, thick·walled, wall psi late and
characteristically folded and wrinkled.

MICROBIOTA-COMPARISON AND AFFINITIES

Comparison

The microbiota comprises multicellular septate
trichomes, tubular remnants, spheroidal cocco ids
with or without eccentrically placed intracellular
dark bodies; narrow thread·like filaments and
?plankton associated with dark brown to black
organic residue disseminated in the rock matrix.
Spheroidal structures are dominantly present in
bedded cherts while filaments dominate the chert
lenses. Table 1 gives a comparative account of the
Deoban m icrobiota wi th other records.

Microbiota of Deoban cherts and Bitter Springs
Formation (Barghoorn & Schopf, 1965; Schopf 1968;
Schopf & Blacic, 1971) of Central Australia are
remarkably similar. Both deposits contain well
preserved filamentous and spheroidal unicells. Ten
Deoban taxa are morphologically comparable to the
ones recorded from the Bitter Springs Formation.
Four of these genera are filamentous cyanobacteria,
Viz., OscilJatoriopsis, Cyanonema, Siphonophycus and
Eomycetopsis and four genera of spheroidaluniceJls,
viz., Glenobotrydion, Globophycus, Sphaerophyclls
and Myxococcoides. Two genera of Eubacteria, viz.,
Archaeotrichion and Biocatenoides are common to
both. However, the Bitter Springs microbiota is
dominated by septate filamentous trichomes, which
in Deoban is represented only by Oscillatoriopsis
media and Cyanonema sp. The Deoban microbiota
is domjnat~d by coccoid and nonseptate filamentous
forms.

Eomycetopsis, an abundant and cosmopolitan
component of the Proterozoic microbiota, is
recorded from most of the Proterozoic deposits of
the world (see Mendelson & Schopf, 1982). In India,
this genus is recorded from Kheinjua Formation
(Kumar, 1978; McMenamin ef aI, 19R3), Suket Shale
(Maithy & Shukla, 1977) of Lower Vindhyan and

1, 22.
21
18
10, 11,
17, 20

Oscillaloriopsis media, Slide no. BSJP 9628., 500.
Animikiea seplala,. Slide no. BSIP 9629' 1000.
Cyanonema sp., Slide no BSJP 9629' 1000.
Eomycelopsis robusIa, filamentous colony of E.
robllsla. nOte three dimensionally preserved tubular
filament (fig 10) haVing circular opening. Slide nos.
BS)P 9628, 9629. 9630: fig. 10, 1000; figs 11. 17, 20.'
500.

2·6, 9,
12,13,15
8, 14.

7.

16, 19

Gunflinlia minula. Slide nos. BSIP 9628. 9629.
figs 2, 3,4, 13, 15. '500, figs 5, 6, 9, 12, 1000
Siphonophyclls keslron, possible empty sheath of
Oscillaloriopsis media. Slide no BSIP 9628., 500.
Arcbaeo/richion canlor/um, possible bacteria or
nattened "Eomycelopsis filiformls", Slide no. BSIP
9628 x 1000
Biocalenoides sp., Slide nos BSIP 9628, 9629.' 1000.
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Gangolihat Dolomites (Nautiyal, 1978 a, b, c, 1980).
The authenticity of Eomycetopsis from Gangolihat
Dolomite has been questioned by Mendelson and
Schopf (1982). Banerjee (1973) recorded a single
specimen of Eonzycelopsis (20·25 .um across) from
Aravalli Supergroup. This specimen does not fall
wi th in the si ze range of E. robllsta described from
the Deoban LimestOne.

GunJlinlia minUla and Animikea seplala, first
described from 2,000 Ma old Gunflint Iron
Formation (Barghoorn & Tyler, 1965), are also
recorded from the Deoban cherts. Probably due to

post depOSitional diagenesis of organic matter
septae are not clearly visible. Morphotype similar to

GunJlintia minUla have also been recorded from
Kheinjua Formation of Lower Vindhyan (McMenamin
et aI., 1983). Chroococcacean spheroidal unicells,

Myxococcoides and Sphaerophycus without
intracellular organelles·like bodies are present in
Bitter Springs (Schopf, 1968; Schopf & Blacic, 1971),
Balbirni Dolomite (MUir, 1974, 1976), HYC Pyrite
Member (Oehler, 1977), Amelia Dolomite, Australia
(Oehler, 1978) and Belcher Supergroup (Hofmann,
1976), Canada. Narrow thread·like filamentous
Biocatenoides are comparable to similar forms
recorded from Bitter Springs (Schopf, 1968; Schopf
& Blacic, ] 971) and Belcher Supergroup (Hofmann,
1976). Biocalenoides and Archaeotrichion recorded
from HYC Pyrite Member of McArthur Group;
Sukhaya Tunguska, Shorikha and Yudoma Formation
of Siberian Platform, forms significant components
of the Deoban biota (for detailed comparison see
Table 1).

Table 1

Deoban chens Biner Siberian Balbimi HYC- Amelia Belcher Gunflint
Springs platform Dolomite Pyritic Dolomite Super Iron

Formation McArthur Shale Group Formation
Group Member

2 3 4 5 6 7

Arcbaeolrichion conl0l1um S G G

Biocalenoides sp. G G G

Myxococcoides minor S G G G S

Sphaeropbycus parvum S S 5 S S G

Melasmalospbaera media S

Glenoborrydion aenigmalis S G S

G majOrinum S S

Giobopbycus sp. G G G

OscilialOriopsis media G S G

Sipbonopbycus kesrron S G

Cyanonema sp. G G G

Eomycelopsis robusta S S G G G

Gunflintia minula S S

Animikiea seplata S

G =Genus present; S =Species present

PLATE 2

SpherOidal m(crofossils from thin sections of Deoban chens. 10, 21.
11-18. Sphaerophycus parvum, shOWing probably cell

division. Note cells in pair (fig. 11 and in tetrad 2, 3.
fig. 16), Slide no BSIP 9628. x 1000.

1, 19, 20. G/enobolrydion aenigmalis, Note eccentrically 5.
placed, black pyrenoid·like intracellular bodies at
(he bOHom of fig. 1 ellipsoidalcellhaslargerdimension 6,7
of pyrenoid·like intracellular body. Slide no. BSIP
9628. x 1000. 8

4, 9, G/obopbycus. arrow in fig. 9 points possible thread-

like bacteria, Slide nos. BSIP 9628, 9629; figs 9, 10,
21. x fig. 4. x 500.
Me/asmalosphaera media, Note double-walled
cell (fig. 2), Slide no BSIP 9628. x 1000
Ki/dinosphaera, a planktonic body_ Note the robust
and folded cell wall, Slide no. BSIP 9628. x 250_
G/enobolrydion majorinum, Slide no. BSIP
9628. x 1000.
Myxococcoides minor, Slide no. BSIP 9628 x

1000.
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Affinities

Septate filamentous forms in Deoban Limestone
are represented by Oscillatoriopsis media,
Cyanonema, Animikea septata and Gunflintia
minuta. These taxa are morphologically comparable
with modern Cyanobacteria belonging to

asci llatOriaceae.
Schopf (1968) imerpreted tubular remanants of

Eomycetopsis robusta as possibly belonging to fungi
(Eumycophyta). Hofmann (1976) and Knoll and
Golubic (1979) re·examined the type material and
suggested that the tubules responding to

Eomyceptopsis are sheaths of either Phormidium
type of Cyanobacteria or Leptothrix type of
filamentous bacteria. Siphonophycus kestron Schopf
(1968) apparehtly represents empty mucilaginous
sheath of Oscillatoria·Lyngbya-like Cyanobacteria
(Schopf, 1968).

Coccoid microfossils are of mainly two types,
i.e. one with eccentrically placed, intracellular, dark,
pyrenoid-like bodies and the other lacking in these
dark bodies Spheroidal unicells without pyrenoid
like dark bodies are represented by Myxococcoides
and Sphaerophycus.

Myxococcoides minor Schopf shows colonial
habit and is comparable to Anacystis a genus of the
family Chroococcaceae. Sphaerophycus parvurn
Schopf is apparently a product of asexual
reproduction. Cells are not only present in pairs but
in group of three, four and more cells (PI. 2, figs 11
18). These cells probably represent cell division by
fission.

Coccoid microfossils with amber to black
coloured, eccentrically placed intracellular pyrenoid
or organelles-like bodies are represented by
Glenobotrydion aenigmatis, G. majorinum and
Globophycus sp. These dark intracellular bodies in
Glenobotrydion and other similar Proterozoic fossil
taxa have been considered the product of
cytoplasmic degradation (Awramik et al, 1972; Knoll
& Barghoorn, 1975; Hofmann, 1976; Golubic &
Hofmann, 1976; Peat et al, 1978; Knoll & Golubic
1979; Zhang, 1980) However, others (Schopf, 1968,
1974; Schopf & Blacic, 1971; Schopf & Oehler, 1976;
Oehler, 1976, 1977a, b; Licari, 1978) consider them
to be remanants of delicate cell organelles-like
pyrenoid and nucleus. They opined that consistency
in size, shape and distribution among members of
each species establishes that they are original
intracellular organelles rather than shrunk or
coalesced cytoplasm. Oehler (1977a) studied these
structures in Glenobotrydion aenigmatis and
suggested that they are similar to pyrenoids and
nuclei. Some species of G. aenigmatis probably
represent coccoid green algae. Thus Glenobotrydion
aenigmatis and Glenobotrydion majorinum in

Deoban cherts apparently represent eukalyotic green
algae.

Thin sections of Deoban cherts have also
yielded large (260 .urn across), characteristically
folded, thin walled acritarchs. These acritarchs of
uncertain origin could be a cyst, or comparatively
sturdy outer membrane formed by a unicellular
plankton during resting stage in its life cycle.

Long narrow thread-like filaments referred to
Archaeotrichion contortum and Biocatenoides are
abundant in Deoban cherts. Schopf (1968)
considered them ?Eubacteria. Hofmann (1976)
compared Archaeotrichion sp. with Leptothrix and
Spirophyllum-like Iron Bacteria. He further opined
that they could be collapsed or deflated nonseptate
filaments of Eomycetopsis filiformis. However, it is
difficult to precisely assign taxonomic position to
these forms.

PALAEOECOLOGY

SedimentOlogical studies indicate that the
Deoban Limestone is a product of deposition in
carbonate tidal flats. The primary sedimentary
structure Iike parallel laminations, wavy laminations
and ripple bedding are well preserved in the
limestone containing bedded black cherts and the
chen lenses yielding microbiota. The presence of
oolites and intraclasts in the Deoban Limestone
indicates high energy condition in intertidal zone.

The microbiota assemblage present in Deoban
cherts represent not only benthic cyanobacterial
communities but also plankton. Shallow benthic
communities were represented by both motile and
nonmotile prokaryotic micro-organisms. The mat
bUilding filaments belong to the family
Oscillatoriaceae of Cyanobacteria and are much like
the modern mat forming Cyanobacteria
Phormidium-Lyngbya-Oscillatoria plexus. These
microfossils indicate restricted coastal intertidal
environment. However, according to Knoll (1985)
filamentous microfossils corresponding to the extant
genera Osc illa to ria, Lyngbya, Phormidium and
Microcoleus occur as mat builders in a wide variety
of environments and also as nonmat forming
microbenthos and allochthonous (transported)
elements in shelf sediments. The presence of
plankton indicates open sea environment. It is
interpreted that these were transported and
preserved in shallow marine locales. Extensive
development of columnar stromatolites in Deoban
Limestone indicates that they were formed in
shallow water environment protected from stronger
current activity where flat laminated mats form
columnar stromatolites.

Presence of Szphonophycus kestron representing
the original mucilaginous, empty sheath of
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Oscillatoria·Lyngbya-like Cyanobacteria and
unsheathed trichomes recorded here are indicators
of gliding motility of these micro·organisms.
Trichomes are well known to glide towards light
source leaving behind empty sheaths. Thus, this
population of filamentous Cyanobacteria were
phototactiC and mat builders as are extant
Oscillatoriaceae.

CONCLUSION

Palaeomicrobial community found in Deoban
Limestone Formation consists of Oscillatoria-Iike
Cyanobacteria, 'eukaryotic green algae and
Leptothrix/Spirophyllum-l ike filamentous Eubacteria.
Phytoplanktons are rare.

Forms like Glenobotrydion aenigmatis and G.
majorinum present in Deoban cherts are 'similar to
forms described from Bitter Springs 'Formation and
apparently represent eukaryotic green algae.

The Deoban biota (1,000 Ma) consists of mostly
spheroid and nonseptate filaments while the Bitter
Springs is distinguished by septate filamentous
biota. This perhaps reflects that the Bitter Springs
biota shows distinctive advancement over the
Deoban biota. The microbiota shows evidence of
development in shallow restricted coastal intertidal
environment.
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Diatom analysis of Hirpur Locality III (Lower Karewa),
Kashmir Valley

H. P. Gupta & Asha Khandelwal

Gupta, H. P. & Khandelwal, Asha (1987). Diatom analysis of Hirpur Locality III (Lower Karewa), Kashmir Valley.
Palaeobotanist 35(3) : 357·362.

1\

~
This paper embodies the results of diatom analysis of 54 samples covering all the lithofacies in Hirpur Locality

III, Kashmir Valley. Out of 54 samples, only 16 samples have yielded diatoms whereas rest of 'the samples proved
barren. Diatom analysis has enabled to present rwo,fold comments: (i) the sediments are poor in diatoms and
most of the fruslUles are ground, and (ii) these sediments are rich in Pennales. Funhermore, the frequency and
nature of diatoms in the samples have revealed that the depositional environments were not wholly ponding rather
there might have been violent floodings of the lake which perhaps hampered the growth of diatoms and their
preservation too.

Key-wards-Diatoms, Palaeoclimate, Lower Karewa, Upper Pliocene (India).

H P. Gupta & Asha Khandelwal, Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007,
India.
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in Shaliganga Valley. The information of diatom
study by Lundquist (1936) was briefly summarized
by de Terra and Paterson (1939). Iyengar and
Subrahmanyan (1943) analysed Karewa shale
exposed at about 9,000 ft at Gulmarg for diatom
recovery and recognised 10 genera, 13 species, twO
varieties, one new variety and one new form.
Thereafter, Karewas did not receive any attention
from scientists of this discipline and after a lapse of
about twO decades, the Karewa sediments from
clayey blocks at Laredura in Kashmir Valley were
investigated by Rao and Awasthi (1962) who made a
short report of centric diatoms belonging to
Melosira, Cyclotella and Stephanodiscus and they
also noted the occurrence of pennate diatoms. Puri

THE Hirpur Locality III (33°41'N, 75°41'E) exposed
along the Rimbiara River, southwest of Srinagar in
Anantnag District, forms a part of Hirpur Formation
and marks the basal part of Lower Karewa in Kashmir
Valley. These sediments are subjected to diatom
analysis. However, there are reports on diatom
floristics from Karewa sediments exposed elsewhere
in the valley. The information available on the
occurrence of diatoms in Kashmir Valley is meagre
and largely deals with the enumeration of diatom
taxa.

The diatom study of Karewas dates back to the
early twentieth century when Conger (in de Terra &
Paterson, 1939) could enumerate about 70 species of
diatoms from lignite bearing beds at Handawor and
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(1948) has also made a passing reference of diatoms
so far worked out by the earlier workers.
Nevertheless, Roy (1974, 1980) collected about
1,000 samples from 32 measured sections between
Nichahom and Kurigam for biozonation of Karewas
in Kashmir Valley. He also emphasized that the
Lower Karewa is quite rich in fossil diatoms while
the Upper Karewa is devoid of them. It is further
observed that there is an uniformity in the trend of
distribution and assemblage of fossil diatoms in the
Lower Karewa beds. Based on these studies, Roy
(1974, 1980) divided Lower Karewa into: (i) the
lower CentraJes assemblage zone, and (ii) the upper
Pennales assemblage zone and assigned Miocene
and Pliocene age respectively. Earlier, Roy (1971)
recorded 72 species of diatoms belonging to 29
genera from the Lower Karewa in Kashmir Valley.
Gandhi and Mohan (1983) and Gandhi et al. (1985,
1986) while studying Bal Tal and other sampJes in
Kashmir Valley have noted a rich assemblage of
diatoms.

The object of undertaking diatom study of
Hirpur (Lower Karewa) was firstly to work out the
depositional environments as an ancillary to the
pollen and spore analysis and secondarily to confirm
the observations of Roy (1974, 1980) as regards the
age of Karewas which has been a matter of
discussion amongst Cenozoic geologists,
sedimentologists, palynologists, palaeobotani4ts and
magnetostratigraphers.

MATERIAL AND METHOD

The samples were procured from scarpment
exposed along the Rimbiara River and have been
recognised as Hirpur Locality III. About 10 gm of
material from each sample was first gently ground
and boiled in concentrated HCL for about an hour in
order to remove the carbonates present in the

matrix. Then the material was kept in distilled water
for 4-5 hours to settle down. Later the fluid was
decanted out and the residue was boiled in
concentrated HN03 with a few crystals of KzCn07 to
remove organic material. Thereafter, the samples
were washed repeatedly with distilled water and
allowed the residue to settle down. The permanent
slides were prepared in canada balsam and traverses
were counted under 40 X objective of microscope.
The slides have been deposited in the repository of
Birbal Sahni Institute of Palaeobotany, Lucknow.

In all, 54 samples were studied for diatoms in
varying frequencies. The frequency of the various
components was assessed on four point scale
(abundant, frequent, occasional and rare) as given
below:

DIATOM COMPOSITION

The samples have been analysed from all the
three lithounits, viz., laminated muds, Iignitic muds
and sands which yielded diatoms. However, most of
the samples from laminated muds have not shown
the positive results. On the whole, the diatom
assemblage from Hirpur Locality III is poor. The
diatom assemblage depiCts the preponderance of
Pennales as compared to Centrales.

MORPHOLOGICAL DESCRIPTION

Genus- Cocconets Ehrenberg

Cocconeis placentula Ehrenberg
Text·fig. 8

Valve broad, elliptical, length 27.0 /-Lm, breadth
18.0 /-Lm. Striae punctate, linear and in longitudinal
series, 18-20 in 10 /-Lm.

Nature-Fresh and brackish water.

..--

Sample no. 33 36 38 72 80 95 109 111 123 141 164 202 212 225 230 247

Nature of sediments Lig- Lig- Lig- Mud Sand Lig Clay Sand Sand Lig- Lig· Muddy Muddy Lig- Lig- Clay
nite nite nile nile nite nite sand sand nite nitic

Mud

Taxa

Cocconeis - R 0 - - R - - R 0
Cye/otella - - 0 - - 0 - 0 F R R - - - - R
Frag ila ria - 0 0 - - - 0 - 0 R R - - 0 0
Gomphonema - R R - - - 0 - F F F F - F R 0

IMelosira F F A F - - - - R R R - - R 0 -
Navicula A F A F - - F - F 0 A R - F F A
Nitzschia A A A - F - A R - A F F - F R 0
Pleurosigma - - - - - - - R R R
Surirella - - - - - - - - - - - - - R
Synedra A - - F F A - - 0 A 0 - R 0 0
Unidentified - R R R R - - - - - R - R

A =Abundant; F =Frequent; 0 =Occasional; R=Rare.
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Genus- CycloteUa Kutzlng

Cyclotella meneghiniana Kutz.
Text-fig. 17

Valve discoidal, diameter 23.5 J..Lm, valve margin
striated. Striae wedge-shaped, short, 9-11 in 10 J..Lm.

Nature-Fresh to marine water.

Cyclotella sp. 1
Text-fig. 20

Valve discoidal, diameter 30.0 J..Lm, valve margin
striated. Striae long, 8-9 in 10 J..Lm.

Cyclotella sp. 2
Text-fig_ 24

Valve discoidal (pressed rectangularly in
permanent slide), diameter 25.0 J..Lm, valve margin
striated. Striae short, 9-10 in 10 J..Lm.

Genus-Fragllarla Lyngbye

Fragilaria construens (Ehrenberg) Grun.
Text-fig. 29

Valve lanceolate with apices rostrate, inflated in
median portion, length 10-20 J..Lm, breadth 5-7 J..Lm.
Striae very delicate.

Nature-Fresh water.

Fragilaria sp.
Text-fig. 14

Five valves in chain, length of valve 19.5 J..Lm.

Genus- Gompbonema Agardh

Gomphonema augur Ehrenberg
Text-fig. 13

Valve cordate-cuneate, with upper apex obtuse
apiculate, lower apex attenuate, slightly subrostrate,
length 30 J..Lm, breadth 13.0 J..Lm. Striae distinct, 10-14
in 10 J..Lm.

Nature-Fresh water.

Gompho'nema olivaceum (Lyngb.) Kutz.
Text-fig. 19

Valve clavate, with broadly rounded apex and
attenuated base, length 27.5 J..Lm, breadth 13.0 J..Lm.
Striae indistinct.

Nature-Fresh water.

GenUS-Melosira Agardh

Melosira ambigua (Grun.) O. Muller
Text-fig. 6

Valve cylindrical, in chains, height of one
semicell 11.0 ,., m, diameter 9.0 }J m. Punctae and
sulcus indistinct.

Nature-Fresh water.

Genus-Navtcula Bory

Navicula sp. 1
Text-fig. 4

Valve Iinear-lanceolate with capitate ends,
length 64.5 J..Lm, breadth 23.5 J..Lm. Striae and nodules
faint.

Nature-Fresh Water.

Navicula sp. d. N exiqua (Gregory) O. Muller
Text-fig_ S

Valve elliptic-Ianceolate, with capitate-rostrate
ends, length 63.0 J..Lm, breadth 13.5 J..Lm; central area
distinct with more or less radial striae.

Nature-Fresh water.

Navicula sp. 2
Text·fig. 11

Valve attenuate, rounded at the ends, length
25.0 J..Lm, breadth 10.0 J..Lm. Striae indistinct.

Nature-Fresh water.

Navicula sp. 3
Text· fig. 2S

Valve broadly lanceolate with feeble
constrktion and capitate ends, length 38.0 J..L m,
breadth 12.0 J..Lm. Raphe thin and straight. Striae 8-13
in 10 J..Lm.

Nature-Fresh water.

Navicula sp. 4
Text·fig. 26

Valve elliptical-lanceolate with slight
constriction and broadly produced rounded ends,
length 46.0 J..Lm, breadth 15.0 J..Lm. Striae indistinct.

Nature-Fresh water.

Navicula sp. 5
Text· fig. 28

Valve linear-lanceolate with pointed ends,
length 26.0 J..Lm, breadth 6.0 J..Lm at the broadest.
Striae indiStinct.

Nature-Fresh water.

Genus-Nitzschia Hassall

Nitzschia obtusa W. Smith
Text·fig. 1

Valve linear, slightly constricted tOwards the
centre and tapering tOwards the truncate ends,
length 105.0 J..Lm, breadth 10.5 J..Lm. Keel punctae 9-10
in 10 J..Lm. Striae indistinct.

Nature-Fresh and brackish water.

Nitzschia sp. 1
Text-fig. 7
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Valve linear, elliptical with rounded ends,
length 36.5 p'm, breadth 12.5 p.m. Keel punctae 10·12
in 10 p.m.

Nature-Fresh water.

Nitzschia sp. 2
Text-fig_ 10

Valve linear, lanceolate, length 24.0 p. m, breadth
5.0 p.m. Keel punctae 10·12 in 10 p.m.

Nature-Fresh water.

Nitzschia sp. 3
Text-fig_ 12

Length of the valve 50.0 p'm (girdle view), keel
punctae distinct.

Nature-Fresh water.

Nitzschia sp. 4
Text-fig. 15

Valve linear, lanceolate, length 60.5 p'm, breadth
10.0 p.m. Keel punctae generally indistinct.

Nature-Fresh Water.

Nitzschia sp. 5
Text-fig_ 16

Valve narrowly lanceolate with tapering ends,
length 90.0 p'm, breadth 3.0 p.m. Keel punctae and
striae indistinct.

Nature-Fresh Water.

Nitzschia sp. 6
Text· fig. 18

Valve broadly elliptical-lanceolate, ends
somewhat rounded, length 27.0 p'm, breadth 15.0
p.m. Striae distinct.

Nature-Fresh Water_

Nitzschia sp_ 7
Text· fig_ 23

Valve linear-lanceolate, slightly inflated in the
middle part, length 40.5 p'm, breadth 4.0 p'm_ Keel
punctae 10-12 in 10 p.m.

Nature-Fresh Water.

Nitzschia sp. 8
Text·fig. 27

Valve'broadly linear with slightly concave sides,
length 45_0 p'm, breadth 10.0 p.m. Striae distinct.

Nature-Fresh Water.

Genus-Pleurostgma W. Smith

Pleurosigma Sp.
Text·fig_ 3

Valve elongate·elliptical, sigmoid. Subacutely,
rounded at the poles, length 100.0 p. m, breadth 13.0
p. m. Raphe sigm9id. Striae faint.

Nature-Fresh to brackish water.

Genus-Surlrella Turpin

Surirella Sp.
Text·fig. 21

Valve heteropolar, ovate with broadly rounded
apex and acutely cuneate base, length 62.5 p'm,
breadth 20.0 p'm at the broadest point. Flap margins,
windows, costae and striae indistinct.

Nature-Fresh to brackish water.

Genus-Synedra Ehrenberg

Synedra ulna Nitzsch
Text-fig. 9

Valve linear, apices more or less long-rostrate,
generally broken lengthwise, breadth 10.0 p.m. Striae
distinct.

Nature-Fresh water.

Synedra Sp.
Text-fig. 2

Valve linear, apices more or less long· rostrate,
length 75.0 p'm, breadth 12.0 p.m. Striae distinct,
leaVing a quadrangular hyaline space in median
portion.

Nature-Fresh water.

Unidentified form
Text-fig. 22

Valve asymmetrical with indistinct characters.

DISCUSSION AND CONCLUSION

The diatom analysis of Lower Karewa samples
from Hirpur Locality III in Kashmir Valley has been
assessed in the light of depositional environments as
well as the age of Lower Karewa as suggested by
earlier workers.

1. The sediments exposed at Hirpur Locality III are
all the more poor in diatoms. However, diatoms
could be recovered from all the three lithofacies.

2. The diatom assemblage is predominated by
Pennales, whereas Centrales are scarce. The stra·
tigraphical distribution of diatoms has revealed
that the occurrence of Nitzschia, Navicula and
Synedra is more frequent as compared to other

diatom taxa.
3. Most of the diatom frustules are either broken or

ground suggesting their allochthonous nature of
deposition. Thus, the frequency and nature of
diatoms recovered from the sediments portray
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Telrt-Bg. 1-1. Nitzschia obtusa W. Smith: Slide no. BSIP 36( I); 2, Synedra sp.: Slid~ no. BSIP 141(4b); 3. Pleurosigma sp.: slide no. BSIP
141(4); 4. Nauicula 51'. I: slide no. BSIP 141(2); 5. Navicula sp. cf. N e';iqua (Gregol)') O. Muller: slide no. BSIP 247(2); 6. Melosira ambigua
MuUer. slide no. BSIP 38(3); 7, Nitzschia sp. 1: slide no. BSIP 38(3); 8, Cocconeis placentula Ehrenberg: slide no. BSIP 38(2); 9, Synedra ulna
NilZSCh: slide no. 95(4); 10. Nitzschia sp. 2: slide no. BSIP 33( 1); 11, Navicula sp. 2: slide no. BSIP 33( 10); 12, Nitzschia sp. 3: slide no BSIP.
38(2); 13. Gomphonema aug/lrEhrenberg: slide no. BSIP 141(5); 14, Fragilaria sp.: slide no. BSIP 141(1); 15, Nitzschia sp. 4: slide no. BSIP
141(la): 16. Nitzschia sp. 5: slide no. 230(4); 17, CycioteUa meneghiniana Kutz.: slide no. BSIP 141(6); 18. Nitzchia sp. 6: slide no. BSIP
141(6); 19, Gomphonema olimceum (Lyngb.) Kutz: slide no. BSIP 141(2,4); 20. CycloteUa sp. 1: slide no. BSIP 9S( 7); 21, Su,irelJa 51'.: slide
no. ffirP 230(4); 22, LJnidentifled form: slide no. BSIP 141(4); 23, Nitzschia sp. 7: slide no. BSIP (2); 24, CyclotelJa sp. 2: Slide no. BSIP
123(1); 25, 26. Navicula sp. 3 and 4: slide no. BSIP 38(3); 27, Nitzschia sp. 8: slide no. BSIP 36(3); 28, Navicula sp. 5: slide no. BSIP 38(3);
29, Fragilal1a construms (Ehrenberg) Grun.: slide no. BSIP 38(3)

I
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that depositional environments were not wholly
ponding/lacustrine. Instead, there might have
been periodical violent floodings of the lake
which perhaps hampered the growth of diatoms
and their preservation too. Another possibility
could be that most of the diatoms were drifted
from elsewhere along with water streams.

The diatom study could be of paramount
importance to work out the palaeo-drainage sys
tem with a greater precision provided the finer
details of the ecological range of each diatom
species are available. Nevertheless, future work
on diatoms will also have its impact on determi
nation of palaeo-temperatures. However, the total
diatom assemblage indicates fresh water
conditions.

4. The age of Lower Karewa had been a matter of
controversy since the time of Lydekkar (1883) and
there had been practically no unanimity amongst
the subsequent workers as regards to the age and
thickness of Lower Karewa.

Roy (1974, 1980) based on the concept that the
sediments exposed berween Nichahom and Kurigam
are the sole representatives of the entire Lower
Karewa and applied diatom analysis to the sediments
for the purpose of biozonation and their age. He
formulated £W'O biozones, viz., the lower Centrales
Zone and upper Pennales Zone. Considering the
monophyletic origin of diatom and in connivance
with the general consensus of opinion amongst
diatomists that Miocene enjoyed the profusion of
centric diatoms, Roy (1974, 1980) envisaged
Miocene and Pliocene age respectively.

However, our studies on diatoms from Hirpur
Locality III, a part of Hirpur Formation (Bhatt, 1976)
and supposed to be the basal part of the Lower
Karewa, do not suPPOrt the hypothesis postulated by
Roy (1974, 1980). Our observations, however, reveal
the predominance of pennate diatoms which in any

case do not suggest Miocene age. We are as a matter
of fact afraid to comment on the age on the basis of
diatoms alone. Nevertheless, when seen in context
with palynostratigraphy and magnetostratigraphy this
col umn of stratigraphy may be put up in Upper
Pliocene Age.
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THIS is probably the third English language text-book
of Palaeobotany to be published during the ninety
eighties. This English version of Osnovy Paleobota
niki reached Meyen just two hours before his sad
demise Though titled Fundamentals of Palaeobotany,
Sergei Viktorovich Meyen's book is much more than a
systematic enumeration and description of fossil plant
taxa. It is an off-beat book devoting less than halfofthe
volume to systematics and a major part to more
contemporary topics. It is a welcome departure from
the tradition and thus invites a comparatively wide
readership.

Sergei Viktorovich's comprehension ofPalaeobo
tany includes palaeopalynology, epidermal/cuticular
studies, palaeoecology, palaeofloristics, evolutionary
patterns and lineages, etc. He has not only reproduced
information from published data but has also included
his own commentary to guide the reader towards
important theoretical aspects, e.g., significance of
palaeobotanical data to the concept of punctuated
equilibria and cladistic principles in phylogenetics, to
the theory of evolution and to the principles of
systematics and nomenclature.

The book is organised into eight chapters.
Chapter 1 enumerates preservation types and
techniques of study, but only very briefly as this
information is well covered by earlier text-books.
Chapter 2 deals with nomenclatural and typological
aspects of Palaeobotany. The concept of ,Parataxa' and
'Eutaxa' as applicable to fossil plant systematics is
outlined in detail and the concept of 'Satellite taxa' is
introduced. While a typical 'Parataxon' may be based
only on a very limited range of characters (e.g., of a
detached leaf), an 'Eutaxon' is based on all the
possible decipherable characters. Though to an
average student the ideas presented in this chapter
may at first look to be vague and incomprehensible,
yet they are important. Chapter 3 on Fossil Plant
Systematics is divided in two parts-I. Prokaryotes and
II, Eukaryotes. Part I includes short notes on Bacteria,

Cyanobacteria, Calcareous algae, stromatolites and
oncolites. Part II commences with an outline of
systematics of eurkaryotic algae, leading to those on
higher plants. Plants with dominating gametophytes
are placed in Bryophyta whereas plants where
sporophytes predominate are assigned to Proterido
phyta, Pteridophyta, Pinophyta and Magnoliophyta.
The latter two divisions relate to Gymnospermae and
Angiospermae respectively. Meyen's choice of
suprageneriC terms in certain cases may not meet the
approval of all palaeobotanists. Already, there has
been much correspondence on the subject after
Meyen's revolutionary ideas appeared in the Botanical
Review. For example, he places southern hemisphere
Permian glossopterids in the order Arberiales,
whereas students of glossopterids would place them
in atleast two orders, viz., Ottokariales and Lidget
toniales. Chapter 4 on palaeopalynology is definitely
better treatment of the subject than by other contem
porary authors. Chapters 5 to 8 deal mostly with
applied aspects. The trends in the epidermal-cuticular
characters in the geochronological scale are
summarised. Practical application value of dispersed
cuticles is outlined.

On the whole the book is very well organised and
well produced. One thing that strikes the reader is the
total lack of photographs. But these are not missed as
the line draWings are excellently executed and cover
most of the spectrum; a researcher can always go back
to original publications for photoillustrations. This
book should be well received by graduate students
and their teachers, though it would be sometime
before number of terms used by Meyen are assimilated
in palaeobotanical literature. One also wishes that
Meyen should have given more space to southern
hemisphere floras. Fundamentals of Palaeobotany is
a worthy successor to the Krystofovich text and should
win laurels.

Hari K. Maheshwari
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remains particularly those of the Pentoxyleae, was
discovered. He worked on "The anatOmy and
theoretical significance of homoxylous
angiosperms" for his DoctOral Thesis. Professor
Gupta studied both extant (Trochodendron,
Tetracentron, Drimys and Zygogynum) and extinct
plants (Cycadeoideas and Bucklandias) in this
connection and caine to the conclusion that
Homoxylon rajmahalensis Sahni was nOt an
angiosperm but a Bennettitalean wood. He was
awarded the Ph.D. Degree in Palaeobotany from
Lucknow University in the year 1936

Professor Gupta published a large number of
papers on plant fossils, especially from the Rajmahal
Hills. He investigated in detail a number of species
of the water fern Marsilea, especially those found in
Rajasthan and wrote a Monograph on the genus.

Professor Gupta started his professional career
as a teacher at M.T.B. College, Surat (Maharashtra) in
1936. Later on he taught at Dungar College, Bikaner;
Jaswant College, Jodhpur; and Government College,
Ajmer. He was apPointed Professor and Head of
Botany Department, University of Jodhpur in 1967.
Professor Gupta did great service to the Indian
palaeobotany by introducing palaeobotany in the
syllabi of University of Rajasthan and University of
Jodhpur.

After superannuation Professor Gupta joined the
spiritual mission' Sahaj Marg' and devoted his time
to it. He passed away on July 20, 1987 at the age of
seventynine. He will be long remembered by his
many students and fellow palaeobotanists.

B. D. Sharma

Professor K. M. Gupta was born on OctOber 27,
1908 at Beawar in Rajasthan. He gOt his early
education at Beawar and Agra. He got his Master's
Degree in Botany from the Lucknow University in
1932. He was very much impressed with Professor
Birbal Sahni, and joined research under his able
guidance in the Department of Botany, Lucknow
University. In 1932, he accompanied Professor Sahni
on an excursion to the Rajmahal Hills, Bihar when
the Nipania locality, famous for petrified plant
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