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ABSTRACT

Well-preserved and diverse microfossils are described for the first time from the
Kushalgarh Formation of Ajabgarh Group around Baraud Village in Alwar District,
Rajasthan. The assemblage comprises 10 genera and 17 species belonging to filamen
tous and coccoid blue-green algae, of which two genera and 10 species are new. The
new forms are Myxoeoecoides eompaetus sp. nov., Palaeolyngbya distinetiea sp. nov., P.
elongata sp. nov., P. baraudensis sp. nov., Palaeoseytonema indica sp. nov., P. intermingla
sp. nov., P. misrae sp. nov., Choshia bilureata gen. et sp. nov., Primorivularia robusta sp.
nov. and Vesieophyeus problematieus gen. et sp. nov. Morphological features and the
size range of taxa suggest procaryotic nature of the assemblage. Coccoid forms are
aggregated in colonies and dominated by filamentous forms. Baraud assemblage con
tains hormogonia, heterocysts, false branching and the most significant is the record
of true branching showing Stigonematalean affinity. The composition of the micro
flora suggests that the rocks of D~lhi Supergroup are equivalent to Vindhyans. This
is also supported by the radiometric dates.

Key-words - Choshia, Vesieophyeus, Cyanophyceae, Kushalgarh Formation, Precam
brian (India).
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INTRODUCTION

M ICROBIOTA are now well known
from the Proterozoic rocks of penin
sular and extrapel1insular India. So

far various workers like Maithy (1969),
Maithy and Shukla (1977), Maithy and
Mandai (1983), Maithy and Gupta (1983),

Nautiyal (1978, 1980), Schopf and Prasad
(1978), Salujha et al. (1970, 1971a, 1971b,
1972), Singh et al. (1978), Venkatachala
and Rawat (197'2) and Viswanathiah et al.
(1975, 1976a, 1976b, 1979-80) have reported
the biota from these rocks. This assem
blage consists mostly of cryptarchs and a
few blue-green algae.
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There is no previous microfossil record
from Delhi Supergroup except a report
by Dutt and Shrivastava (1975) from Alwar
Group, Gurgaon District. They reported
Tasmanites other than triletes, monoletes,
septate spore, acritarchs and hystricho
spheres. From the illustrations of Dutt
and Shrivastava (1975) it appear that the
assemblage consists of only acritarchs be
longing to Sphaeromorphitae and Netro
morphitae except Tasmanites. Stromatolites
have recently been reported by Verma and
Barman (1980) and Negi and Ravindra
(1980) from the Kushalgarh Formation
near the village Baraud. The forms are
Baicalia baicalica (Maslov) Krylov, Collenia
columnaJ'is Fenton & Fenton, Kussiella kusien
sis Krylov and Jacutophyton Shapovalova.
The investigation of microbiota in the area
was taken up due to (i) occurrence of
diverse stromatolite, (ii) absence of micro
fossil report from this rock sequence, and
(iii) to correlate this thick and widespread
sequence of rocks with other areas and
particularly fixing the stratigraphical position
of Delhi Supergroup in relation to the
Vindhyan Supergroup.

In all, 27 samples from a section belonging
to the Kushalgarh Formation were collected.
Out of which only one siliceous dolomite
yielded excellently preserved biota. Perma
nent slides were prepared with polyvenyl
alcohol and D.P.X. mountant. Observations
were made using oil imersion objective in
a Leitz Dialux - 20 microscope. Long
filaments were photographed in several
shots at different focal depths. These
photographs were superimposed to get
the complete structure of filament.

The present paper deals with the syste
matic description of the microbiota re
covered for the first time from Ajabgarh
Group. All the figured specimens are
housed in the Museum of Birbal Sahni
Institute of Palaeobotany.

GEOLOGY

General Geology - Delhi Supergroup ex
tends along the main axis of folding of the
Aravalli mountains and is named after
the city - Delhi and has a very wide
geographical distribution from near Delhi
in the north, through Ajmer and Mewar
to Idar and Palanpur in the South (Krishna n
1982). In the north (Gupta, 1977) the,

rocks of Delhi Supergroup are concealed
under the alluvium and are found in the form
of isolated p~tches. The rocks lie above
the gneisses or the Aravallis or the Gwaliors
or the Raialos with a great unconformity
and in turn overlain unconformably by
the Vindhyans. Lithologically, the rocks
consist essentially of quartzites, mica schists,
limestones and calcium chloride gneisses.
The entire succession shows extensive fold
ing, faulting and is aff<:cted by igneous
intrusions in the form of pegmatites, granites
and epidiorites.

Geology of the area - The microfossil
bearing locality lies on the western flank
of the north-south trending hill (Text-fig. I),
abou t a kilo meter to the east of Baraud Village
(27°54': 76°23', Survey of India toposheet
no. 54 A/5), Alwar District, Rajasthan.
The village is located on Alwar-Behror
State Highway at 7th km from Behror which
is locally known as 'Midway' and is
situated on National Highway No.8, half
way between Delhi and Jaipur. The area
which is situated on the road side is approach
able round the year as it is free from any
vegetation. The rock formations which
occur III this area belong to the Ajabgarh
Group' of the Delhi Supergroup (Precam
brian). Of the Delhi Supergroup, the older
Rajalo and Alwar groups are missing in
this area and the sequence commences
directly with the Kushalgarh Formation
of the Ajabgarh Group. As such, the
stratigraphical succession of the area stands
as shown in Table 1.

The Kushalgarh Formation comprises a
sequence of marble beds (100 m in exposed
section) intercalated with 3 to 5 cm thick
bands of shale and chert. Bioherms of
stromatolites are seen to have developed
towards the top of this formation. The
stromatolite forms include mostly of Baicalia
baicalica (Maslov) Krylov, Collenia colum
naris Fenton & Fenton, Jacutophyton Shapo
valova and -Kussiella kusiensis Krylov (Verma
& Barman, 1980). The stromatolites, in
general, are made up of milky white chert.
The microfossils reported in this paper are
from a thin chert band lying between
marble beds, a few metres below the
stromatolite bearing horizon in the upper
part of the Kushalgarh Formation (Text
fig. 1).

Age of the rocks - The geological span
of the deposition of Delhi Supergroup rocks
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TEXT-FlG. 1 - Showing the type locality (after Verma & :!?armao, 1980).
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TABLE I-STRATIGRAPHICAL SUCCESSION AROUND BARAUD, ALWAR DISTRICT,
RAJASTHAN (MODIFIED AFTER NEGI & RAVINDRA, 1980)

Vindhyan Supergroup Not developed

I
(Aj'b'''.h 0""
I

)

Delhi Supergroup
(Precambrian)

-----------(Acid, basic and ultrabasic intrusives and extrusives)/-----------
rBhakrol Formation Interbedded quartzites and phyl-
! lite with carbonaceous bands

1 Thanagazi Formation Andalusite-biotite-sericite schist,
I garnet-chlorite schist

I Seriska Formation Brecciated and ferruginous-quart-
I zites with stromatolites at the
~ base
l Kushalgarh Formation Impure siliceous marble with

thin bands of chert and shale
and stromatolites at upper part

Alwar Group (Missing)

Raialo Group (Missing)
----(Granite, basic and ultrabasic intrusives)------------

Aravalli Supergroup Not developed

ranges in time from at least 1900 m.y. with
two cycles of folding and a younger
metamorphism (Crawford, 1970). Gupta
(1977) mentioned that the rocks have been
subjected to repeated granitic activity at
1660 m.y., 1010 m.y., 950 m.y., 790 m.y.
and 735 m.y. Holmes (1949) carried out
radiometric dating (733 m.y.) of Uraninite
from a pegmatite in the biotite gneiss at
Bisundri, Ajmer-Merwara and MonZlnite
from a pegmatite at Soniana, Mewar. Ac
cording to him the date, i.e. 735 ± 30 m.y.
of Bisundri Uraninite is one of the very
few acceptable ages as being of first class
reliability. Aswathanarayana (1959) dated
580± 20 m.y. from the Samarskite from a
pegmatite near Kishangarh, Rajasthan.
However, these younger dates support the
observation of Heron (1953) that the pegm:t
titic intrusions all along the Delhi Synclino
rium did not take place at the sam~ time.
Vinogradov et al. (1966a) recorded 900± 50
m.y. by K-Ar muscovite age from an
Erinpura pegmatite near Ajmer. The total
rock age of Erinpura type granite from
Ajmer is approximately 930 m.y. While
the Erinpura granite from Chhapoli was
dated to 1000 m.y. (Crawford, 1975).

A rock sample collected from the outer
flank of Baraud anticline on northern side
belonging to the Bhakrol Formation has
been dated 533 ± 24 m.y. by Fission Track
method of biotite. The Kushalgarh For-

mation is the oldest form:ttion of the Group,
and obviously the age will be more than
533 m.y. of the youngest Bhakrol Formation.
On the basis of strom'ltolite Verma and
Barm:tn (1980) commented that the Kushal
garh sedimentation started in the Lower
Riphean and continued up to Middle
Riphean time (1800-1000 m.y.).

On geological evidences, Delhi Group
of rocks h:ts been placed below Vi ndhyans
and equated with Cuddapahs. However,
Crawford (1969) has correlated the Cud
dapah sequence with the Lower Vindhyans.
Cuddapah sedimentation took place from
1400 to 980 m.y. (Aswathanarayana,
1962; Balasundaram & Ihlasubrahmanyan,
1973). On the other hand Vindhyans
covered a span of 1400 to 900 m.y. (Misra,
1969).

While dealing with Precambrian strati
graphy in India on the basis of stromatolites,
Raha and Sastry (1982) also proposed that
the Delhi Supergroup may be correlated
with the Lower Vindhyan. However, the
new idea that Delhi is time equivalent,
at last in part, with Vindhyan needs more
support from various disciplines.

Palaeoenvironment - Tlce study of stro
m:itolites in the horizon indicates that
these stromatolites building algal community
grew in the form of a laminar sheet or mat
in Shallow muine conditions possibly in
the intertidal zones. The silica rich solution
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buried the community very quickly and
preserved the micro-organisms in situ.

TAXONOMY

The recorded assemblage consists of 10
genera and 17 species. The microbiota
described here are taxonomically distinct
from each other particularly in their charac
teristic morphology. Presence of branching,
mode of septation, heterocyst, sheath and
the reproductive structures (e.g. hormogonia)
are considered to be distinctive in gene
ric delimitation. The shape, size and
detail measu rements have been given
secondary importance and used only for
the specific identifications. The micro
fossils recovered here show very little or
no degradation at all. According to Schopf
(1977) the coccoid fonus are referred to
Cyanophyceae on the basis of size and
morphologica.l featu res. The filamentous
forms are presumed to be cyanophycean
in the presence of hormogonia, heterocyst
in some of the fonus (e.g. honuogoni1
in Palaeoscytonema misrae and heterocyst
in Primorivularia robusta), brancb,i ng (false
branching in Palaeoscytonema intermingla
sp. nov. and true branching in Ghoshia
bifurcata gen. et sp. nov) and very thick
sheath in most of the forms.

The empty sheaths of Chroococcacean
colony (e.g. Vesicophycus problematicus
gen. et sp. nov.) and of filamentous forms
(e.g. Animikiea septata) are most likely
derived from the form recovered here. It is
difficult to SlY with certainty that to which
form<; they actually belong. Empty sheath
of colonial form in all probability bdongs
to Myxococcoides compactus as Vesico
phycus rarely contai ns few cells inside (PI. 2,
fig. 17) identical to the cells of M. compactus
in shape and size. On the contrary, the
empty sheath of filaments (e.g. Animikiea
septata) are derived from more than one
taxon as they have different types of apices.

SYSTEMATIC DESCRIPTION

ALGAE

FAMILY - CHROOCOCCACEAE

Genus - Myxococcoides Schopf, 1968

Type Species - Myxococcoides minor
Schopf, 1968.

Myxococcoides inornata Schopf, 1968
PI. 1, fig. 1

Description - Cells in cluster or rarely
solitary, 9-18.7 [lm in diameter (average
12.7 [lm on 96 counts), spheroidal or
variously shaped due to mutual compression
in a colony; surface psilate; walls thick
about 0.5 !J.m; distinct sheath around the
colony, individual cells not ensheathed.

Remarks - The shap~ and habit of these
fossils are identical to Myxococcoides in
ornata Schopf (1968, pI. 83, fig. 7) from
the Bitter Spring Fonuation. However,
the present specimens are smaller ill size
than the Bitter Spring. On the blsis of
the size the cells compare with M. retiCtllata
Schopf (1968), but in M. inornata the cells
are smooth and not finely punctate or re
ticulate as in M. reticulata.

The taxon is common in the assemblage.
Solitary cells are rarely found (PI. 1, fig. 5),
which actually have originated from colonies
by fragmentation. These isolated cells
appear identical to Huronispora Barghoorn
(in Barghoorn & Tyler, 1965).

Myxococcoides compactus sp. nov.
Mandai & Maithy

PI. 1, fig. 2; PI. 3, fig. 5

Diagnosis - Colony spheroidal up to 70
[Lm in diameter consisting of hundr[ds of
cell bounded by a thick, about 1.5 fJ.ln,
non-Iamellated granular sheath; cells 2.7-4.4
[Lm (average 3.7 [lm on 38 counts) in
diameter, arranged irregularly; surf<;ce
psi late to finely granulose; wall about 0.2
[Lm thick; individual cells not ensheathed.
Reproduction possibly by vegetative division
in more than one plane.

HolotYP2 - PI. 1, fig. 2; slide no. 6818;
stage coordinate 12.5 X 100.

Type Locality - 1 km east of Baraud
Village.

Etymology - With reference to compact
arrangement of cells.

Comparison & Discussion - Myxococ
coides compactus sp. nov. is observed fre
quently in the assemblage. The species
differs from the known species of Myxococ
coides in its smliler cell size and colony
consisting of about hundreds of cells.
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Myxococcoides minor Schopf, 1968
PI. 1, figs 3,4; PI. 3, fig. 24

Description -Globular colony up to 58 (Lm
in diameter, composed of few to 20 cells
embedded within a non-lamellated sheath
of about 1.2 fL thick; cell outline spheroidal
or polygonal due to compression, 4.4-8.5
110m in diameter (average 6.6 fLm on 16
counts); adjacent walls of cells appear to
be common; wall about 0.5 fLm thick; sur
face psilate.

Remarks - Present specimens are sm3.lIer
ti1an the specimen of Schopf (1968) from
Bitter Spring. The taxon is common in
the assemblage.

Genus - Palaeoanacystis Schopf, 1968

Type Species - Palaeoanacystis vulgaris
Schopf, 1968.

Palaeoanacystis vulgaris Schopf, 1968
PI. 4, figs 26-28

Description - Large colony mlde up of
a number of coccoid cells, palmelloid or
cylindricl1, generally dome-shaped and
apparently without any mucilage covering.
[ndividual cells spheroidal to elliptical due
to mutual compaction, not enSheathed,
4.5-11 fJ.m in size (average 6.5 fLm on
55 measurements), cells appear to have
m'l.rginal wllls in common with the neigh
b~uring cells which are pronounced near
the mugin; surface smooth.

Discussion - Palaeoanacystis is the mono
specific genus erected by Schopf (1968)
from the Bitter Spring Formation. Baraud
specimens are commonly palmelloid and
marginal walls of the neighbouring cells
appear to be common. The present speci
mens compare exactly with the photograph
of P. vulgaris given by Schopf (1968, pI. 82,
fig. 7) from the Bitter Spring Form3.tion
of Australia. The taxon is not common
in the assemblage.

Genus - Gloeocapsamorpha Zalessky, 1916

Type Species - Gloeocapsamorpha prisca
Zalessky, 1916.

Gloeoeapsamorpha prisca Zalessky, 1916
PI. 1, fig. 7

Description - Colony large forming stiff
mat with a number of concentric sheaths;
cells form secondary colonies, 10-15 in
number arranged irregularly, 9-] 5.2 fLm
in diameter, spherical or oval in shape due
to compaction; sheath around the colony
and individual cells present, about 1.5 fLm
thick.

Remarks - Gloeocapsamorpha prisca is
uncommon in the assemblage.

Gloeocapsamorpha karauliensis Maithy
& Mandai, ]982

PI. 1, fig. 6

Description - Cells spherical to oval due
to mutual compaction, thin-walled and
smooth, 4.4 to 9 fLm in diameter (5.5 fJ.m
on average on 27 counts). Cells form
secondary colonies within the parent colony;
11 secondary colonies observed to form a
big colony; individual cells and colony
ensheathed, colony about 10 to 33.2 fLm
in diameter.

Remarks - The taxon is rare in the as
semblage. Cells are smaller in size than
G. karauliensis described from Vindhyans
of Rajasthan by Maithy and Mandai (1983).

FAMILY - OSCILLATORIACEAE

Genus - Palaeolyngbya Schopf, 1968 emend.

Type Species - Palaeolyngbya bargho
orniana Schopf, 1968.

Remarks - The generic diagnosis of
Palaeolyngbya Schopf (1968) is based on
the monotypic species - P. barghoorniana.
Therefore, it has limited the scope to
accommodate other forms. As our form
is overlapping in all significant morpho
logical characters with extant Lyngbya,
the generic diagnosis of Palaeolyngbya is
enlarged here to accommodate other forms
having comparable morphology with extant
Lyngbya.

Emended Diagnosis - Filament broad,
multicellular, uniseriate, unbranched, slightly
to strongly constricted at septa; cross wall
distinct, either partial or complete, sheath
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dis\inct, hyJline, non-lam~lIated and firm.
Trichomes solitary, straight to variously
curved. Apical cell may be distinct. Re
production by hormogonia.

Palaeolyngby,'l distinctica sp. nov. Mandai
& Maithy

PI. 2, figs 10, 11

Diagnosis - Filament in bunch, variously
curved up to 200 fJ-m long (incomplete
specimen); trichome solitary, multicellular,
uniseriate and unbranched; septa distinct,
widely spaced towards apices, faintly to
moderately constricted at septa poi nt; basal
cell swollen, 10 to 13 fJ-m long and 5 to 7
[Lm broad (on 4 counts); medial cells nearly
quadrangular (as long as broad), 5 to 8
[Lm; side walls often depressed, smooth to
finely granular surface; sheath firm, thin,
non-Iamellated; reproduction possibly by
hormogonia.

Holotype - PI. 2, fig. 10; slide no. 6818;
stage coordinates 53 X 103.5.

Type Locality - 1 km east of Baraud
Village.

Etymology - With reference to distinct
quadrangular medial cells.

Comparison & Discussion - Palaeo-
lyngbya barghoorniana Schopf (1968) differs
from P. distinctica sp. nov. in hlVing
partially septate disc-shaped medial cells
whereas in present species the medial cells
are quadrangular, completely septate and
sheath is distinct. P. elongata sp. nov. com
pares with P. distincta in having broad bas:1!
cell but medial c~lls are discoid. On the
basis of exomorphic features P. distinctica
sp. nov. compares with the extant Lyngbya
baculum Gomont. The taxon is rare in
occu rrence.

Holotype - PI. 3, fig. 20; slide no. 6816;
stage coordinates 36.8 x97.

Locality - 1 km east of Baraud Village.
Etymology - With reference to long fila

ment.
Comparison & Discussion - Only one

complete specimen observed which is 500
[Lm long. The terminal portion of the
filament is broad possibly due to compres
sion. Reproductive structure was not ob
served. P. elongata sp. nov. is ch'uacterised
by granular spindle-shaped basal cell larger
than the rectangular medial cells which
mlke the species distinct and differs frOID
other known species of Palaeolyngbya.

Palaeolyngbya baraudensis sp. nov. Mandai
& Maithy

PI. 1, fig. 9

Diagnosis - Filaments in bunch, up to
200 [Lm long, trichome single with broad
basal cell; medial cells discoid, broader
than long, 2/3 to 3/4, not constricted at
septa, 13-18 [Lm broad and 2-4 [Lm long,
terminal cells 4-6 IJ.m broad and 2-3 [LID
long, cell surface granular; septa straight
or concave; sheath thick, ad pressed to
trichome, faintly laminated; reproduction
not known.

Holotype-PI. 1, fig. 9; slide no. 6816;
stage coordinates 1 x94.6.

Locality - 1 km east of B1faud Village.
Etymology - With reference to the Baraud

Village from where the sample was collected.
Comparison - Palaeolyngbya baraudensis

sp. nov. compares with P. elongata sp. nov.
in morphology, but the former differs in
having curved basal cell. Moreover, basal
cell is not spindle-shaped.

Genus - Oscil/atoriopsis Schopf, 1968

Oscillatoriopsis obtusa Schopf, 1968

PI. 3, fig. 23A

Description - Trichome multicellular,
variOUSly curved, uniseriate, unbranched,
solitary, up to 175 fJ.m long, not constricted
a t septa, septation complete; med ial cells

Palaeolyngbya elongata sp. nov. Mandai
& Maithy

PI. 3, fig. 20

Diagnosis - Filament up to 500 [Lm long,
isolated, variously curved; trichome single,
unbranched and septate; medial cells disc
shaped, 5.3 [LID long, 7 [Lm broad; basal
cell larger than the medial cell, spindle
shaped, granulose; sheath firm, thin and
adpressed to trichome; reproduction possibly
by hormogonia.

Type Species - Oscillatoriopsis
Schopf, 1968.

obtusa
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cylindrical, nearly isodiametric, 8 to 11.1
fLm long and 8.5 to 10.1 fLm broad; apical
cell gum-drop shaped, cylindrical, 10 fLm
long and 8.5 fLm broad; sheath not obs
cured; reproduction not known.

Remarks - Only one specimen observed
in the assemblage.

Genus - Animikiea Barghoorn, 1965 emend.
Mandal & Maithy

Synonym:

1968 SiphonophycllS Schopf, p. 67 I.

Remarks - Barghoorn (1965 in Bar
ghoorn & Tyler, 1965) proposed Animikiea
for the multicellular unbranched filaments
(without trichome) straight or curved with
closely spaced septa. Individual cell
much wider than I,:>ng. Enclosing sheath
offilament distinct, thick-walled and granular.
This genus was later restudied by Awramik
and Barghoorn (1977) and according to
them the septate appearance may be due
to the wrinkling of external sheath and
actually is only surficial feature. Schopf
(1968) while instituting the genus Siphono
phycus from the Bitter Spring Formation
of Australia opined that it resembles closely
to Animikiea Barghoorn. The only differ
ence was the presence of closely spaced
septa, which Schopf (1968) considered to
b~ closely-spaced, punctate surficial ridges,
and not p<:n~trating in the tubular lumen.
According to Schopf (1968, p. 671)" the
s~pta" of Animikiea septata, therefore,
seem quite analogus to the finely punctate
surface ornamentation of Siphonophycus
kestron (pI. 80, fig. 2). Altbough morpho
logy of these tW0 microfossil genera s~ems

quite similar but the apical portion of A.
septata is unknown. The apical part can
not be taken as character for generic sepa
ration, as the presence of apex is only
a chance of preservation. In our study
we have found specim~ns with and without
apices. Surface features of these speci
mens range from psi late to granular
and aseptate to septa-like structure which
could be due to preservation. We, there
fore, feel that the characters of Animikiea
and Siphonophycus are overlapping and
not distinct enough for the institution
of two distinct genera. Hence, we pro-

pose here to consider Siphonophycus Schopf
(1968) as junior synonym of Animikiea
Barghoorn (1965).

Emended Diagnosis - Unbranched, as
eptate, tubular empty sheath of filamentous
algae.

Genotype - Animikiea septata B3.rghoorn,
1965.

Due to this change in the generic status
of Siphonophycus the following transfers
b<:come necessary and is being done here
accordingly.

Animikiea septata Barghoorn emend.
Mandai & Maithy

PI. 2, fig. 16; PI. 3, figs 18, 19

Synonymy:

1965 Animikiea septata Barghoorn Jn
Barghoorn & Tyler, p. 576, fig. 3.

1968 Siphonophycus kestron Schopf, p. 671,
pI. 80, figs 1-3.

1971 Siphonophycus kestron Schopf in
Schopf & Blacic, p. 948, pI. 109, figs
3, 4.

1977 Sheaths, Oehler, 1977, figs A, G, H.
1977 Animikiea septata Barghoorn in

Awramik & Barghoorn, p. 139, fig. 7A.
Emended Diagnosis - Sheath (without

trichome) cylindrical, tubular, aseptate, un
branched, variously curved; surface smooth
to granulose; apices broad, capitate to
bluntly pointed.

Type species - Fig. 3, Part 2, Barghoorn,
1965 in Blfghoorn and Tyler, 1965.

Remarks - The tubular cylindrical sheath
from the Delhi Supergroup is much broader
than the type specimen. The surface of
the studied specimens show various surficial
pattern from smooth to granulose. The
granulose surface gives a pseudosepta appear
ance. Several specimens show the presence
of apices which are variable in shape. This
taxon is very common in the assemblage.

Animikiea punctata (Maithy) comb. nov.
Mandai & Maithy

Synonymy:

1975 Siphonophycus punctatus Maithy,
p. 137, pI. 1, fig. 5.

Diagnosis - As in Maithy, 1975.

t
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Animikiea indica (Nautiyal) comb. nov.
Mandai & Maithy

Synonymy:

1978 Siphonophycus sp. A, Nautiyal, p.
261, fig. 9

1980 Siphonophycus indicus Nautiyal, p. 3,
fig. IA

Diagnosis - As in Nautiyal, 1980.

Animikiea beltensis (Horodyski) comb. nov.
Mandai & Maithy

Synonymy:

1980 Siphonophycus beltensis Horodyski, p.
654, pI. 1, fig. 4.

Diagnosis - As in Horodyski, 1980.

Animikiea crassiuscula (Horodyski) comb.
nov. Mandai & Maithy

Synonymy:

1980 Siphonophycus crassiusculum Horo
dyski, p. 656, pI. 1, figs 6, 7

Diagnosis - As in Horodyski, 1980

FAMILY - SCYTONEMATACEAE

Genus - Palaeoscytonema Edhorn, 1973

Type Species - Palaeoscytonema moor
housii Edhorn, 1973.

Remarks - Ed horn (1973) and Maithy
and Shukla (1977) recorded microfossils
showing affinities with the living Scytonema
and separately erected the genus Palaeoscy
tonema with different types. Later, Maithy
(1980) transferred Palaeoscytonema of
Maithy and Shukla (1977) to a new genus
Neoscytonema to validate the same. The
present taxon possesses false branch, hor
mogonia and thick sheath which overlap
with the generic circumscription of Palaeo
scytonema Edhorn (1973).

Palaeoscytonema indica sp. nov.
Mandai & Maithy

Pl. 2, fig. 12

Diagnosis - Filament single up to 250
fJ-m long; trichome solitary, sheathed; sheatb

1.2 fLm thick, multicellular and false
branched laterally; trichome and branches
enclosed in the same sheath; septa distinct,
thin but indistinct towards terminal portion,
inflated and curved at base, cells discoid,
broader than long, nearly 3/4; width of
trichome 11-13.2 fLm at base, 5.5-8.5 fLm
at middle and 2 fLm at tip, surface granu
lose; sheath adpressed to trichome and
diffluent at the apices. Reproduction not
known.

Holotype - PI. 2, fig. 12; slide no. 6816;
stage coordinates 62.7 x95.

Locality - 1 km east of Baraud Village.
Etymology - With reference to occur

rence in India.
Comparison & Discussion - The present

taxon is characterised by false branching
and the sheath encloses trichome and
branches. However, reproductive struc
tures have not been observed. Palaeo
scytonema indica sp. nov. differs from P.
moorhousii Edhorn (1973) in being the tri
chome and branches within the sheath,
robust in form and having curved inflated
base. Moreover, reproductive structures are
not known. P. intermingla sp. nov. com
pares with P. indica in laterally false
branched characters but differs in the absence
of curved inflated base. P. misrae sp. nov.
differs as it reproduces by 6-7 cells long hor
mognia and has a thin filament. The taxon
is common in the Baraud assemblage.

Palaeoscytonema intermingla sp. nov.
Mandai & Maithy

PI. 3, figs 22, 23

Diagnosis - Filaments interwoven, 10.5
to 13 fLm broad (on 6 counts), false
branched; false branches lateral; sheath
thick, ad pressed to trichome; trichome
about 5.5 to 7 !Jom qroad; cells rectangular,
septa faint, not attenuated at septa point;
branches swollen at the tips with rounded
apices.

Holotype - PI. 3, fig. 22; slide no. 6816;
stage coordinates 4 x92.9.

Locality - 1 km east of Baraud Village.
Etymology - With reference to interming

ling nature of branches.
Comparison - Palaeoscytonema inter-

mingla sp. nov. differs from P. moorhousii
Edhorn (1973), P. indica sp. nov. and P.
misrae sp. nov. in possessing intermingling
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filaments and false branches with swollen
and rounded apices. The taxon is rare
in the assembl3.ge.

Palaeoscylonema misrae sp. nov.
Mandai & Maithy

PI. 2, fig. 13

Diagnosis - Filam ~nts iso13.ted, variously
curved, up tD 50 flm long; trichome solitary,
unbranched, faintly con,tricted at septa;
cells drum-shaped, 6 to 10 flm long, 4 to 7
flm broad, side walls straight to convex,
basal cells larger th'ln medial ones, 10 to
12.2 flm long and 6.5 to 8 flm broad;
sheath firm, thick ab;)Ut 1.2 fJ.m; reproduc
tion by hormogonia, 2 to 3 hormogonia
formed at a time, up to 7 cells long.

Holotype-PI. 2, fig. 13; slide no. 6816;
stage coordinates 47.1 x97.3.

Locality - 1 km east of Baraud Village.
Etymology - In honour of Prof. R. C.

Misra, former Head of the Geology Depart
ment, Lucknow University for his contri
bution to the Prec3.mbrian research work
in India.

Comparison & Discussion - Palaeo-
scytonema misrae sp. nov. is very distinct
in morphology and differs from other
species of Palaeoscytonema in possessing
6-7 cells long hormogonia formed 2-3 at
a time. However, filament in the assem
blage is being observed (PI. 2, fig. 14) with
broad apical cell nearly identical in measure
ment with P. misrae. In this filament the
hormogonia consist of only two cells. Iso
lated hormogonia, as figured in PI. 2, fig.
15, present in the assemblage are bei ng
supposed to belong to P. misrae on the
basis of size measurements. The form is
very rare in the assemblage.

FAMILY - RIVULARIACEAE

Genus - PyimoYivularia Edhorn, 1973

Type Species - Primorivularia thunderba
yensis Edhorn, 1973.

Primorivularia robusta sp. nov.
Mandai & Maithy

PI. 3, fig. 23B

Diagnosis - Filaments solitary, up to 150
flrn; trichome uniseriate, multicellular, Ul~-

branched, ensheathed fully; constricted at
septa basally; sheath non-lamellated about
1 flm thick; basal cells spherical, broader
than long, 12.2 flm long and 18 flm broad;
medial cells rectangular, closely placed,
septa faint; heterocyst basal, si ngle hemis
pherical, 18 flm long and 15.5 flm broad;
akinite not known.

Holotype - PI. 3, fig. 23B, slide no. 6817;
stage coordinates 61.6 x94.2.

Locality - As noted above.
Etymology - With reference to robust

m::>rphology.
Comp:J.rison & Discussion - The taxon

is represented by only three specimens. The
terminal portion in all the specimens are
broken, therfore, the presence of terminal
hair could not be ascertained. However,
the basal heterocyst, broader basal cells
and gradual attenuated trichome overlap
with the circumscription of Primorivularia
Edhorn (1973) except the character of ter
minl1 hair. Primorivularia robusta sp. nov.
differs from P. thunderbayensis Edhorn
(1973) in being robust and the trichome
fully covered by sheath.

ORDER - STlGONEMATALES

FAMILY - CAPSOSIRACEAE

Genus - Ghoshia gen. nov. Mandai & Maithy

Type Species - Ghoshia bifurcata gen.
et so. nov.

Diagnosis - Thallus heterotricbous, erect
filaments arising from a basal horizontally
creeping thallus, densely packed, truely
laterally branched, with cells in one or two
series; sheath absent; reproduction not
observed.

Etymology - In honour of Prof. A. K.
Ghosh, emeritus scientist, Department of
Botany, Calcutta University, Calcutta.

Ghoshia bifurcata sp. nov.
Mandai & Maithy

PI. 4, figs 29-31

Diagnosis - As for the genus with the
following characters; cells drum-shaped to
rectangular, dark coloure'd, constricted at
septa, 5 to 9.3 flm in diameter (average 5.5
fLm on 33 counts), wall about 0.5 flm thick
and surface psilate; branching irre~ular,

~
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Locality - 1 km east of Ruaud Village.
Holotype - PI. 4, fig. 30; slide no. 6817;

stage coordi n'ltes 52.5 x 95.2.
Etymology - With reference to forking

nature of erect filaments.
Discussion - Stigonematales is the most

evolved order among the blue-green algae.
This group of algae is characterised by
heterotrichous filaments with true branching
and multiplic3tion by hormogonia and hor
mocysts. The present taxon exhibits hetero
trichous habit and lateral branching which
appears to be true. Reproductive struc
tures, however, are not known. On the
basis of known v~getative characters, putting
more stress upon the true branching of
heterotrichous filaments, this form compares
well with the living algae Stauromatonema
Fremy (Desikachary, 1959, p. 5(7) be
longing to Stigonematales. Thus this is
the earliest fossil record of Stigonem'ltalean
algae. This group of algae is known pre
viously from the Middle Devonian of Rhynie
Chert (Croft & George, 1959). The present
record will m3.terialistically contribute to
the understanding of the early evolution
of form. The genus Choshia is common
in the assemblage.

INCERTAE SEDIS

Genus-Veslcophycus gen. nov. MandaI & Maithy

Type Species - Vesicophycus proble-
maticus n. sp.

PI. 3, fig. 25; PI. 4, fig. 32

Diagnosis - Solitary empty envelope,
ID'linly spherical or oval due to various
foldings on the surface; folds common
and irregular, surface without any ornamen
tation but rough. No pore or mark on
surface.

Etymology - With reference to nature
of vesicle and possible algal affinity.

Vesicophycus problematicus sp. nov.
Mandai & Maithy

Diagnosis - As for the genus.
Etymology - With reference to doubtful

nature of vesicles.
Holotype - PI. 4, fig. 32; slide no. 6816;

stage coordinates 43.2 x 101.4.

Locality - I km east of B3faud Village.
Comparison & Discussioll - Horodyski

and Donaldson (1980) described some large
envelopes as Archaeoellipsoides from Arctic
Canada which differs from Vesicophycus in
bei ng elli psoidal, pear or sausage-shaped.

In all probability, these are the empty
colony sheaths of coccoid forms which are
abundant in the assemblage. Two vesicles
were observed where 3-5 coccoid cells are
still present inside. These coccoid cells
are similar to the cells of Myxococcoides
compactus sp. nov. (PI. 2, fig. 17). In other
cases the rupture of the wall indicates
possibly the path for the outlet of the coc
coids. Other possibility is that some of
these vesicles used to contain zygospores
arid after their liberation from the vesicles
the empty vesicles become collapsed with
crumpled surface. As no comparable struc
ture with the present form is known a new
name Vesicophycus is erected to accom
modate the spherical empty sheaths.

DISCUSSION

Structurally well-preserved microbiota
comprising blue-green algae is recorded
for the first time from the Ajabgarh Group.
This is the most diversified Precambrian
biota from India. The assemblage com
prises 10 genera and 17 species. These
taxa represent four natural families be
longing to three orders - Chroococcales,
Nostocales and Stigonematales. The
presence of Stigonematales in the assemblage
has been suggested by vegetative characters.

The diversification of the assemblage is
evidenced by the varying morphology they
exhibit. Sheath is present conspicuously
in all the forms except Choshia, which may
ad pressed to the trichome (e.g. Palaeoscy
tonema indica) or loose (e.g. Palaeolyngbya
distinctica). In Primorivularia robusta
sheath is not discernible in the apical portion
of the trichome. The reproductive struc
ture observed in the filamentous forms is
honnogonia (e.g. Palaeoscytonema misrae).
Isolated hormogonia are also found in the
assemblage (PI. 2, fig. 15) which may belong
to P. misrae like forms. Heterocyst is
rare (PI. 3, fig. 23), but akinite or other
types of spores are totally absent. Vegeta
tive cells also show various shapes
quadrangular (e.g. Palaeolyngbya distinctica),
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rectangular (e.g. Pafaeoscytonema baraud
ensis) and discoidal (e.g. P. indica).

Basal cells in Palaeolyngbya indica is
bigger than the mecial c~1l whereas they
are smaller or of the same size as in Palaeo
scytonema indica. The assemblage is do
minated by the filamentous forms which
constitute 65 per cent of the total assemblage.
However, coccoid forms are common in
occurrence. It is interesting to note that
there is n;) tax'! of a single cell. The colonial
habit suggests higher level of evolutionary
stage. The colonies are in the form of
algal mat which ultilmtely form the bios
trome of the strom1tolite.

Branching perhaps h'\s em~rged as most
significant event in the assemblage. Re
cord of false (bteral) branching is m::agre
in the early rocks. E":lflier Edhorn (1973)
reported false branching in pfaeoscy
tonema moorhousii from Canada. Baraud
microbiota frequently exhibits false branch
ing (e.g. Palaeoscytonema intermingla and
P. indica). The branching in Ghoshia bifur
cata has been suggested to be true one and
therefore it has been pl3.ced in Stigone
matales, where true branching commonly
occur. If the suggested affinity of Ghoshia
with the more advlnced order of blue-green
algae stands right on the basis of true
branching then highest level of development
of vegetative characters occurred in Delhi
Supergroup. No other record of true
branching is known so far from the
Proterozoic. The earliest record of the
preserved Stigonematalean fonn is available
from the Middle Devonian Rhynie chert by
Croft and George (1959).

Comparison with other assemblages 
Structurally preserved microbiota are now
known from the various Proterozoic rocks
of India. However, the assemblages re
ported earlier by Maithy and Shukla (1977),
Maithy and Gupta (1983), Maithy and
MandaI (1983) from Vindhyans and Nautiyal
(1978) from the Kumaun Him3.laya are
comparable as they comprise coccoid and
filamentous forms comparable with blue
green algae. Chroococcaceae and Oscilla
toriaceae are also common in all the
assemblages. However, the Baraud assem
blage is entirely different from all the above
described assemblages in the dominance
of filamentous forms and total absence of
cryptarchs. In the Su ket Shale microflora
(Maithy & Shukla, 1977) wdl-preserved

diverse biota is known till today, which
is represented by Chroococcaceae, Oscilla
toriaceae and Scytonemataceae. The
present assemblage also contai ns these
families with more developed structures
such as hormogonia, heterocysts and with
freq uentIy branched filaments, which make
the assemblage unique. On the whole
the Baraud assemblage demonstrates ad
vancement in evolutionary level tha n the
Vindhyan biota though on geological evi
dences it is believed that Vindhyans are
younger than Delhi Supergroup.

The assemblage compares well with Bitter
Spring flora of Australia (Schopf, 1968;
Schopf & Blacic, 1971). In both the as
semblages Chroococcaceae, Oscillatoriaceae
and Rivulariac::ae appear to be common.
The Bitter Spring microflora is very rich
and much more diversified which contain
probable Chloroptlycean and Rhodophycean
algae, fungi and bacteria, which are absent
in B3.faud. Similarly in Scytonemataceae,
true and false branching and reproductive
structures are totally absent from the Bitter
Spring Formation. Thus on one hand
the appearance of eucaryotic organism is
significant in Bitter Spring while the appear
ance of true branching habit is most
significant feature in Baraud. This coin
cidence indicates that true branching and
nucleated cells probably appeared within
short time interval. Assemblages reported
by Edhorn (1973)-Animekie, Thunder
Bay, Ontario; Hofmann and Jackson (1969)
-Belchar island, Hudson Bay; Hofmann
(1976) - Belcher island; Oehler (1977)
H.Y.C. Pyritic Shale Member, Australia;Muir
(1976)-Amelia Dolomite, Australia; and
Maithy (1975)-Bushimay Supergroup, Zaire
differ in the constituents of micro biota.
Moreover, both false and true branching
present in this assemblage is characteristic.
. From the above comparison it is evident

that all the assemblages resemble in
common occurrence of Chroococcaceae and
Oscillatoriaceae. However, all of them
differ in point to point comparison due to
different climatic factors and evolutionary
scales. It is possible that the evolution
proceeded in more or less same direction
but with different forces in different basins.
According to Schopf and Blacic (1971) the
correlation is possible only over short dis
tances and when factors influencing species
dispersed are thoroughly considered.

I

~~,"
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The occurrence of such diverse micro
biota is a significant addition to the
Indian Precambrian record. Microbiota
known so far from the Vindhyans is not
diverse like from Baraud. However, more
slmpling covering wide ecologically varying

strata will certainly strengthen the basis
for closer correlation. It appears that
serious attempt is now needed before
putting any final comment on the correla
tion between Delhi Supergroup and Vin
dhyans.
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EXPLANATION OF PLATES

(All figures are X 1000 unless otherwise stated; stage coordinates given for Leitz Dialux-20)

PLATE 1

1. Myxococcoides inornata Schopf showing a small
cluster within organic matrix; phase interference
photograph, slide no. 6816, stage coordinates
58.4 x 98.2.

2. M. compactlls sp. nov., holotype; phase inter
ference photograph; slide no. 6818, stage co
ordinates 12.5 x 100.

3, 4. M. minor Schopf showing different number
of cells in the colony, slide no. 6818; fig. 3.
Stage coordinates 36 x 106; fig. 4. 43x 107.4.

5. A solitary cell, comparable with Huronispora
Barghoorn, seems to be detached from M.
inornata colony, slide no. 6818, stage coordinates
44.5 x 99.

6. GloeocapsamOlpha karauliensis Maithy &
Mandai, slide no. 6817, stage coordinates 30.7 x
106.

7. G. prisca Zalessky, slide no. 6818, stage coordi
nates 35 x 105.5.

8. Animikiea septata Barghoorn showing apical
part, slide no. 6816, stage coordinates 49.5 x 97.

9. Palaeolyngbya baraudensis sp. nov., slide no.
6816, stage coordinates 51.1 x 94:6.

PLATE 2

10, 11. Palaeolyngbya distinctica sp. nov. showing
thick sheath, quadrangular cells; phase inter
ference photograph; slide no. 6818; fig. 10, holo
type, stage coordinates 53 x 103.5; fig. 11,
31.3 x 100.2.

12. Palaeoscytonema indica sp. nov., holotype, slide
no. 6816, stage coordinates 62.7 x 95;x 500.

13. Palaeoscytonema misrae sp. nov., hoJolype, slide
no. 6816, stage coordinates 47.1 x 97.3.

14. A filament showing two-celled hormogonia,
slide no. 6816, stage coordinates 53.2 X
106.3.

15. An isolated hormogonia comparable with the
hormogonia of P. misrae; slide no. 6818, stage
coordinates 53.3 x 103.3.

16. Animikiea septata Barghoorn, apical portion,
slide no. 6816, stage coordinates 33.2 x
97.5.

17. An empty sheath of colony identical to Vesico
phycus gen. nov. still containing 3 cells inside
which are similar to Myxococcoides compactus,
slide no. 6816, stage coordinates 49.8 X
500.
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PLATE 3

18, 19. Animikiea sepIa/a Barghoorn, fig. 18, without
apex showing false septation, slide no. 6816,
stage coordinates 38.7 x 9604; fig. 19 showing
apex, false septation, slide no. 6816, stage co
ordinates 43.5 x 92.1.

20. Palaeolyngbya elonga/a sp. nov., holotype, note
granular nature of trichome prominent in the
apical part, slide no. 6816, stage coordinates
36.8 x 97; >~ 750.

21, 22. Palaeosey/onema in/ermingla sp. nov., show
ing false lateral branching; fig. 21, hoJotype,
slide no. 6817, stage coordinates 48.2 x 96.8;
fig. 22, slide no. 6816, stage coordinates, 4404 x
92.9.

23. A, Osci//a/oriopsis obtusa Schopf and B, Primori
vularia robusla sp. nov., holotype, slide no.
6817, stage coordinates 61.6 x 94.2.

24. Myxoeoceoides minor Schopf, slide no. 6818,
stage coordinates 5904 x 107.2.

25. M. compac/us sp. nov., slide no. 6818, stage
coordinates 36.5, x 107.5, x 500.

PLATE 4

26-28. Palaeoanacyslis vulgaris Schopf, fig. 26,
slide no. 6817, stage coordinates, 60 x 99,
x 500; fig. 27, a portion enlarged of fig. 26,
x 1000; fig. 28, slide no. 6816, stage coordi
nates 30.5 x 95.9, x 500.

29-31. Choshia bi/urea/a gen. et sp. nov., fig. 29
showing initiation of heterotrichous condition,
slide no. 6818, stage coordinates 39.3 x 106.8;
fig. 30, holotype showing true branching in
aerial filament, slide no. 6817, stage coordinates
52.5 x 95.2; fig. 31, slide no. 6817, stage co
ordinates 36 x 9604.

32. Vesicophycus problemalicus gen. et sp. nov.,
holotype, slide no. 6816, stage coordinates,
43.2 x lOlA.

,
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SIDHIPHYLLITES: A NEW GINKGOPHYTIC LEAF GENUS
FROM THE TRIASSIC OF NIDPUR, INDIA

SHYAM C. SRIVASTAVA

Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226007, India

ABSTRACT

Ginkgophytic leaves with carbonified crust, collected from Nidpur, have been de
signated as Sidhiphylliles flabellalus gen. et sp. nov. Though the cuticle lacks the
constant cuticular characters -of a ginkgoalean leaf, yet, morphographically the leaves
conform to the genus Ginkgoiles Seward.

Key-words - Ginkgophytic leaf, Sidhiphylliles, Nidpur, Triassic (India).
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INTRODUCTION

ALL the hitherto reported remains of
ginkgoalean leaves from India are
impressions. The leaves described he

re are the first re:;ord of compressions where
the epidermll structure is preserved. Gink
gophytes were not known from the Indian
Triassic until Lele (1961) who reported Baiera
indica from the Triassic of Parsora region in
South Rewa Gondwana Basin. Le1e (1961)
also referred some isolated segments of a
frond to ginkgophytes but their fragmentary
nature mIkes identification extremely diffi
cult. Quite recently, Maheshwari and
Blnerji (1978) described a ginkgoalean leaf
impression, Ginkgoites goiraensis, from the
Triassic sediments of Kamtadand in Parsora
regIon.

The generic name Ginkgoites has here
been used again in view of Harris' (1976)
observation that fossil Ginkgo or Ginkgoites
are similar looking leaves of considerably
different plants. Maheshwari and Banerji
(1978) had also followed the same proce
dure but in 1979, Zeba-Bano, Maheshwari
and Bose referri ng to Harris (1974) reado
pted the name Ginkgo for their forms.
However, in the present paper the generic
name Ginkgoites is revived.

Four leaf fossils revealing ginkgoalean
affiliations are being described which have
been collected from the Triassic sediments of
Nidpur where remains of Dicroidium pre
dominate and other fossils include remains
of Bryophytes, Glossopteridales, Pterido
sp~rmales, Cycadales, Coniferales associated
with chlracteristic unclassified leaves, scale
leaves, -s~eds and fructifications. These
leaves are rather quite rare. In external
form, the leaves conform to the genus
Ginkgoites instituted by Seward (1919) but
the cuticle lacks not only the remlrkably
constant epidermal features found in Gink
goales but also of Czekanowskiales.

Hence, keeping in view the significance
of epidermal characters which constitute
the best and only safe criterion for generic
assignment, the leaves are with good reaSon
being described as Sidhiphyllites gen. nov.

Genus -Sidhiphyllites gen. nov.

Sidhiphy/lites gen. nov.

Diagnosis - Leaf fan-shaped, lamina seg
mented; incision deep throughout, almost
reaching to base, segments lanceolate, base
slightly contracted, apex obtuse, margin

20



SRIVASTAVA-slDH1PHYLLlTES: A NEW GINKGOPHYTIC LEAF 21

entire. Veins bifurcating near base, fine,
extending upwards, dichotomising repeatedly
at acute angles, closely set, parallel to sub
parallel.

Lower surface slightly thicker, consisting
of stomatiferous and non-stomatiferous
zones, cells along the nonstomatiferous
zones over the veins rectangular, serially
arranged, interveinal zones wider than veinal
zones, cells of interveinal bands polygonal,
anticlinal walls straight or almost straight
with undulations, periclinal walls generally
smooth or thickened more often finely
marked by ridges; stomata irregularly dis
tributed, sparse, variably orientated,
stomatal pit narrowly elongated or some
times rhomboidal or more or less rounded,

subsidiary cells scarcely different from ad·
joining cells, at places diffused with ordinary
epidermal cells, 4-6 in number, inner margin
of subsidiary cells thinly cutinized, guard
c~lls feebly thickened, aperture slit-like.

Type Species - Sidhiphyllites flabellatus
sp. nov.

Sidhiphyllites flabellatus sp. nov.
PI. I, figs 1-8; Text-figs IA-E, 2A-C

1971 Noeggerathiopsis sp. Srivastava, p. 291,
pI. 6, figs 6, 7; text-fig. 7A-B.

Diagnosis - Leaf fan-shaped, incom-
pletely known, 3-5 em long, petiole and
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TEXT-FIG. 1 - Sidhiphyllites flabellatus gen. et sp. nov. A-D, showing venation; A, holotype no.
35444, X 3; B, specimen no. 35445, x 5; C. B.S,J.P. no. 33974, x 2; D, specimen no. 35446, x 2; E,
slide no. 35444/6534, showing distribution of stomata; stomatiferous and non-stcmaliferous zones; non
stomatiferous zones over the veins, x 250.



22 THE: PALAEOBOTANrST

B

~~:~;':~!\i\.
t -.: ~":"'~:;/'\\~"<tt.:.'.

- ;!, '\.'-~if,''.,. " 'I , ~"';' ~~:'..<~,; ~~1' ':J}' .f~~),:,,,'.:,- ...-.'<\·4~.~ ;;:"\". ':1~'.;~~. .1 '{.__., 'i:.f ~i~' '>.~'
'~i':.~· ..... ". ~ '7? ~~.:.\.~'~ . ,,' ~.- I" t J ..,..
{f~~.I·t!~~\/?_ '. ':;~i
~"'''''-' .~ ,. ,:)H...\ ...";'

t ":"'". "-:~:."'V~ ii.~~i~~~,
-··:~tt::t\.. !f:l?

-~ 'I., ;,;.~ )i'
, \:..' I.t '<! -;iI;'~

'~~':~{:f~
c ~.

TEXT-FIG. 2 - A, sh0wing a few stomata, slide no. 35444/6534, x 500; B, showing a sterna, slide
no. 35444/6535, x 500; C, showing epidermal cells from thinner side, slide no. 35444/6534, x 500.

apex broken, slightly wider, lamina seg
mented, incision equally deep throughout,
almost reaching to bas~, segments 6 or more,
symmetrically arranged, lanceolate; base
slightly contracted or more or less tapering
2-3 mm in width; apex mostly imperfect,
in a detached segm~nt somewhat rounded
or obtuse, mugin entire. Veins fine, cons
picuous, bifurClting near the base, in upper
half fairly close, concentration near middle
12-16 per cm.

Cuticle about 1 fLm thick, hypostom::ttic.
Upper surface thin, veins not m'lrked, cell
outlines occasionally distinct, usually with
faint undulations or sometimes incons
picuous, cells rectangular or slightly elon
gated, anticlinal walls more or less straight
with exceedingly fine sinuosites, periclinal
walls unsculptured.

Lower surface relatively thick, stomati
ferous z,:mes alternating with non-stomati
ferous zones, cells along the course of veins
elongate-rectangular, serially arranged; zones
between veins about 2-3 times as wide
as zones along v~ins, cells between
veins polygonal, occasionally isodiametric,
anticlinal walls straight or almost straight
with undulations, cell outlines often ill
mlrked sometimes wall sinuosity obscured
by thickenings, periclinal walls smooth

or showing variously-shaped thickenings,
often mHked by fine ridges, at places cells
partly thickened; stomata irregularly distri
buted, well-spaced, variably orientated,
stomatal pit narrow-elongate, su bsidiary cells
scarcely diffaent from adjoining cells, 4-6
in number, inner margin of subsidiary cells
feebly thickened; guard-cells thinly cutinized,
aperture slit-like.

H%type - No. 35444 of the Birbal Sahni
Institute of Palaeobotany, Lucknow.

Locality - G::lpad River near Nidpur,
Sidhi District, Madhya Pradesh, India.

Age - Triassic.
Comparison & Discussion - The presence

of ginkgoalean forms in the fossil flora of
Nidpur is not striking because leaves like
those of Ginkgo bi/oba occurred as far back
as the Triassic. The genus Ginkgo is, how
ever, recognized with certainty first only
in the Jurassic rocks, a time when the family
Ginkgoaceae is believed to have reached
its widest geographic distri bution in numbers
and diversity. In India, too, although the
record is far from complete, the genus
attained its prominence during the Jurassic
period.

Sidhiphyllites flabellatus has been recog
nized in its essential architecture with other
Mesozoic ginkgoalean leaves because these
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are built upon a similar plan of repeated
dichotomies, segmented lamina and diver
gent veins. But the cuticle of S. flabellatus
lacks the constantly occurring ginkgoalean
character, i.e. prominent papillae or cuti
nized lappets overhanging or overarching
the sunken guard-cells or that appeuing
as a slightly raised rim. However, since
the cuticular characters have proven to
be more stable indicators of affinity,
especially in the caSe of polymorphic leaves
as frequent among gi nkgophytes, here too,
much stress has been placed on its
distinctive epidermal feature.

In Krassilov's (1970) classification, S.
flabellatus tends towards the morphological
group (Ginkgoites & Baiera) which con
sists of fan-shaped and lobed lamina, bearing
stomata only on one surface. This identity
of S. flabellatus with the above mentioned
grouping is strengthened further through
close match in consistently divided lamina.
However, some species like Ginkgoites
sibirica Heer (1876), Ginkgoites hermilinii
Harris (1935), Ginkgoites tigrensis Archang
elsky (1965) and Ginkgoites cascadensis Brown
(1975) are comparable to S. flabellatus in
the incisions of lamina reaching almost
or quite up to the base.

Apart from these aforesaid morpho
graphic similarities, the two genera, Sidhi
phyllites and Ginkgoites, demonstrate funda
mental differences in cuticular structure.
The subsidiary cells arou nd the guard cells
in the cuticles of Ginkgoites species show
a varying degree of development of papillae
projecting over the stomatal pits, a feature
absent in the new genus Sidhiphyllites.
However, S. flabellatus in its epidermal
structu re approaches closely Baierophyllites
florinii described by Jain and Delevoryas
(1967) from the Middle Triassic of Argentina
in the smooth nature of epidermal and
subsidiary cells and lacking the cutinized
lappets overarching guard-cells. But in ex-

ternal morphology, B. florinii differs from
S. flabellatus having linear leaves without
distinction into petiole and lamina.

Of the Indian species of Ginkgoales, G.
goiraensis Maheshwari & Banerji (1978)
differs from S. flabellatus in having asym
metric:dly incised lamina along with sparse
veins; Ginkgoites lobata (Feistmantel) Seward
& Sahni (1920) in its wedge-shaped lamina;
Ginkgoites crassipes Feistmantel (1879) in
possessing undivided lamina; Ginkgoites
feistmantelii Bose & Dev (1959) in bearing
more or less reniform lamina and Gink
goites rajmahalensis Sah & Jain (1965) (=
Ginkgo rajmahalensis of Zeba Ba no, Mahesh
wari & Bose, 1979) in having linear, club
shaped asymmetrically placed segments with
veins converging towards apex.

Of the above mentioned Ginkgoites species
only G. feistmantelii and G. rajmahalensis
have yielded cuticles but their structural
details are not adequately known because
of imperfect preservation and hence no
comparison could be made with S.
flabellatus.

Affinity - The evidences at hand amply
support the assignmen t of S. flabellatus
to a new genus. Further, its morphographic
data constitutes a convincing argument to
settle its relationship to Ginkgoales with
equal certainty. However, differences in
epidermal structure of Sidhiphyllites flabel
latus with those of other Ginkgoalean forms
seem significant enough to preclude its
identification with existing forms of Gink
goaceae.

ACKNOWLEDGEMENTS

I wish to express my gratitude to Dr
Sukh Dev for his valuable comments. My
thanks are also due to Mr P. K. Pal for
his assistance in the preparation of some
slides.

REFERENCES

ARCHANGELSKY, S. (1965). Fossil Ginkgoales from
the Tic6 Flora, Santa Cruz Province, Argentina.
Buff. Br. Mus. (nat. Hist.), Ceol., 10 (5): 119-137.

BOSE, M. N. & SUKH-DEV (1958). Studies on the
fossil flora of the Jabalpur Series from the South
Rewa Gondwana Basin-I. Cyc,7dopteris, Nipa
niophyffum and Cinkgoites. Palaeobotanisl, 7 (2):
143-154.

BROWN, T. J. (1975). Upper Jurassic and Lower
Cretaceous ginkgophytes frem Montana. J.
Paleont., 49 (4): 724-730.

FEISTMANTEL, O. (1879). The fossil flora of the
Upper Gondwana. Outliers of the Madras Coast.
Mem. geol. Su/'v. India Palaeont. indica, ser. 2,
1 (4): 191-224.



24 THE pALAEOnOTANls'r

HARRIS, T. M. (1935). The fossil flora of Scoresby
Sound, East Greenland, 4. Meddr Grq,nland,
112: 1-176.

HARRIS, T. M. (1976). The Mesozoic gymnosperms.
Rev. Palaeobot. Palynol., 21: 119-134.

HEER, O. (1876). Beitrage zur Jura-Flora Ostsibi
riens und des AmurJandes. Mem. Acad. Imp.
Sci. St. Petersb., 22 (7): 1-222 (Fl. Foss. Arc/ica
4).

JAIN, R. K. & DELEVORYAS, T. (1967). A Middle
Triassic flora from the Cacheuta Formation from
Minas de Pdroleo, Argentina. Palaeontology,
10 (4): 564-589.

KRASSILOv, V. A. (1970). Approach to the classi
fication of Mesozoic "Ginkgoalean" plants
from Siberia. Palaeobotanist, 18 (I): 12
19.

LELE, K. M. (1961). Studies in the Indian Middle
Gondwana Flora-2. Plant fossils from the

South Rewa Gondwana Basin. Palaeobotanist,
10 (2): 69-83.

MAHESHWARI, H. K. & BANERJI, J. (1978). On a
Ginkgoalean leaf from the Triassic of Madhya
Pradesh. Palaeobotanist, 25: 249-252.

SAH, S. C. D. & JAIN, K. P. (1965). Ginkgoites
rajmahalensis sp. nov. from the Rajmahal Hills,
Bihar, India. Palaeobotunist,13 (2): 155-157.

SEWARD, A. C. (1919). Fossil Plants, 4. Cambridge
Univ. Press.

SEWARD, A. C. & SAHNI. B. (1920). Indian Gond
wana plants: A revision. Mem. geol. Surv. India
Palaeont. indica, n. ser., 7 (I): 1-41.

TRALAU, H. (1968). Evolutionary trends in the
genus Ginkgo. Lethaia, 1: 63-101.

ZEBA-BANO, MAHESHWARI, H. K. & BOSE, M. N.
(1979). Some fossil plant retnains from Pathar
gama, Rajmahal Hills, Bihar. Palaeobotanist,
26 (2): 144-156.

EXPLANATION OF PLATES

Sidhiphyllites flabellatus gen. et sp. nov.

I. Segmented leaf, showing symmetrically dissected
lamina. Holotype no. 35444. x I.

2. Holotype enlarged, showing repeatedly dicho
tomising veins. Specimen no. 35444. x 2.

3. Specimen BSIP no. 35445. x I.
4. Specimen figured in no. 3 enlarged, showing

venation. Specimen no. 35445.x 3.

5. Specimen no. 35446. x I.
6. Cuticle of thicker side showing a few stomata.

Slide no. 35444/6534. x 500.
7. A stoma. Slide no. 35444/6535. x 500.
8. Epidermal cells of thicker side showing unusually

thickened anticlinal-walls. Slide no. 35444/6536.
X 500.
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PALYNOLOGICAL SUCCESSION OF THE LO\i\lER GOND\i\lANA \.
SEDIMENTS IN UMARIA COALFIELD, MADHYA PRADESH,

INDIA

SURESH C. SRIVASTAVA & ANAND-PRAKASH

Birbal S:lhni Tn,titute of Palaeobotany, 53 University Road, Lucknow 226 007, India

ABSTRACT

Palynological investigation of the Lower Gondwana sediments from Umrar River
section and Umaria Coal Mine, Umaria Coalfield has been described. Four miofloral
zones have been recognized. The first zone is characterized by the dominance of Callu
mispora+Jayanfisporiles and the second wne is marked by the dominance of Parasaccites
and belongs to Lower and Upper Karharbari miofloras respectively. Miofloral Zone-3
has the dominance of Scheuringipollenites, whereas Miofloral Zone-4 shows the overall
dominance of striate-disaccate pollen grains representing the Lower and Upper Barakar
miofloras in succession.

Key-words - Palynology, Ca/lumispora, Jayantisporifes, Parasaccites, Scheuringi
pollenites, Umaria Coalfield, Lower Gondwana (India).
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INTRODUCTION dating by Feistmantel (1882) and Hughes
(1885). Chandra and Srivastava (1982)

THE Umaria Coalfield is situated in have also described three species of ,Gan
South Rewa Gondwana Basin gamopteris, four species of Glossopteris,
between longitudes 80°47'-80°56' and and few equisetalean stems from Umaria,

latitudes 23°29'-23°38'. Feistmantel (1882) and equated their assemblage with the
and Hughes (1885) first described the plant known KHharbari assemblages. However,
fossils from the CJal-bearing beds. Maithy Fox (1931) considered them to be Barakar
(1966) recorded Gangamopteris cyclopteroides in age and thus the age of the coal-bearing
Feistmantel, Glossopteris indica Schimper, beds remained a controversial subject. In
Noeggerathiopsis sp., Cordaicarpus zeilleri addition to these, Tripathi (1952) discovered
Maithy, cf. Gondwanidium sp. and few some megaspores from the coal horizon
equisetale3.n stems. He also recorded 15 of Umaria Coalfield. The Talchir For
miospore genera, majority of monosaccate mation including the marine intercalations
pollen grains, and thus snggested a Kar- were studied by Lele and Chandra (1969,
harbari age for the coal-bearing beds of 1972) and Chandra and Lele (1979). The
Umaria Coalfield conforming to the earlier miofloral records were rather poor but
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the marine bed yielded considerably rich Supra Barakar
acritarchs. Thus, obviously, the knowledge
regarding palynological fossils of the Lower
Gondwana sediments of Umaria Coalfield Barakar
remains incomplete and hence to fill the
lacunae an attempt has been made here
to work out a palynostratigraphic succession Talchir
of sediments.

Massive, conglomeratic, pebbly
and gritty, white sandstone with
intercalations of red clay

Massive, medium to coarse
grained sandstone, shale and
coal seams

Marine bed, greenish pebbly
sandstone, clay and shales

. .

The Lower Gondwana sediments are
deposited over the Archeans which are
exposed towards west, north and southern
p:ut of the coalfield. The oldest formation,
i.e. Talchir Formation, rests over the meta
morphics and is exposed along Umrar River
and a few tributaries south and south-west
of Umaria. The marine fossiliferous beds

GEOLOGY

The geology of the area was first studied
by Medlicott (1860) and later by Hughes
(1879-81). Gee in 1928 proved the existence
of workable coal seams. Later, Venkata
ppayya, Deshmukh and Srivastava (1960)
mapped the area in detail. The known
geological formations in the UmHia Coal
field are as follows (Mapi) :

23·

35'1 INDEX
,••••·1 TRAP }{

~ SUPRA BARAKAR 1F:»:":·I BARAKAR

t-:-::3 TALCHIR

~ METAMORPHICS

[TI VIELDING SAMPLES

0 I Mile
I ,

Metamorphics Gneisses and schists

MAP 1 - Geological map of the Umaria Coalfield, Madhya Pradesh (after Hughes, 1884).
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are exposed in the railway cutting near
Narsarha nala north-west of Umaria railway
station. The B3.rakar Form3.tion overlies
the Talchir Formation and is the principal
coal-bearing horizon in this coalfield and
includes massive, medium to coarse-grained
sandstones, shale and six c03.1 seam,. The
succession of these sediments is exposed
along Umrar Rivu which ultim3.tely traverses
into Supra BJrakar sediments in the northern
part of the Unnria Coalfield.

The general succession of coal seams in
this area is as follows:

Seam T
Parting
Seam H
Parting
Seam III
Parting
Seam IV
Parting
S;:am V

Parting
Seam VI

1.2-1.5 m
12.1 m
1.5-2.4 m

24.3-27.4 m
1.5-3.9 m
2.7-7.0 m
1.5-2.1 m

12.1 m
1.0 m (Exposed near the

railway bridge)
24.3 m

1.2 m (Exposed near the
Jwalamukhi temple)

TABLE 1- SHOWING DETAlLS OF SAMPLES COLLECTED FROM THE UMARIA COALFIELD

SAMPLE
No.

GI

G2
G3
G4
G5
G6
G7
G8
G9
G10
Gil
GI2
Gl3
Gl4
Gl5
Gl6
G17
GI8

Gl9
G20
G21
G22
G23
G24

LOCALITY

Near Kalesar Ghat

Bdl~w railw~y bridge

South of railw'~y bridge

"
"

"

LITHOTYPE

Umrar River Section

Sandstone

Fine grained sandstone
Coarse grained sandstone
Sandy Shale
Sandstone
Sandstone
Sandstone
Medium grained sandstone
Carbonaceous shale
Sandstone
Sandstone
Sandstone
Top sandy shale (2 m)
Carbonaceous shale
Carbonaceous shale (2 m)
Sandstone
Sandstone
Sandstone

Railway Cutting

Sandstone
Boulder bed
Sandstone
Needle shale
Needle shale
Basement rock

ACE

Supra
Barakar?
Barakar?
Barakar
Barakar
Barakar
Barakar
Barakar
Barakar
Barakar
Barakar
Barakar
Barakar
Barakar
Barakar
Barakar

Talchir

Talchir
Talchir
Talchir
Talchir
Talchir
Archean

MIOSPORE
OCCURRENCE

++

++

Spicules?

++
++
++

+

un
un

Jwalamukhi Temple

Tributary of Umrar River Coal
On the bank facing the Coal

temple

Barakar
Barakar

++
++

Barakar

2
3

4
5

Umaria Coal Mine

Bottom coal+underlying
shale - III seam

Top Coal III Seam
Carbonaceous shale over-

lying III seam
Coal- IV Seam
Coal- V Seam

Note: + +, rich in miospores; +, miospores rare; -. miospores absent.

+
+
+
+
+
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TABLE 2-SHOWING PERCENTAGE COMPOSITION OF MIOSPORE GENERA IN THE
YIELDING SAMPLES UNDER STUDY, UMARIA COALFIELD

UMRAR RIVER SECTION

South of Rly. bridge
GI5 GI4 GI3

Rly. bridge
G9 G4

~

GENERA/SAMPLE No.

Leiotriletes
Callumispora
Hennellysporites
Cydogranisporites
Verrucosisporites
Lopbotriletes
Brevitriletes
Pseudoreticulatispora
Horriditriletes
M icrobaculispora
lndotriradiles
Potonieitriradites
Jayantisporifes
Parasaccites
Caheniasaccifes
Potonieisporites
Vestigisporites
Plicalipolleniles
Crucisaccifes
Virkkipolleniles
Plafysaccus
Strialiles
Primuspollenites
Rhizomaspora
LlIhirites
$Irialopodocarpiles
Hindipollenites
Faunipollenites
llliniles
Vesicasporll
Scheuringipolleniles
lbisporites
Tiwariasporis
Ginkgocycadophylus
Pilasporiles
Maculatasporifes
Leiosphaeridia

]WALA
MUKHI
TEMPLE
U1/I +2

3.0
30.0

1.0

5.0

5.0

31.5
2.5

1.0
1.0

1.0

1.0

1.0

5.5
0.5

7.0
1.0

3.0

21.0
1.0

1.5

16.0

47.0
5.0

1.0

1.0

1.0
2.0
0.5
1.0

1.0
7.0
2.0

1.0
1.0

23.0

56.0
2.0

1.0

1.0
1.0

2.0
1.0

1.0

0.5
4.0
1.0
1.0

1.0

6.0

40.0
24.0
2.0

2.0
9.0

0.5
1.0

0.5

4.0

1.0
2.5

4.0
1.0

0.5

7.0

3.0
2.0

11.0

33.0

2.0
5.0
9.0
1.0
4.0
2.0

1.5

1.5

5.0
2.5

3.5

1.0

1.0

2.0
12.0
1.0

2.0

6.0

1.0
2.0

11.0
14.0

8.0
8.0
1.0

11.0
2.0
9.0
3.0
1.0
4.0

2.0

2.0

UMARIA
COAL
MINE

5

1.0
2.0

1.0

9.0

5.0
0.5

1.0
1.0

1.0
3.0
4.0
5.0
0.5

7.0

8.5
2.5

17.5
24.0

1.0
2.0
3.0
0.5

PALYNOLOGICAL SUCCESSION

The palY,10fo3sils recov~red consist of
following 38 genera:

Leiotriletes, Callumispora, Hennelly-
sporites, Cyclogranisporites, Lophotriletes,
Verrucosisporites, Brevitriletes, Pseudoreticu
latispora, Horriditriletes, Microbaculispora,
Microjoveolatispora, Potonieitriradites, Indo
triradites, Jayantisporites, Parasaccites,
Caheniasaccites, Potonieisporites, Vesfigis
porites, Plicatipollenifes, Crttcisaccites,
Virkkipollenites, Platysaccus, Striatifes,
Primuspollenites, Rhizomaspora, Lahirites,
Sfriafopodocarpites, Hindipollenites, Fauni
pollenites, Illinites, Vesicaspora, Scheuringi-

pol!enites, Ibisporites, Tiwariasporis, Cink
gocycadophytus, Pilasporites, Maculata
sporites and Leiosphaeridia

Of all the above genera Callumispora,
Jayantisporites, Parasaccites and Scheurin
gipol/enites play an imp;)rtant role being
the dominant ones. The other genera in
order of dominance are _. BreJlitriletes,
Microbaculispora, Potonieitriradites, Indotri
radites, Plicatipollenites, Striatites, Striato
podocarpites and Faunipollenites. On the
blSis of the quantitative distribution four
miofloral zones have b;:en distinguished.

Miofloral Zone 1 - This is characterised
by the dominance of the genus Jayantis
porites. This taxon is present up to 31 per
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cent in Sample no. UJ/1+2, increases to
56 per cent in Sample no. G14, declines
to 40 per cent in Sample no. G 13 and finally
disappears in the younger sediments.
Callumispora shows its maximum frequency
in Sample no. UJ/l +2 (30 %) and then
declines gradually in the younger sediments.
The third taxon in significance is Micro
bacuUpsora which marks an increasing
tendency from Sample no. UJ/l + 2 (5 %)
to G15 (16 %) and attains maximum in GI4
(23 %) and then declines gradually in further
younger samples. Vesicaspora and Gink
gocycadophytus although present consistently
are in decreasing order from older to younger
sediments.

Miofloral Zone 2 - This assemblage zone
is marked by the dominance of Parasaccites
(33 % in Sample no. G9) which was sub
dominantly present in G 13. The mono
saccates are further increased by the
representation of Plicatipollenites (9 %),
Crucisuccites (I %), Virkkipollenites (4 %),
Vestigisporites (5 %) and Potonieisporites
(2 %) and thus bringing a total average of
54 per cent. Among the zonate tril~tes,

Jayanlisporites is absent and P_otonieitri
radites is present up to II per' cent.
Apiculate triletes also increase to 10 per
cent.

Miofloral Zone 3 - The mioflora of the
coal samples (Sample no. 5) from Umaria
Coal Mine Shows an overall dominance of
nonstriated-disaccate pollen grains (58 %),
maximum being represented by Scheurin
gipollenites (24 %). Vesicaspora shows its
maximum (17 %). Primuspollenites (5 %)
and lndotriradites (9 %) are present only
in this sample. Apiculate triletes are, how
ever, reduced to 4 per cent and so .are the
monosaccate pollen: gr;airts (8 %). Striated
disaccates increase to 18 per cent.

Miofloral Zone 4 - Sample no. G4 of
the Umrar River Section shows maximum
development of striated-disaccate pollen
grains (46 %), being represented by Sll'iatites
(14 %) and Faunipollenites (II %). Tiwal'ia
poris rises to 4 per cent. On the other
hand, Vesicaspora and Scheul'ingipollenites
decline to subdominance in the present
sample.

COMPARISON

The Talchir sediments of the railway
cutting have not yielded sufficient miospores

and hence a quantitative estimation of the
mioflora could not be made. However,
the genera identified among them resemble
qualitatively with the known Talchir
miofloras. Lele and Chandra (1972) also
made similar observation from the marine
beds of the Umaria Coalfield.

The coal seam (sample UJ/l +2) exposed
in the tributary of Umrar River near
Jwalamukhi Temple shows a combined do
minance of Callumispora + Jayanlisporites.
The dominance of Callumispora is known
from the Lower Karharbari seam of the
Giriclih Coalfield (Srivastava, 1973) but
the percentage of Paiasaccites and Brevi
triletes are higher in the latter. Jayanti
sporites was first recorded from the Talchir
Formation of the Jayanti Coalfield by Lele
and Makada (1972) but quantitatively it
was rare in the Talchir and Karharbari
formations of the Jayanti Coalfield. Later
on its presence in association with Callumis
pora waS rec;)rded in the Chirimiri Coalfield
(Srivastava, 1980b; Lower Karharbari;
Paradol-Chirimiri railway cutting, Sample
no. CR/l5) and also the Lower Karharbari
mioflora of North Karanpura Coalfield
(Sri vastava, 1980a; Honhe area; Sample
no. B/5). However, the dominance of
Jayal1lisporites is the first record from Umaria
Coalfield and its maximum development
has been recorded in the sediments exposed
in Umrar River (Sample nos. GI5-GI3)
where Callumispora shows a declining phase.
Instead the genus Microbaculispora attains
significance. In the Lower Karharbari
miofloras of Chirimiri (Srivastava, 1980b)
and North Karanpura (Srivastava, 1980a)
coalfields Microbaculispora also forms the
subdominance. In Korba Coalfield (Bharad
waj & Srivastava, 1973, younger phase of
Zone I), however, Callumispora is associated
with Pal'asaccites and Brevitriletes. The
above comparison shows that the coal seam
exposed near Jwalamukhi temple and the
Sample nos. G15-G13 of Umrar River
belong to the same group, the Lower
Karharbari, the former being the oldest.
The coal seam exposed near Jwalamukhi
temple also represents the oldest coal seam
(Seam VI) of the Umaria Coalfield. In
this respect the carbonaceous shale (Sample
no. G9) associated with a coal seam exposed
below the railway bridge shows maximum
development of radial monosaccates and
is associated with a zonate trilete genus
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MIOFLORAL
ZONES

GENERA
LEIOTRILETES
CALLUMISPORA
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MICROBACULISPORA
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FAUNIPOLLENITES
ILLINITES
VESICASPORA I
SCHEURINGIPOLLENITES r
TIWARIASPORIS
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Potonieitriradites. The apiculate triletes also
incre'3.se in their percentages. The older
subzone of Zone 2 in the Korba Coalfield,
(Bharadwaj & Srivastava, 1973), the Kauakoh
Nala Section of the Chirimiri Coalfield
(Srivastava, 1980b) shows similar dominance
of Parasaccites but do not contain zonate
triletes similar to Sample no. 09 of Umrar
River. The Upper Karharbari seam of
the Giridih Coalfield is dominant in Illinites
+ Vesica,pora and is different from the
present mioflora. Thus, the coal seam
exposed below the railway bridge, i.e. Coal
seam V of the general sequence, represents
the Upper Karharbari seam of the Umaria
Coalfield.

The mioflora of the coal seam (Sample
no. 5) being worked out in Umaria Coal
Mine shows a significant variation from
the above miofloras rich in nonstriated
disaccates, chiefly Scheuringipollenites and
Vesicaspora, and striate-disaccates in general
follow the subdominance. Among the
zonate trilete, Indotriradites is significant.
Although the Upper Karharbari seam of
the Giridih Coalfield contains a significant
amount of Vesicaspora and thus bears a
close affinity with the coal seam of Umaria
Coal Mine, yet it differs in having larger
percentages of monosaccates. Similar as
sociation of Scheuringipollenites is also
described by Bharadwaj and Tripathi (1978)
from South Karanpura Coalfield (Table 4,
Roof Shale, Argada ' S ' Seam, Assemblage
Zone A). In the Barakar type area, i.e.

Oiridih (Srivastava, 1973; Zone 1), and
Pench-Kanhan coalfields (Bharadwaj,
Navale & Anand-Prakash, 1974). All these
assemblages are dominated by nonstriated
disaccates (Scheuringipollenites) and the
striated-disaccates come next to them.
Monosaccates are rare. Maithy (1966) des
cribed a mioflora from the shales of New
Umaria Colliery showing the dominance
of monosaccate pollen grains. The present
mioflora being dominant in nonstriated
disaccates does not compare at all.

The youngest assemblage in the present
investigation has been recorded in Umrar
River Section (Sample no. 04) which shows
the dominance of striated-ctisaccate pollen
grains (Striatites + Faunipollenites). Non
striated-rusaccates form the subdominance.
The apiculate triletes are chiefly represented
by Brevitrifetes. Striated-disaccate mioflora
is characteristic of the Upper Barakars
(Tiwari, 1973, Zone V) and similar mioflora
is also reported from North Karanpura
Coalfield (Kar, 1973, Zone VI). In South
Karanpura Coalfield the striated-disaccate
rich assemblage is present in Argada A
and Argada B seams of Saunda Block,
(Bharadwaj & Tripathi, 1978; Assemblage
Zone B) which compares closely with those
of sample no. 04 in Umrar River Section
of Umaria Coalfield representing the Upper
Barakar mioflora.

The palynological succession of the
Umaria Coalfield in the present investiga
tion may be summarised as follows:

BARAKAR

KARHARBARI

UPPER ZONE-4 G4 Slriariles Dominant
Umrar River Fallnipolleniles Subdomioant

LOWER ZONE-3 Umaria Coal Schellringipollelliles Dominant
Mine (sample Vesicaspora Subdominant
no. 5)

UPPER ZONE·2 G9 Parasacciles Dominant
Umrar River POlonieilriradires Subdominant

LOWER ZONE-l Gl5·Gl3 Jayanlisporiles Dominant
Umrar River Microbaculispora Subdominant
lwalamukhi Jayonlisporires+ Dominant
Temple Callumispora

Microbaculispora Subdominant

the Raniganj Coalfield, Scheuringipollenites
is present in Zone 4 (Tiwari, 1973) a nd thus
compares with the present mioflora. Similar
dominance is also known from Korba,
(Bharadwaj & Srivastava, 1973; Zone 3),

CONCLUSION

The present investigation has revealed that
almost a complete sequence from Talchir
to Barakar (Upper) formations is developed
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in Umaria Coalfield, indicating the presence
of a considerably reduced thickn~ss of
Barakar sediments in the area as compared
to the other Lower Gondwana coalfields.
The coal- bearing horizon extends from
Lower Karharbari to Upper Barakar. The
coal seam (youngest) being worked at

Umaria coal mine compares with known
Lower Barakar miofloras. Further, Supra
Barakars in the northern part of the
coalfield may have concealed even younger
sediments add also a good reserve of coal
of economic value.
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OCCURRENCE OF ANACARDIACEOUS \i\TOODS IN THE
TERTIARY OF WESTERN INDIA

J. S. GULERIA

Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, India

ABSTRACT

The present paper deals with two fossil woods of the family Anacardiaceae showing
closest resemblance with the woods of the extant genera Glllia L. and Mangifera L.
The former is described from the Banaskantha District of Gujarat and the latter from
the Jaisalmer District of Rajasthan. The occurrence of these woods during the Tertiary
in the above areas indicates that the climatic conditions were definitely more humid at
the time of deposition of these woods than the present dry desertic conditions.

Key-words- Anacardiaceous woods, Gll/loxylon, Mangl[eroxylon, Gujarat, Raja
sthan, Tertiary, India.
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INTRODUCTION

VERY little work has been done so
far on the Tertiary megaflora of
western India (Gujarat & Rajasthan).

The earliest known megafossils from Gujarat
are two palms, viz., Palmoxylon mathurii
and P. seriatum and a cylindrical reed
like stem Culmites cutchensis belonging to
the family Gramineae described by Sahn.i
(1932, 1964) which are believed to come
from the Cretaceous of district Kachchh.
However, the locality and the age of these
monocot fossils is doubtful and may most
probably be Tertiary. Ghosh and Ghosh
(1959) were the first to describe a dicot
wood from the Tertiary beds of Kachchh.
Su bsequently, Prakash and Dayal (1968),
Lakhanpal et al. (1975), Awasthi et al.
(1980), Lakhanpal and Guleria (198l),
Awasthi et al. (1982), Lakhanpal and Guleria
(1982), Guleria (1983, 1984), Guleria and
LakhanpaI (in press) have described a

3~

number of fossil woods, leaves and fruits.
They belong to the following families:
Combretaceae, Dipterocarpaceae, Lauraceae,
Leguminosae, Lythraceae, Moraceae,Palmae,
Pandanaceae, Podocarpaceae, Sapindaceae,
Sterculiaceae and Rutaceae. The only other
record of meg?fossil from Gujarat is a
fossil wood of Terminalia described by
Mahabale and Deshpande (1965) from
Ghala in the Surat District.

From Rajasthan, La Touch.e (1911, p. 34)
reported the occurrence of angiosperm leaves
from Barmer Sandstone. Later on, Bose
(1949, 1950, 1952), Kaul (1951), Lakhanpal
and Bose (195l) and Lakhanpal (1964)
described a few angiospermic leaf-impres
sions and fruits from the Palaeocene-Eocene
beds of the Barmer District. Some of
them have been assigned to the families
Guttiferae and Palmae. Das Gupta (1977)
reported the occurrence of fossil leaves
belonging to the family Combretaceae,
Euphorbiaceae and Verbenaceae. Recently,

f
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FAMILY - ANACARDIACEAE

Gluloxyloll burmense (Holden) Chowdhury, J952

Genus - Glutoxylon (Chowdhury) Prakash &
Tripathi, 1969

'"

&Melanorrhoeoxylon Prakash
Tripathi, 1976.

1976

1978 Glutoxylon kalagarhense Trivedi
& Ahuja, p. 135 figs 1-4.

PI. 1, figs 1·4

The description is based on two small
pieces of petrified woods which are dark
brown in colour. Although the specimens
are twisted and crUShed they exhibit fairly
good preservation.

Topography - Wood diffuse porous (PI. 1,
fig. I). Growth rings indistinct. Vessels
small to large (mostly medium to large),
t.d. 44-280 fl.m, r.d. 48-300 fl.m, circular
to oval in shape, sometimes flattened due
to compression, solitary or in radial mul
tiples of 2-3, 5-10 per sq mm; tyloses
abundant, sometimes completely occluding
the vessels (PI. I, fig. I); vessel members
380-860 fl.m in length with slightly oblique
end walls; perforations simple; intervessel
pits 8·10 fl.m in diameter, bordered, alternate,
circular to oval with lenticular aperture.
Parenchyma paratracheal as well as apotra
cheal (PI. 1, fig. 1); paratracheal parenchyma
scanty, forming 1-2 celled sheath around
the vessels; apotracheal parenchyma in
the form of narrow bands, irregularly spaced,
5-9 per mm, mostly 1-3 (4-5) cells wide;
parenchyma cells circular to oval, some
times flattened. Xylem rays simple and
fusiform (PI. 1, figs 2, 3), simple rays fine,
1-2 (mostly 1) senate or 8-24 fl.m wide,
homo-to weakly heterocellular (PI. 1, fig. 4),
4-17 cells or 80-400 fl.m in height; fusiform
rays 3-4 cells or 80-88 fl.m wide with single
radial gum duct in the middle (pI. 1, fig. 3);

.
Palaeogene assemblage, the dicot woods
collected from this locality (which will be
described elsewhere) show Neogene type
of assemblage. Hence, for the time being
the age of this fossil wood may be con
sidered probably ?Upper Tertiary.

36

Deshmukh and Sharma (1978) described
a few dicot leafimpressions resemblingAlnus,
Betula, Sapindus and Ulmus belonging to
the temperate families alongwith a vegeta
tive twig of Salvinia. Without going into
details, it is pointed out that the identifica
tion of the dicot leaf-impressions of
Deshmukh and Sharma are wrong and
need reinvestigation as they have tried to
match their leaves with the European
forms without giving any thought to the
morphological characters of their fossils.
For example, the margin of the leaves in
their type' A ' and' B ' are entire whereas
in the comparable form (Ulmus), the margins
are serrate. In addition to these impres
sions, Garg (1977) reported a solitary piece
of a palm wood from the Deccan Trap beds
of the Banaswara District.

Thus, it is evident from the above resume
that none of the megafossils reported so
far from the western India belong to the
family Anacardiaceae. Hence, it was
thought that the woods of this family which
have been collected from two different parts
of western India, viz., Banaskantha District
of Gujarat and Jaisalmer District of Raja
stan be reported together. The occurrence
of fossil woods near the village Charanka
(Map 1) in the Banaskantha District had
been reported long back by Wynne (1872,
p.l17). The author collected the fossils
for the first ti me from t his area in November
December, 1980. During the same field
excursion he collected the Tertiary dicot
woodS from near village Habur (Map 1)
in the Jaisalmer District. To my
knowledge, this forms the first record of
the Tertiary dicot woods from anywhere
in Rajasthan. .

The wood specimens which come from the
Banaskantha District of Gujarat belong to
the Khari Series which is Lower Miocene in
age (Biswas & Raju, 1973). The age of the
wood specimen from the Jaisalmer District
is uncertain. However, the abundance of
petrified dicot woods in the locality and
the assemblage under investigation indicate
that they belong to Tertiary. It is interest
ing to note that these woods were found
scattered on a small hillock of the Pariwar
Formation (Cenomanian). The overlying
rocks are absent in the locality. Tertiary
rocks in the vicinity are of Palaeocene
Eocene (Sanu & Khuiala formations)
age (Das Gupta, 1977). Contrary to the
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MAP 1

24-36 per mm, tangential height of upright
ray cells 40-56 fI.m, radial length 36-48 fl-m,
tangential height of procumbent cells 16-24
fl-mand radial length 60-96 fl-m. Fibres
aligned in radial rows between the two
consecutive xylem rays, thick-walled, non
septate.

Affinities - The above characters indicate
that the fossil in all its anatomical features
shows close similarity with the modern
wood of Gluta.

Chowdhury (1934, 1936) instituted the
genus Glutoxylon for the fossil wood re
se,nblin~ Gluta and such woods of Melano/'-
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rhoea which have thin apotracheal bands
of parenchyma while describing Glutoxylon
assamicum from the Tertiary of Assam.
In 1952, he transferred Glutoxylon assami
cum to G. burmense (Holden) Comb. nov.
alongwith many other genera and species
(Chowdhury, 1952, p. 376). This species
was further reported by Chowdhury and
Tandon (1952), and Ghosh and Taneja (1961)
from the Tertiary beds of Midnapur
District, West Bengal and Tripura res
pectively. Prakash and Tripathi (1969)
emended the diagnosis of Glutoxylon
Chowdhury (1936) while reporting G. bur
mense from a new locality of Hailakandi
in Cachar District of Assam. Further,
on the basis of their study of living woods
of Gluta and Melanorrhoea they observed
that the woods of these two genera can
be divided into two groups. One of the
groups includes all the species of Gluta and
those Melanorrhoea having thin apotracheal
parenchyma bands 1-7 (usually 2-4) cells
wide and the second group includes only
some species of Melanorrhoea which
possess thick apotracheal parenchyma bands
1-10 (usually 3-7 or 8) cells wide. From
this study they suggested that the fossil
woods showing resemblance with the former
group be named as Glutoxylon and those
belonging to the latter group be named as
Melanorrhoeoxylon. They formally in
stituted the genus Melanorrhoeoxylon for
accommodating the woods of the latter
group in 1976. However, Hou (1978) in
his latest work on the family Anacardiaceae
has merged the genus Melanorrhoea into
G luta taxonomically. As the two genera
are taxonomically similar and the genus
Gluta has the priority over Melanorrhoea
so only Gluta occurs in the modern flora.
In the light of Hou's work the genus
Melanorrhoeoxylon Prakash & Tripathi
(1976) has become synonymous to the earlier
known genus Glutoxylon (Chowdhury)
Prakash & Tripathi (1969) hence the genus
Malanorrhoeoxylon is superfluous. There
fore, it is being rejected vide article 63 of
the International Code of Botanical Nomen
clature (Stafleu, 1978). As a consequence
the two known species ofMelanorrhoeoxylon,
M. cacharense Prakash & Tripathi (1976,
pp. 82-88, pI. 1, figs 1-5) and M. garbetaense
Roy & Ghosh (1981, pp. 338-352, pI. 4,
figs 23-27) are now renamed as Glutoxylon
cacharense (prakash & :Tripathi) comb.

nov., and Glutoxylon garbetaense (Roy &
Ghosh) comb. nov.

Mukherjee (1942 a, b, c) and Ghosh
(1958) described two new species of Gluto
xylon, viz., G. bengalensis from the Tertiary
of BangIa Desh and G. chowdhurii from
the Pleistocene of Manipur. However, both
these species were merged into G. burmense
by Awasthi in 1966 while recording this
species and describing a new species G.
cuddalorense from the Cuddalore Series
of South India. Recently G. burmense
has also been reported by Prakash and
Awasthi (1971), Prakash (1973), Roy and
Ghosh (1979) from the Upper Tertiary
beds of Assam, Burma and West Bengal
respectively. Further, Kramer (1974) re
ported this species from the Tertiary beds
of Sumatra and Borneo giving its up to
date synonymy. Lem, igne (1978) described
a new species, Glutoxylon symphonoides
from the Tertiary of Ethiopia. Another
species, G. kalagarhense sp. nov., was
reported by Trivedi and Ahuja (1978)
from the Mio-Pliocene beds of Kalagarh,
Bijnor District of Uttar Pradesh. Thus,
the author is aware of only six species
of Glutoxylon known so far. Of the six
species, G. kalagarhense Trivedi & Ahuja
(1978) shows all the characters of
G. burmense, hence it is placed under
the same. Since the anatomical characters
of the present fossil are also in conformity
with G. burmense, therefore, it is put under
the same species.

On comparing the present fossil with
the modern woods of Gluta (including former
Melanorrhoea) it was found that Gluta
travancorica Bedd. (F.R.!. Xylarium slide
no. 7440) shows closest resemblance with
the fossil.

According to Hou (1978, p. 8) Gluta
now consists of 30 species distributed in
Madagascar, India, Burma, Thailand, In
dOChina, China and throughout Malesia.
Gluta travancorica is found in the south
west coast of India (in dense moist forests
of South Travancore) and in the Thirunelveli
District of Tamil Nadu. The present fossil
wood of Gluta from the north-west of Gujarat
shows that the genus was wide spread in
India during the Upper Tertiary.

B.S.r.P. Museum Specimen nos. 35480,
and 1/2379.

Locality - Charanka, 23°53': 71°10'30"
Chorar Island), about 15 km north
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of Santalpur, Banaskantha District, Guja
rat.

Horizon - Khari Series.
Age - Lower Miocene.

Genus - Mangiferoxylon Awasthi emend.

Mangiferoxylon assamicum Prakash &
Tripathi, 1970
PI. J, figs 5-7

The description is based on a single
piece of petrified wood measuring 5 Cm
in length and 2 cm in diameter. The preser
vation is fairly good.

Topography - Wood diffuse porous (PI.
1, fig. 5). Growth rings distinct delimited
by thin apotracheal parenchyma band.
Vessels small to large (mostly small to
medium) t.d. 80-220 fLm, r.d. 88-220 fLm,
circular to oval in shape, mostly solitary
or in radial multiples of 2-4, 3-6 per sq
mm, sometimes filled with gummy material,
tyloses not seen; vessel members 240-580
fLm in length with slightly oblique end walls;
perforations simple; inter vessel pits bor
dere"d, 6-10 fLm in diameter, circular to
oval with linear to lenticular aperture.
Parenchyma both paratrachea1 and apotra
cheal (PI. 1, fig. 5); paratrachea1 parenchyma
vasicentric, mostly aliform to confluent;
apotrachea1 parenchyma forming continu
ous to short broken narrow bands, 1-3 cells
wide also delimiting the growth rings; paren
chyma celIs round, oval to angular in shape
or sometimes flattened near the vessels,
Ld. 80-11 0 fLm, r .d. 96-166 fLm. Xylem
rays fine, 1-2 (3) cells (approximately 60%
rays are tiniseriate 'and 40% biseriate) or
20-64 fLm wide; ray tissue heterogeneous
(PI. 1, figs 6, 7); rays heterocellular con
sisting of procumbent cells in the middle
portion and upright cells at one or both
the ends of the ray (PI. 1, fig. 6), 10-18 per
mm, 4-16 (21) cells or 120-400 (480) IJ.m
in height; tangential height of upright cells
32-36 fLm and radial length 20-32 fLm; tan
gential height of procumbent cells 12-20 fLm
and radial length 40-60 fLm. Fibres aligned
in radial rows between two consecutive
rays, oval to angular in shape, Ld. 10-20
fLm, Ld. 16-24 fLm, thick-walIed, septa some
times present.

Affinities - The above noted characters
show that the fossil resembles the modern
wood of the genus Mangifera Linn. of the
family Anacardiaceae (Pearson & Brown,
1932, pp. 314-319, Heimsch, 1942, pp.
136-137, Metcalfe & Chalk, 1950, p.
456; Brazier & Franklin, 1961, p. 21;
Anonymous, 1963, pp. 289-295; Miles,
1978).

On comparing the fossil with thin sections
of the woods of Mangifera indica Linn.,
M. altissima Blanco, M. sylvatica Roxb,
M. longipes Griff., M. caloneura Kurz,
M. zeylanica Hooker, and Mangifera sp., it
was found that the fossil shows closest
resemblance with M. sylvatica th',)ugh s',)me
of the specimens of M. indica also come
closer to it (particularly F.R.I. Xylarium
slide no. 6060). US:Jally these two species
differ in the size of vessels, amount of
p:Henchyma and the frequency of uniseriate
and biseriate rays. M. sylvatica possesses
relatively samaller vessel5, lesser amount
of parenchyma and lesser frequency of
biseriate rays compared to M. indica.

To accommodate the fossil woods of
Mangifera, Awasthi (1966) created the genus
Mangijeroxylon. Only two species of this
genus are known, viz., Mangiferoxylon
sc/eroticum Awasthi (1966) from the Cud
dalore Series of South India and M.
assamicum described by Prakash and Tripathi
(1970) from the Middle Tertiary of
Cachar District in Assam. The latter has
also been reported by Kramer (1974) from
the Tertiary beds of Sumatra and Borneo
and by Roy and Ghosh (1981) from the
Miocene beds of Birbhum District,
West Bengal. In addition, a fossil wood
resembling Mangifera was reported by
Ramanujam (1953) from South India who
subsequently (1960) described it as Anacar
dioxylon mangiferoides showing its affinities
with Mangifera and Anacardium. As
Anacardioxylon mangiferoides does not show
the characters of Mangifera (Awasthi, 1966,
p. 134; Prakash & Tripathi, 1970, p. 24)
so it is not comparable with the present
fossil. Mangiferoxylon scleroticum (Awasthi,
1966) although shows close resemblance with
the present fossil in size and frequency of
the vessels, and in the amount of parenchyma
yet it differs in having relatively fine, tall
and almost all uniseriate rays (99 %). Com
plete biseriate rays are altogether absent
in it. Further, it differs in having abundant
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sclerotic tyloses and non-septate fibres.
M. assamicum Prakash & Tripathi (1970)
which shows close similarity with the wood
structure of Mangifera indica, shows general
similarity with the present fossil. How
ever, it differs in having relatively more
and bigger vessels, broader parenchyma
bands and predominantly biseriate rays
(approx. 70%). In view of the study of
thin sections of the woods of the two species,
viz., Mangifera indica and M. sylvatica
which sometimes show overlapping
characters (a~ stated e3flier), the differences
of the present fossil with Mangiferoxylon
assamicum are being considered as variable.
Hence, the present fossil is placed under
Mangiferoxylon assamicum.

The genus Mangifera consists of 41 species
(Willis, 1973) of large to very large ever
green trees confined mainly to the Indo
Malayan region. M. sylvatica with which
the fossil is best comparable occurs in
Nepal, Sikkim and North Bengal and in the
Khasi Hills. It is sporadic in the evergreen
forests of Upper Assam, Surma Valley and
in the Andaman islands. It also occurs
in BangIa Desh, Thailand and Cam
bodia. The other species, M. indica, some
specimens of which also show resemblance
with the fossil, grows throughout India
up to 900 m excepting the north-western
part. ..,

The occurrence of septate fibres in M.
assamicum (Prakash & Trip1thi 1970;
Kramer, 1974) and in the present fossil
(though rare); the broader rays 1-3 seriate;
the rare occurrence of short homocellular
rays in M. assamicum (Prakash & Tripathi,
1970, p. 23) and the absence of tyloses in
the present wood warrants the revision
of the generic diagnosis of the genus
Mangiferoxylon Awasthi (1966) as it fails
to cover these characters. Hence the genus
Mangiferoxylon Awasthi (1966) is emended
as follows.

Mangiferoxylon Awasthi einend.

Wood diffuse-porous. Growth rings in
distinct to distinct, when distinct delimited
by ap:>tracheal (terminal) parenchyma.
Vessels small to large, solitary or in
multi pIes of 2-4 or more; vessels members
medium to 'large with truncated or tailed
ends; perforations simple; intervessel pit
plirs usually large, circular to oval, alter
nate, bordered, with linear to lenticular
apertures; tyloses present or absent.
Parenchyma paratracheal and apotracheal;
paratracheal p3fenchyma vasicentric to
aliform and aliform-confluent; apotracheal
parenchyma usually in fine bands some
times short and broken; also delimiti ng
the growth rings. Xylem rays fine, 1-3
seriate; ray tissue heterogeneous; rays
mostly heterocellular, consisting of pro
cumbent cells through the median thickened
portion and marginal rows of upright cells;
rarely short rays homocellular; crystals
often present. Fibres thin to thick-walled,
rarely septate to non-septate.

B.S.I.P. Museum Specimen no. 35481.
Locality - Isolated small mound about

1.5 km south-east of village Habur; 57
km north of laisalmer.

Horizon -?
Age - Tertiary (probably ?Upper Ter

tiary).
The occurrence of Gluta and Mangifera

in the Banaskantha District of Gujarat
and the laisalmer District of Rajasthan,
respectively, during the Tertiary indicate
more humid climatic conditions as com
pared to prevailing xeric and desertic con
ditions there.
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EXPLANATLON OF PLATE

Glutoxylon burmense (Holden) Chowdhury, 1952

1. Cross section of the fossil wood showing the type
and distribution of parenchyma and vessels with
tyloses. x 30. Slide no. 6825.

2. Tangential longitudinal section of the fossil wood
showing simple xylem rays. x 90. Slide no. 6826.

3. Tangential longitudinal section showing single
fusiform ray with gum duct. x 90. Slide no. 6827.

4. Radiallon~itudinalsection showing heterocellular
xylem ray. x 90. Slide no. 6828.

Mangiferoxylon assamicum Prakash & Tripathi, 1970

5. Cross section of the fossil wood showing the type
and distribution of vessels and parenchyma. x 15.
Slide no. 6829.

6. Tangential longitudinal section of the fossil wood
showing the xylem rays and their distribution.
x 100. Slide no. 6830.

7. Radial longitudinal section of the fossil wood
showing heterocellular xylem rays. x 90. Slide
no. 6831.
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EVOLUTIONARY TRENDS IN THE SECONDARY XYLEM OF
WOODY DICOTYLEDONS FROM THE TERTIARY OF INDIA

M. B. BANDE & U. PRAKASH
Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226007, India

ABSTRACT

A large number of dicotyledonous woods have so far been described from the
various Indian Tertiary formations. Based on their published data an attempt has been
made to trace the evolutionary trends in the anatomical features of the secondary xylem
of woody dicotyledons. The studies have shown that there is a gradual increase in the
percentage of woods with advanced type of characters, especially in the axial paren
chyma and the xylem rays, from the Palaeogene onwards to the successive younger
floras.

Key-words- Dicotyledonous woods, XyJotomy, Evolutionary trends, Tertiary,
India.
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INTRODUCTION primitive stock and during the succeeding
geological eras, evolution -has been going

I N the study of evolution of higher on in them so as to reach the present forms.
plants the role of wqod anatomy Thus, in case of evolution of the secondary
cannot be overlooked. Development xylem in angiosperms, especially the dico

of a well organized wood structure, along tyledons, it is logical to presume that the
with the evolution of reproductive organs, forms of earlier ages Should possess a primi
has played a vital role in deciding the tive type of secondary xylem with more
struggle of dominance in favour ot'aogio- specialized types appearing in the succeeding
sperms against other contemporary pllnt ages (B.S.I.P. Ann. Rep. 1973-74, pp. 17-18).
groups. The Indian Tertiary flora is very rich

Although there is a lot of controversy in fossil woods, both in the Palaeogene
regarding the earliest record of the angio- as well as in the Neogene. Because a
sperms, it is beyond doubt that by the end considerable data is now available regarding
of the Cretaceous they were surely a con- the dicotyledonous fossil woods of this
spicuous element of the flora and became flora, it is desirable to analyse it and
dominant from the Tertiary onwards. If compare it with the observations made
the injunction that the existing forms are on modern woods so as to have an under
the products of this evolutionary process, standing of the lines of evolution of
is accepted, then it can also be suggested s~condary xylem in the Indian Tertiary
that the earliest angiosperms represent the dicotyledons. However, before the actual
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analysis of the Indian Tertiary dicot woods
is taken up, it is advisable to classify the
advanced and the primitive characters in
the secondary xylem of the dicotyledons.
Wood anatomists have reached, entirely
independently, to certain conclusions in
this respect which can be summarized as
follows:

1. The vessel member with a scalariform
perforation plate is more primitive than
the one with a simple perforation plate
(Bailey & Tupper, 1918; Bliss, 1921; Thomp
son, 1923; Frost, 1930a,b).

2. The vessel element with scalariform
perforation plates having many bars (over
15) to a plate is primitive, the type with
intermediate bars (5 to 15) comes next,
and the type with few (five or fewer) bars
is highly evolved amongst these (Frost,
1930b).

3. The length of vessel elements decreases
as they become specialized (Bailey & Tupper,
1918; Bailey, 1920; Frost, 1930a) and
there is a definite trend in Some groups
toward widening of vessels with increasing
specialization (Carlquist, 1961). Con
sequently, their endwalls become less oblique
until a transverse wall is formed (Bailey
& Tupper, 1918; aailey, 1920; Frost, 1930
a, b).

4. Vessels with angular cross sections
are primitive while those with round out
lines are advanced (Bailey, 1924; Frost,
1930a). Important exceptions to this trend
occur in some highly advanced groups
where the angular Characteristic may be
attained secondarily (Carlquist, 1958, 1961;
Bailey, 1957).

5. The evolutionary development of inter
vascular pitting proceeds from scalariform
to transitional to opposite to alternate type
(Bailey & Tupper, 1918; Brown, 1918;
Frost, 1930a, 1931).

6. Diffuse-porous woods usually precede
ring-porous woods (Frost, 1930a). Ho~
ever, the degree to which ring porosity is
environmentally modifiable needs investi
gation. Formation of ring porosity re
presents an evolutionary adjustment to
highly seasonal climatic conditions that
has occurred many times independently
in groups with primitive wood as well as
in groups with specialised xylem (Carl
quist, 1961).

7. The solitary pores are more primitive
than those in various aggregate arrange-

ments like pore multiples, pore clusters,
and pore chains.

8. Evolution has taken place from
tracheids to fibretracheids to libriform wood
fibres (Bailey & Tupper, 1918; Bailey, 1924,
1936).
. 9. According to Bailey (I 920, 1924) and

Bailey and Tu pper (1918) the nonseptate
fibrous tracheary elements precede the
septate elements whose length decreases
as they become more and more spetalized.
However, the evolutionary interpretation
of septation in fibres is not very clear.
Obviously the statistical studies (Metcalfe &
Chalk, 1950) show that fibre septation is
not related to the major trends of xylem
evolution (Carlquist, 1961, p. 51).

10. Heterogeneous rays are more primi
tive than homogeneous rays. Kribs (1935,
1959) has classified the xylem rays of
dicotyledons into following types:

Type 1- Heterogeneous

(a) Uniseriate rays composed of vertically
elongated cells which are unlike the cell~

of the multiseriate pHt of the multi3eriate'
rays.

(b) Multiseriate rays with uniseriate tails
or wings as long or longer than the multi
seriate portion of the ray and composed
of vertically elongate cells similar to those
of the uniseriate rays; cells of the multi
seriate portion are round to oval and
radially elongated.

Type II-Heterogeneous-(Heterogeneous
Type IIa of Kribs, 1935).

(a) U niseriate rays composed of vertically
elongate cells which are unlike those of
the multiseriate portion of the multi seriate
rays.

(b) Multiseriate rays with one large
vertically elongate marginal cell or with
uniseriate tails or wings shorter than the
multiseriate portion of the ray and com
posed of vertically elongate cells si'milar
to those of the uniseriate rays; the cells
of the multiseriate portion are round to
oval and radially elongated.

Type III-Heterogeneous - (Heterogeneous
Type II-B of Kribs, 1935).

(a) Uniseriate rays usually of two types,
some of the uniseriates are composed of
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vertically elongate cells and some are com
posed of cells which are nearly identical
to those of the multi seriate portion of the
the multi seriate rays.

(b) Multiseriate rays with square mar
ginals (not vertically elongate) usually a
single row; cells of the multi seriate portion
are round to oval and radially elongated.

Type IV-Homogeneous

(a) Uniseriate rays composed of cells
which are identical to those of the multi
seriate rays.

(b) Multiseriate rays without square or
verticllly elongate marginal cells; the cells
are all round or oval and radially elongate
with or without tails.

Type V-Heterogeneous

Rays uniseriate only composed of radially
and verticlily elongate cells.

Type VI-Homogeneous

Rays un:seriate only.

Kribs (1935) has also shown that the
evolutionary sequence is from heterogeneous
type I, the most primitive through transi
tional heterogeneous type II (type IIA)
and type III (type lIB) to homogeneous
type VI. The homogeneous type IV rays
are more highly specialised than uniseriate
heterogeneous type V rays which are re
garded as derivatives of either heterogeneous
type I, II or type III. Homogeneous type
VI may have evolved from any 'of the other
types. It appears that the uniseriate types
are highly specialised structures owing to
the elimination of multiseriate rays (Kribs,
1935; Tipp:), 1938).

Kribs' conclusions on the relative ev.)lu
tionary status of the ray types may be sum
marized in the following way as done by
Carlquist (1961). Rays in the most primi
tive woods exhibit the following features:

1. Both multiseriate and uniseriate rays
are present.

2. Both types of rays are high (of marked
vertical length).

3. Both types of rays are heterocellular.
4. Multiseriate rays have long uniseriate

wings.

Wit~ advancement, the following changes
occur In rays:

(a) Multiseriate rays or uniseriate rays
are lost.

(b) There is a tendency for loss of hete
rogeneity in ray cells, particularly
loss of erect c~lIs. Thus, homocellular
rays are advanced.

(c) Multiseriate rays are reduced in size
and number.

(d) U niseriate wings on multiseriate rays
are reduced, ultimately to a single cell.

11. In the axial parenchyma, two main
groups Cln b~ demHcated: (a) ape>tracheal,
in which plfenchyma is distributed without
specific relation to v~ssels, and (b) para
tracheal, in which parenchyma shows a
close association with vessels. Based on
the observatio'ns of earlier workers (Bailey,
1924; Jeffery, 1917; Kribs, 1937; Carlquist,
1961) the evolution of the axial parenchyma
types may be broadly summarised as follows:

(a) Absence of p:uenchyma is primitive
at least in some dicotyledons (Carl
quist, 1961, p. 63). However, axial
plrenchyma is absent in a number
of families havi ng specialised types
of vessels (Carlquist, 1976, p. 20).

(b) Diffuse parenchyma represents the pri
mitive type.

(c) Diffuse-in-aggregate is slightly ad
vanced over diffuse.

(d) Apotracheal banded parenchyma re
presents the most advanced type of
apotracheal parenchyma. Wide bands
are more advanced than narrow bands.

(e) Vasicentric, abundant plrenchyma is
the most highly specialised type.

12. The storied structure of various ele
ments, namely rays, wood fibres, parenchyma,
and the vessel members indicate highly
specialised condition (Record, 1919, 1934;
Carlquist, 1961, p. 65).

Thus it can be seen that a substantial
information is now available regarding
the primitive or advanced nature of a parti
cular anatomical character. However, all
the anatomical characters mentioned above
were not found useful while dealing with
the fossil dicotyledonous woods mainly
due to the lack of uniformity in describing
fossil woods by different authors. Besides,
all the characters are not always available
for their comparative analysis. Thus, within
the limitations of the available data, the
anatomical characters which were found

,
~,
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suitable for analysis are (i) nature of
perforation plates, (ii) type of intervessel
pit-pairs, (iii) vessel end walls, (iv) axial
puenchyma, and (v) the xylem rays.

For this analysis only those fossil genera
and sp~cies have been taken into considera
tion whose description and identification
appear to be reasombly correct. More
ov~r, when more than one species of a
plrticular genus are known in a fossil as
semblage the anatomical data of only well
differentiated sp~cies have been taken into
account.

The diffaent Indian Tertiary strata from
where the fossil dicotyledonous woods have
been analysed are:

l. The D~ccln Intertrappean beds of
Central India (Palaeocene-Eocene - Tables
1 & 2).

2. The Lower Siwalik beds of the
Himalayan foot-hills (Middle Miocene,
Krishnan, 1968, p. 428 - Table 3).

3. Tipam Series of North-east India
(Upper Miocene, Krishnan, 1968, p. 430
Table 4).

4. The Neogene of West Bengal (Miocene,
equivalent to the Tipams, Hunday, 1954;
Hunday & Banerjee, 1967 - Table 5).

5. The Cuddalore Series of South India
(Upper Mioc~ne to Pliocene, Krishnan,
1968, p. 494 - Table 6).

6. The Dupitila Series of North-east India
(Mio-Pliocene, Krishnan, 1968, p. 490
- Table 7).

It is a well known fact that the ecological
conditions quite often affect the anatomical
structures. Therefore, it would be desirable
to broadly consider the ecological condi
tions of the above mentioned Tertiary floras
which form the basis of this analysis.
Lakhanpal (1970), Prakash (1972) and Bande
and Prakash (1982) have recently given
their views regarding the past environ
ments of these floras. Bande and Prakash
(1982), while reconstructing the palaeo
ecology and palaeoclimate of the Deccan
Intertrappean flora, concluded that this
flora was growing under a warm, humid,
tropical to subtropical climate. Almost
similar type of climates have also been
suggested for the Lower Siwalik, Cuddalore,
Tipim and Deomali floras. In the West
Bengal flora most of the forms are common
to the different N~ogene floras so far known
from the Indian subcontinent. ThUS, it
can be said that all these floras were growing

under more or less similar type of warm,
humid, tropical to subtropical climatic
conditions.

ANATOMICAL ANALYSIS

DICOTYLEDONOUS WOODS FROM THE DECCAN
INTERTRAPPEAN BEDS

In the Deccan Intertrappean flora a good
l1umber of fossil dicotyledonous woods
are known from the following areas:

(a) Mandla District (Parapani, Samnapur
Mohgaon, Ghughua, etc.).

(b) Nagpur-Chhindwara-Nawargaon area
(Mohgaon Kalan, Keria, Mahurzari
& Nawargaon).

Although the Deccan Intertrappean flora
is usually considered as a single unit but
on the evidence of fossil woods described
from the above two areas it appears that
these two assemblages Gonstitute two distinct
flor'ules which may represent different geolo
gical ages and therefore, they have been
treated here separately.

(a) Fossil woods from Mandla District
Sennteen fossil woods comparable
with 16 extant genera belonging to
15 dicotyledonous families have been ana
lysed anatomically. Their important ana
tomical characters have been classified in
Table I. A study of this table indicates
that the perforation plates are mostly simple
but scalariform with more than 10 bars in
two species. Intervessel pits are 90rdered
and alternate in most of the species with
scalariform pits seen occasionally in one
wood. The distribution of parenchyma is
definitely of primitive type. Parenchyma
is totally absent in one species, diffuse to
diffuse-in-aggregate plus some vasicentric in
four species, in thin apotracheal lines in
two species, scanty para tracheal to 1-2
seriate, vasicentric in six species, and a well
developed aliform to aliform confluent or
banded parenchyma is present in only four
species.

Xylem rays also show a great deal of
primitiveness. Of the 17 woods examined,
heterogeneous rays occur in as many as
16 woods being heterogeneous type I in
two woods, type II in twelve, and type III
in two. Homogeneous type IV rays occur
in only one wood.
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(b),Fossi! woods from Nagpur-Chhindwara
Nawargaon area - In all, 17 fossil woods
comp.Hable to 15 genera belonging to 14
families han been analys~d (Table 2).

The p~rforation plates are simple in all
the woods and the interv~ssel pits are
bordered and alternate in 16 woods and
scalariform in one wood. Parenchyma is
absent in one wood, apotracheal diffuse
to diffuse-in-aggregate with some scanty
paratracheal in three, only scanty paratra
cheal in five, and w~ll-developedvasicentric,
aliform confluent and rarely banded in
eight woods.

The xylem rays are mostly heterogeneous,
being heterogeneous type I in one wood,
type II or type III in II woods, type V in
one wood, homogeneous type IV 'in three
woods and homogeneous type VI in one
wood.

DICOTYLEDONOUS WOODS FROM THE LOWER
SIWAUK BEDS OF THE HIMALAYAN FOOT-HILLS

I naIl, 19 fossil woods comparable to 17
extant genera belonging to eight families
have been anatomicEllly analysed (Table 3).
Out of them 16 woods possess bordered
and alternate intervessel pits and four vasi
centric tracheids. Perforation plates are
simple in all the woods. Vessel elements
are storied in one.

As far as parenchyma is concerned, it is
apotracheal diffuse to diffuse-in-aggregate
or arranged in uniseriate, tangential apotra
cheal lines alongwith some scanty paratra
cheal parenchyma in eight out of 19 woods
analysed here. SCElnty paratracheal paren
chyma is present only in one wood, apotra
cheal banded with paratracheal vasicentric
parenchyma is present in four woods and
a wdl-developed paratracheal aliform-con
fluent to banded p:Henchyma is present
in six woods. In one case the parenchyma
strands are storied. The xylem rays are
heterogeneous type II or type III in II
woods, heterogeneous type V in three woods
and homogeneous type IV in five woods.

DICOTYLEDONOUS WOODS FROM THE TIPAM
SERIES OF NORTH-EAST INDIA

Thirtyfour fossil woods representing 33
living genera belonging to 19 dicotyledon-

ous families have been analysed (Table 4).
All of them possess simple perforations
except in one wood where they are scalari- ,
form with 8-10 bars. Inter-vessel pits are
bordered and alternate in 32, and alternate
to subopposite in two woods. Vasicentric
tracheids are present in four woods.

Parenchyma shows a wide range of deve
lopment. It is scanty paratracheal in five
woods, sCElnty paratracheal to vasicentric
alongwith apotracheal diffuse to diffuse
in-aggregate forming thin lines in eight
woods, apotracheal banded in two, p.lfa
tracheal vasicentric to aliform to confluent
alongwith apotracheal diffuse-in-aggregate
to banded in six, and well-developed para
tracheal, aliform to confluent to banded
in 13 woods. The xylem rays are hetero
geneous in majority of the woods. They
are heterogeneous type 11 in 16, type III
in seven, type V in three, weakly hetero
geneous in one, homogeneous type IV in
six and homogeneous type VI in one wood.
Storied rays occur in two woods.

FOSSIL WOODS FROM THE NEOGENE OF
WEST BENGAL

In this case 22 woods representing 21
extant genera belonging to seven families
have been analysed from these beds (Table
5). Their anatomical analysis clearly shows
an advancement towards specialization. All
of them possess simple perforations and
bordered, alternate intervessel pit pairs.
However, vasicentric tracheids occur in
at least four woods.

Scanty paratracheal to vasicentric paren
chyma occurs in three woods, paratracheal
vasicentric parenchyma alongwith apotra
cheal diffuse to diffuse-in-aggregate or short
tangential lines or bands occurs in three
woods, and a well-develop~d apotracheal
banded parenchyma is present in four woods.
Out of 22 woods, 12 show a well-developed
paratracheal aliform, aliform-confluent to
banded parenchyma. Parenchyma cells are
storied in four woods. Xylem rays are
heterogeneous in 11 species and homo
geneous in 11 species. Heterogeneous type II
is seen in nine woods and type V in two.
Similarly, homogeneous type IV occurs in
nine and type VI in two w00ds. Storied
rays are present in five woods.

\~-' ,
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FOSSIL WOODS FROM THE CUDDALORE SERIES

From this area 38 fossil woods represent
ing 36 modern genera belonging to 13
dicotyledonous families have been analysed
(Table 6). The assemblage showS a well
marked structural specialisation. In almost
all the woods the perforation plates are
simple; scalariform perforations occur in
only two. Similarly, only in two woods
alternate to opposite pits have been ob
served, while in all other woods these are
bordered and alternate. However, vasi
centric tracheids are present in eight species.

Parenchyma is absent in one, scanty
paratracheal in one, apotracheal diffuse
to diffuse-in-aggregate or in tangential lines
alongwith or without some paratracheal
parenchyma in 11, apotracheal banded with
or without some paratracheal parenchyma
in eight, and a well-developed paratracheal
vasicentric to aliform, aliform-confluent to
banded parenchyma is present in as many
as 17 woods.

Heterogeneous xylem rays are present
in 24 woods, their distribution being hetero
geneous type I in one, type II in 12, type
III in three and type V in eight. However,
the homogeneous rays are present in 14
woods; they are homogeneous type IV in
13 and type VI in one. St06ed rays have
been observed in seven woods.

FOSSIL WOODS FROM THE DUPITILA SERIES

A total of 17 fossil dicotyledonous woods
representing 13 living genera and 11 families
have been anatomically analysed (Table 7).
Perforations are simple in all the woods
and intervessel pits are bordered and alter
nate in almost all of them. However, the
pits are subopposite in one wood. Vasi
centric tracheids are present in two woods.

Parenchyma is very well-developed. It
is apotracheal diffuse to diffuse-in-aggregate
or forming thin tangential lines in three
woods, scanty paratracheal in three, apotra
cheal banded alongwith or without some
paratracheal parenchyma in three and a
well-develop<:d paratracheal vasicentric,
aliform, aliform-confluent or banded paren
chyma occurs in eight woods. Parenchyma
cells are storied in two species. Xylem
rays are heterogeneous type II or III in
eight, heterogeneous type V in two, hetero-

geneous of unknown type in one, homo
geneous type IV in three and homogeneous
type VI in three woods. Storied rays are
present in two species.

DISCUSSION

A critical survey of the anatomical data
accumulated from the Indian Tertiaries
reveals some interesting facts regarding
the evolution of anatomical characters from
the oldest to the successively younger fossil
floras. Two important characters, viz.,
axial parenchyma and xylem rays, show a
marked specialisation in different fossil
floras and have been dealtwith in detail
(Table 8).

Considering the types of axial parenchyma,
it is most primitive in the fossil woods des
cribed from Mandla District. Of the 17
woods analysed from this area, in as many
as 13 (about 78 %), the parenchyma is either
absent, diffuse to diffuse-in-aggregate, in
thin apotracheal lines, ap0tracheal narrow
banded or scanty paratracheal to 1-2 seriate
vasicentric. Only in four woods (about
22 %), a well-developed paratracheal aliform
to aliform-confluent parenchyma is known
to occur. A well-developed vasicentric,
aliform to aliform-confluent and rarely
banded parenchyma is much more frequent
in the fossil woods from the Nagpur
Chhindwara region. This type of paren
chyma is present in as many as eight woods
(about 48 %) out of a total of 17 woods
analysed from this area. In the remaining
nine woods it is of primitive type.

However, coming to the Neogene floras
of India, the woods of the Lower Siwalik
beds (Middle Miocene) show a further
increase in the percentage of woods with
an evolved type of parenchyma. Of the
19 woods analysed from these beds, the
parenchyma is paratracheal, aliform to
aliform-confluent to banded in six of them
(about 33 %). In another four woods (about
21 %) it is apotracheal banded with broad
bands (considered to be most advanced
amongst the apotracheal types) alongwith
some paratracheal vasicentric type. In the
remaining forms, the parenchyma is of
primitive type.

The parenchyma shows further specia
lization in the woods from the Tip:im Series
(Upper Miocene) being p1ratracheal aliform,
confluent to banded in about 39 per cent
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of woods, paratracheal vasicentric to aliform
confluent alongwith apotracheal diffuse to
diffuse-in-aggregate to banded in about
18 per cent, apotracheal banded in about
6 per cent and it is of primitive type in the
remaining woods.

In the fossil woods so far described from
the Tertiary of West Bengal (considered
to be equivalent to the Tipams) the per
centage of woods with paratracheal aliform
confluent to banded parenchyma is further
increased to about 54 per cent with another
18 per cent woods showing a well-developed
apotracheal banded parenchyma. Another
conspicuous feature is the occurrence of
storied parenchyma in about 18 per cent
of woods of this assemblage.

In the Cuddalore Series (Upper Miocene
to Pliocene) about 48 per cent of woods
show a well-developed paratracheal vasi
centric, aliform, aliform-confluent to banded
parenchyma. However, in about 20 per
cent of woods, it is apotracheal banded
but in the remaining woods, it is of primitive
type.

Lastly, in the Dupitila Series (Mio
Pliocene) paratracheal vasicentric, aliform,
confluent to banded parenchyma occurs
in about 48 per cent of woods, apotracheal
banded in about 18 per cent of woods and
in the remaining it is of the primitive type.
Storied parenchyma constitutes about 12
per cent of woods in this assemblage.

The xylem rays also show stages of
specialization in the successive floras of
the Indian Tertiaries. In Mandla assem
blage heterogeneous rays of I, II, III and
V types constitute as much as about 95
per cent of the total numb~ of woods ana
lysed, homogeneous type'" rays occur in
only one wood (about 5 %). However, in
the Nagpur-Chhindwara-Nawargaon region
the percentage of woods with homogeneous
rays is increased to about 23 per cent. The
remaining 77 per cent woods Show hetero
geneous rays. In the Lower Siwalik
woods, although the percentage of homo
geneous rays is not substantially increased
(about 25 per cent), the rays are of hetero
geneous type V in about 18 per cent of
woods. This is considered to be an ad
vanced type evolved due to the elimination
of multi seriate rays. In the Tipam Series
there does not appear a marked speciali
zation in the ray structure. In only about
21 per cent of woods, the rays are homo-

geneous and in the remaIning ones they
are heterogeneous. However, out of these
the rays are of heterogeneous type V in
about 9 per cent of woods.

The West Bengal flora, although con
sidered to be equivalent to the Tipams in
age, exhibits a high degree of specialisation
in the ray structure. In 50 per cent of
woods, the rays are homogeneous and in
another 9 per cent they are of heterogeneous
type V. Further, about 23 per cent of
the woods have storied rays.

Fossil woods of the Cuddalore Series
are also quite specialized. In about 38
per cent of woods the rays are homogeneous
and in another 20 per cent they are hetero
geneous type V. Storied rays occur in
a bout 17 per cent of woods.

In the Dupitila Series about 36 per cent
of woods show homogeneous rays while
about 12 per cent woods are with
heterogeneous type V rays. The re
maining woods show either heterogeneous
type II or III rays. Storied rays occur
in about 12 per cent of woods. Thus,
there is a well-marked increase in the
percentage of advanced type of rays in
the various Neogene floras as compared
to the Palaeogene flora of the Deccan Inter
trappean Series. However, this evolutionay
tendency is not conspicuous in the Tipam
Series.

In the remaining three Neogene floras,
although there is not much difference in
the specialization of ray structure, Sur
prisingly, the most evolved type of rays
are seen in the Neogene flora of West Bengal
which is considered to be equivalent to
the Tipams.

Thus, from the above studies it is evident
that the Indian Tertiary dicotyledonous
woods exhibit a general trend towards
specialization in anatomical characters in
their secondary xylem from geologically
older to successively you nger floras. These
observations find further support from the
studies of Wolfe, Doyle and Page (1975,
p. 820) Who analysed a number of dicot
woods from the Cretaceous while discussing
the palaeobotanical evidence for angiosperm
phylogeny. According to them an assem
blage of 70 entities from the late Campanian
or early Maestrichtian of California and
another assemblage of five entities from
the Maestrichtian of Illinois" tend to sub
stantiate that the supposedly advanced
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anatomical features are, in fact, geologically
more recent than supposedly primitive
features. Over half these wood patterns
have solitary pores or solitary with a few
short radial chains, and the majority also
have diffuse, axial parenchyma only; the
remainder have some vasicentric paren
chyma in addition. Similarly, scalariform
perforation plates are found in the majority
and the rays are heterogeneous in almost
all the woods. Two of the entities are
dicotyledons lacking vessels. Some of the
woods do have some specialized elements,
such as short vessels and aggregate rays,
but the overall pattern of these woods is
not advanced. None of the woods possess
supposedly advanced features such as storied
elements, included parenchyma or elaborate
pore distribution". Consequently, the ob
servations made in the present paper along
with those made by Wolfe, Doyle and Page
(1975) help in the understanding and eva
luation of the concept of relative primitive
ness of anatomical features.

Another important conclusion which can
be deduced from these studies is the fact
that the Deccan Intertrappean flora was
made up of a number of plant communities
of different ages occurring in a wide area
of Central India. This has already been
suggested by Lakhanpal (1970), Prakash
(1960, 1972) and Bande and Prakash (1982c)
on the basis of t heir palaeobotanical studies
of this flora. Recent ly Alexander (1981)
has also given different ages for different
Deccan Lava flows and their associated
Intertrappean beds on (foe basis of
his K-Ar studies. The present ana
tomical observations mark out two
different plant assemblages, one in the
Mandla District of Madhya Pradesh and
the other in the Nagpur-Chhindwara-Nawar
gaon region. Of the two, the former
appears to be more primitive than the latter

with respect to parenchyma and xylem
ray characters. Here it may be pointed
out that the age of the Mohgaon Kalan
beds of Chhindwara District has recently
been suggested to be Palaeocene-Eocene
by Bande, Prakash and Bonde (1981) due
to the presence of the index fossil Disti
chop/ax from this locality which has also
been corroborated by Alexander (1981, p.
249) who has assigned it an age of 47
million years from his studies on Chhind
wara traps.

Further, the fossil flora from the Neogene
of West Bengal, usually considered equi
valent to the Tipams (Hunday, 1954), is
anatomically more ad vanced than the
Tipams, especially in the structure of
xylem rays. In fact, there does not appear
to be any marked difference in the evolu
tionary status of the West Bengal flora,
the Cuddalore flora (Miocene-Pliocene) and
the Dupitila flora (Mio-Pliocene). The
xylem rays in the Cuddalore and Dupitila
woods appear to be somewhat less advanced
than in the Neogene woods of West Bengal.
However, some discrepancies are bound
to occur in such comparisons as the number
of woods available from all the different
assemblages is not uniform. With the
availability of more data a more correct
picture can be obtained and the concepts
of relative primitiveness of anatomical
features and their general trends of specia
lization could be properly evaluated.
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AN ADDITION TO KNOWLEDGE OF OTOZAMITES PECTEN
SAHNI & SITHOLEY

(Late) R. V. SlTHOLEY
(Editors: PANKAJ K. PAL* & T. M. HARR1St)

*Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, 1ndia
tGeology Department, University of Reading, Reading, England

ABSTRACT

An account of Otozam;tes pecten Sahni & Sitholey is based on richer material which
permits fuller description of its form while its cuticle is figured for the first time.

Key-words- Otozamites, Megafossil, Jurassic (Salt Range).
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Note by editors- Dr M. N. Bose as Director of
the Sahni Institute asked us to do what we couJd
to prepare notes left by Dr Sitholey for publication.
Dr Sitholey was working in the Botany Department
of Lucknow University in the years around 1943
on a collection of Jurassic plants from the Salt
Range, then part of undivided India, but now in
Pakistan. With Professor BirbaJ Sahni, accounts of
two species of Phlebopteris were published (Sahni &
SithoJey, 1945) and earlier (Sahni & Sitholey, 1943)
a brief note describing Otozamites pecten. 1n J948
both Prof. Sahni and Dr Sit holey moved to the
Palaeobotany 1nstitute and as far as we know no
more work was done on the Salt Range flora. Dr
Sitholey left the Institute and Palaeobotany in 1954
and died in December, 1979.

INTRODUCTION

OTOZAMITES PECTEN was described
briefly in 1943 by Sahni and Sit holey
who gave photographs of two small

leaf fragments. As mentioned earlier the
material was collected by Gee and Iyengar
of G.S.I. from two points near Sake~ar

(Sheet 38P/14): (i) at about 2.5 km NE
of Sakesal' on a river tributary 550 m East
of Point 3920, (ii) at Nala, also NE
of Sakesar. The horizon is near the top
of the Jurassic as represented near Sakesar.

We found several manuscript drafts on Otozam;tes
pecten together with many photographs and draw
ings. Some hand specimens corresponding to these
photographs are missing but we could recognize
his figured cuticle slides, a few specimens and the
transfers. What we did was to compile Dr SithoJey's
positive statements from his notes and seJect and
rearrange his figures so he is to be considered as
sole author of this paper. We have added com
parisons with later described species. But notes
on other species are less satisfactory and we feel
it would be unfair to Dr Sitholey's memory to offer
them. They are unfinished work, and for those
other species not even duplicates are available.

DESCRIPTION

Genus - Otozamites Braun

Otozamites pecten Sahni & Sitholey
PI. 1, figs 1-9; PI. 2, figs 10-16; Text-fig. lA-C

1943 Otozamites pecten Sahni & Sit holey,
p. 178, pI. 8, figs 37, 38 (brief
description, two leaffragments figured).

1963 Otozamites pecten Sahni & Sitholey:
Sit holey Bull. naW. bot. Gdn, 86 pI. 6,
figs 37, 38 (another figured leaf).
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TEXT-FlO. 1- A-C, Otozamites pecten Sahni & Sitholey: A, marginal region of lower cuticle shown
above an imaginary section of its original form including stomata, a-a-a representing the sharp
inner edge of the recurved margin, b-b-b is the point where the lower cuticle bends downwards to
form the inner edge of the marginal fold, c-c-c is where the upper cuticle was torn in preparation.
Only one stomatal band is represented under the margin, the stomata appear crowded near the line
b-b, some of the stomata represented were seen only vaguely, B.S.r .P. slide no. K 35/157-1, X 40; B,
typical stoma, cell outlines indistinct, B.S.T.P. slide no. K35/100-1, x 500; C, stomata from a leaf
giving an unusually thick cuticle, B.S.r.P. slide no. K35/3l7, x 500.

1976 Otozamites pecten Sahni & SithoJey:
Ramanujam Asp. plant Sci., 1 fig. 37
(sketch of Sitholey's, 1963 fig. 38).

Emended Diagnosis - Leaf 12-18 mm wide
in middle region (length unknown but
estimated at 24-36 cm). Leaf narrowing
very gradually towards apex. Base (not
available in present material), but possibly
with slightly longer pinnae and a thick
rachis. Pinnae alternate, normally hori
zontal. Pinnae in most leaves nearly round,
occasionally (? near base) slightly elongated,
touching or overlapping pinna in front,

Additional notes by Editors - The material
studied originally consisted of a dozen large and
several small fragments but the larger ones have
been lost. Tn every specimen the rock has split
exposing the upper surface of the lamina. All
leaves were flat except one which had its pinnae
bent downwards. In the compressed fossils the
pinna margin is sharp but we imagine it was rounded
in life. As the lamina exceptionally thick, micro
tome sections were cut. These clearly differen
tiated the upper part of the mesophyll, the original
palisade, which formed solid blocks from the more
tenuous spongy mesophyll and showed the margin
well. In one cuticle preparation the subsidiary
cells are unusual in having a thickened surface (Text
fig. Ic).

Sahoi and Sitholey '(943) mentioned two speci
mens nos. K35/107 and K35/549 as syntypes, out of
these specimen no. K 35/549 is available as a transfer
in the Birbal Sahni Institute of Palaeobotany and
selected as the lectotype of the taxon.

pinna width 5-6 mm, widest 10 mm,
anterior basal margin not or scarcely auri
culate but sometimes overlapping po~terior

basal margin of next pinna on opposite
side; apex of pinna rounded (never pointed).
Upper surface of lamina slightly convex,
substance of lamina very thick margin
recurved and in compressed condition form
ing a border 0.5 mm wide round lower
surface but narrower near rachis. Veins
often conspicuous on both surfaces,
spreading from a point near the middle
of the pinna base. In some leaves
upper surface smooth, in other veins
sunken.

Upper cuticle thick, often about 7 (..lm
but lower much thinner. Over pinna sur
face cells flat, more or less square but out
lines strongly sinuous, well marked in some
leaves but not in others. Stomata absent,
trichomes absent in most leaves but in some
cells may bear a sac-like trichome or hole
where it has been lost. Cells along veins
not distinguished.

Lower cuticle forming three regions,
stomatal strips, vein strips and margin.
Stomatal strips about three times wider
than vein strips, stomata may form 3-4
files but often files short and some stomata
not in a file, nearly all transverse, rather
evenly spaced, stomatal region overlapped
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at margins (and stomata then obscure).
At end of stomatal surface cuticle bent
upward and stomata seeming congested.
In stomatal bands epidermal cells sinuous
but outlines usually inconspicuous, in some
leaves cells bulging in others forming papillae
with lateral ends thickened and forming
crescents and further obscuring epidermal
cel1s. Stomata only slightly sunken, sub
sidiary cells small, outer wall often obscure,
each subsidiary cell bearing a papilla point
ing over stomatal aperture. On vein strips
cells tending to be more elongated.
Trichome bases or large papillae frequent,
consisting of one, two or three cel1s with
a thick bulging surface, occasional cells
of this type present in stomatal bands. In
marginal region part with stomata probably
normal (but details obscure) then after
bending upward abruptly lacking stomata.
This part in some leaves showing cells with
a flat surface and cells elongated parallel
with margin but in other leaves surface
of most cells bulging.

Rachis cuticle very thickly cutinised on
lower side, thinner above. Lower side
showing transverse ridges crossing many
epidermal cells, these possibly represent
ramentum bases. In original unmacerated

state showing tubercles (possibly ramentum
bases).

Lectotype - No. K35/549 of the Birbal
Sahni Institute of Palaeobotany, Lucknow.

Locality - River tributary, 2.5 km north
east of Sakesar.

Age - Jurassic.
Comparison -- Several species of Oto

zamites have small rounded pinnae. O.
bunburyanus Zigno, 1868 (Italy) often has
its pinnae obtusely pointed apically. O.
attenuatus (England) once identified with
O. bunburyanus (see Harris, 1964) has no
reflexed margin. O. marginatus Saporta,
1875 has a reflexed margin but we know no
microscopic details. However, an English
specimen (Harris, 1964) has less clearly
marked veins, more evenly distributed
stomata and lacks the characteristic papillae
of O. pecten. O. vemavaramensis Bose,
1966 and Bose and Jai n, 1974 (India) has
very smal1 deltoid pinnae. Its margin is
recurved. O. bunburyanus var. indica
Seward & Sahni, 1920 belongs to O.
vemavaramensis according to Bose (1966).
O. walkamotaensis Bose & Zeba-Bano,
1981 (India) sometimes has nearly round
pinnae (though they are usually longer).
The margin has no stomata but is flat.
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EXPLANATION OF PLATES

PLATE 1

Otozamites pecten Sahni & Sitholey

1. Lectotype showing abaxial surface of leaf in
transfer, B.S.J.P. slide no. K35/549-1. x 1.

2. Fragment near apex of leaf, specimen missing.
x 1.

3. Another fragment near apex of leaf, B.SJ.P.
slide DO. K35/253. xl,

4. Abaxial surface of leaf in transfer, B.SJ.P.
slide no. K35/200-1. x 1.

5. Specimen with a thick rachis and slightly elon-
gated pinnae, specimen missing. x 1.

6. Adaxial view of leaf, specimen missing. x 1.
7. Lectotype (see fig. l).x 3.
8. Same specimen as fig. 3. x 4.
9. Magnified view of the adaxial surface of leaf,

part of specimen shown in fiS' 6. x 4. I
'~
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PLATE 2

Otozamites pecten Sahni & Sitholey

10. Lower surface of pinna-cuticle, showing veins
and stomatal strips, B.S.I.P. slide no. K35/157-1.
X 9.

11. Pinna margin showing the bulging epidermal
cells, B.S.LP. slide no. K35/157-l.x 38.

12. Upper cuticle of Pinna, B.S.I.P. slide no. K35/
100-1. x 240.

13. Upper cuticle of pinna showing perforations
(?trichome bases), B.S.I.P. slide no. K35/484-1.
X 240.

79

14. Lower cuticle of pinna showing distribution of
stomata vein strips rather obscure in this speci
men, B.S.l.P. slide no. K35/157-l.x 38.

15. Lower cuticle of pinna showing a few stomata,
clear subsidiary cell papillae are seen on the
top left stoma. Papillae scarcely developed on
ordinary epidermal cells, B.S.T.P. slide no.

K35/484-1. x 240.
16. Lower cuticle of pinna with strongly developed

papillae on ordinary cells, B.S.I.P. slide no.
K35/157-J.x 240.
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MICROBIOTA FROM STROMATOLITE-STRATIFERA OF THE
BILARA GROUP (MAR\iVAR SUPERGROUP), WESTERN

RAJASTHAN

P. K. MAlTBY

Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226007, India

ABSTRACT

Three types of microbiota referable to Nanococcus vulgaris, Huronispora psilala
and Kakabekiu lImbel/ala are reported from the stromatolite- Sirali/era collected
from near Bhadora. The biota suggests that the stratified stromatolite may have been
formed due to exogenic activities of the recorded algae.

Key-words- Microbiota, NanococclIs, Huronispora, Kakabekia, Marwar Super
group, Precambrian (India).
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INTRODUCTION

T
HE Marwar stromatolites are best
developed in the Jodhpur and Nagaur
districts, although they have also

been found in parts of the Jaisalmer and
Pali districts. Their lateral distribution is
considerable as they cover about 50,000
km2 area on the western side of the Aravalli
range. The stratigraphic succession is sum
marised as follows.

Badhaura Formation

Unconformity .

The stromatolites occur only in the Bilara
Group. The thickest stromatolite deposits
are found in the Dhanapa Formation. Ac
cording to Burman (1980) and Verma and
Burman (1980) the records of stromato-,
lites are Collenia, Colleniella, Conocollenia,
Cryptozool1, lrregularia, Stratljera and On
colites.

In the present paper, it is aimed to record
the microbiota found in the stromatolite
Stratifera collected from near Bhadora
from the Dhanapa Formation. The mate
rial was studied in thin sections obtained
along the plane of vertical deposition.

Nagaur
Group

Bilara
Group

Jodhpur
Group

{
TUnkalian Formation
Nagaur Formation

rPondlo Formation
~ Gotan Formation
I Dhanapa Formation
l Giar Bhakar Formation

f Soina Formation
lPokaran Boulder Bed

DESCRIPTION

TYPE 1

Large circular enveloping sheaths (PI. 1,
figs 1-3), measuring up to 60-180 !-Lm, en
compasing hundreds of circular cells with

82
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smooth surface, arranged in irregular groups,
measuring ± 3 fLm. At times cells are
also found without enveloping sheath, either
scattered or in groups due to disorganisation
of the enveloping sheath (PI. I, figs 4, 5).

This form is identical to Nanococcus
vulgaris Oehler (1977) recorded from the
H.Y.C. Pyrite Shale Member, Australia
(1500 m.y.).

TYPE 2

Spherical cells, solitary (PI. I, figs 6, 7)
or in groups of 2-3 cells, measuring 10-20
fLm, surface smooth, enveloping sheath Or
lamellated organic matrix around cells ab
sent.

The present forms compare with Huro
nispora psi/ata Barghoorn (1965) recorded
from the Gunflint Iron Formation, Canada
(1900 m.y.) and H. psilata by Muir (1976)
from the Amelia Dolomite, Australia (1500
m.y.).

TYPE 3

Spherical cells with a narrow neck-like
body expanding into umbrella like-structure
(PI. I, fig. 8). Spherical cells measuring
8-10 fLm, neck 2 fLm broad and umbrella
4-8 fLm long.

The specimens resemble Kakabekia
umbellata Barghoorn (1965) recorded from
the Gunflint Iron Formation.

DISCUSSION

Biota from the Prephanerozoic stroma
tolite has been reported by Awramik (1977)

from the stromatolitic sequence in the
Gunflint Iron Formation, Canada (1900
m.y.). According to his observations the
microbiota plays an important role in
the deposition of stromatolites. Furt her in
Strati/era, the microbiota is dominated by
coccoidal cells comparable with Huron is
pora Barghoorn whereas on the other
hand in columnar stromatolite the filament
ous form, comparable with GUllflintia
Barghoorn, is dominant. The present study
supports the fact that the stratified stroma
tolites are formed by the biogenic activity
of the Chroococcacean type.

Schopf et al. (1977) described microbiota
from the algal laminated sediments of
cf. Stra tifera from the Shorikha Forma
tion (approximately 900 m.y.) in the
Nizhnyaya Tunguska River Valley, U.S.S.R.
and also from th.e Minyar Formation
(approximately 700 m.y.) about 5 km up
stream from the village of Bakeyevo,
U.S.S.R. Two principal types of micro
fossi Is, (a) solitary algal unicclls containing
some intracellular organic bodies, and (b)
filamentous microfossils, tubular and un
branched comparable to extracellular sheaths
produced by modern mat building Oscilla
toracean blue-green algae have been identi
fied. Though, the stromatolitic biota from
Bhadora resemble in the presence of solitary
algal unicells but differs in t he absence of
filamentous microfossils.

The presence of Kakabekia and other
Chroococcaceans suggests that the organo
sedimentary structures have been deposited
in shallow water and in anoxygenic con
ditions.
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EXPLANATION OF PLATE

(All photomicrographs are x 1000; figured slides are preserved at the Birbal Sahni Institute of Palaeo- l-~.
botany Museum; Stage coordinate on Leitz-Dialux M.icroscope)

1-3. Type 1. cf. Nanococcus vulgaris Oehler, slide
no. 6934; Stage coordinates 21.6 x 102.5 (fig. 1),
21.4 x 102.4 (fig. 2) and 22.1 x 100.6 (fig. 3).

4, 5. Isolated cells of Nanococcus vulgaris Oehler,
slide no. 6935; Stage coordinate 42.9 x 96.7.

6, 7. Type 2. cf. HUl'onispora psilala Barghoorn,
slide no. 6935; Stage coordinates 42.0 x 103.5
(fig. 6) and 46.4 x 101 (fig. 7)

8. Type 3. cf. Kakabekia umbellala Barghoorn,
slide no. 6936; Stage coordinate 42·1 x 95-4.
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LELESTROBUS: A NEVi' MICROSPORANGIATE ORGAN FROM
THE TRIASSIC OF NIDPUR, INDIA

SHYAM C. SRIVASTAVA

Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226007, India

ABSTRACT

Letestrobus pennatus gen. et sp. nov. is a compact strobilus having spirally arranged
quill-like microsporophylls. Each microsporophyll is composed of an expanded base
bearing abaxially inserted sporangium, and an allenuated distal portion. A sporan
gium is ovoid in shape and contains nonstriate-bisaccate pollen grains. This has close
affinity to Coniferales.

Key-words - Letestrobus, Strobilus, Microsporophyll, Coniferales, Triassic (India).
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INTRODUCTION

SINCE a compressed cone (Conites
sp.) from the Indian Triassic was
first recorded by Srivastava (I 971)

from the Dicroidium-bearing bed of Nidpur,
several pollen prod ucing organs, namely,
Nidistrobus Bose & Srivastava, 1973;
P. nidpurensis Srivastava, 1974; Pteruchus
indicus Pant & Basu, 1973; Bosea Srivastava,
1975; Rugatheca Pant & Basu, 1977; and
Nidpuria Pant & Basu, 1979 have been
discovered and described.

A few more fructifications, viz., Satsangia
Srivastava & Maheshwari, 1973; Chakrea
Srivastava, 1976; Pteruchus thomasii; and
P. gopadensis Pant & Basu, 1979 have also
been reported but these have not yielded
any pollen grains.

This paper records an additional strobilus
bearing quill-like microsporophylls.

having broad expanded base with an atte
nuated distal portion. Sporophyll base with
an abaxially inserted median sporangium,
sporangium oblong-ovoid, accentuated
by flap or wing-like structure. Sporophyll
cuticle differentiated into non-stomatic and
stomatic sides, thinner surface bearing
a few longitudinally oriented stomata,
marked in tapering part of sporophyll.
Sporangial wall thin, composed of smooth
rectangular-polygonal cells; pollen grains
bisaccate, non-striate.

Type Species - Lelestrobus pennatus sp.
nov.

Derivation of Name - After late Dr
K. M. Lele.

Lelestrobus pennatus gen. et sp. nov.
PI. 1, figs 1-16; Text-figs 1A-Q

Diagnosis - Detached strobilus, 1.5 Cm
Lelestrobus gen. nov. long, consisting of spirally arranged sessile

microsporophyJls, microsporophylls ab-
Diagnosis-Strobilus consisting of spirally axially with an inserted oblong-ovoid

arranged quill-like sessile microsporophylls sporangium accentuated by flap or wing-

~6 I
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TEXT-FIG. 1- Leleslfoblls penna/lis gen. et sp. nov. - A, a microstrobilus showing spirally arranged
microsporophylls with its attenuated distal portion, Holotype no. 35469, ;< 4; B, counterpart of Holo
type no· 35469, X 4; C, a broken microsporophylJ showing a part of sporangium containing pollen
grains associated with attenuated distal portion in broken stale, slide no. 6598/35469. x 40. D-E,
an approximately complete microsporophyll exhibiting conspicuously l11idparl broken, bUI expanded
basal portion bearing abaxial sporangium with a few pollen grains and altenual(d distal portion
preserved respectively, slide nos. 6600/35469. x 20, 6598/35469, X 20; F, a part of sporangium with both
surfaces associated with pollen grains, slide no. 6599/35469, X 50; G, an empty sporangium
where the entire pollen mass is shed off, slide no. 6598/35469, X 20. H, non-stomatic surface showing
serially arranged epidermal ctlls, slide no. 6601/35469, X 75; I, thinner surface showing a single
stoma with feebly developed papillae projecting over stomatal pit, slide no. 6598/35469, X 5eO. J. a
lypical nonstriate, bilateral. disaccate grain showing zone of saccus altachmenl associated with vertically
oblong-ovoid c.b. distally saccus free area (where sexine not free from intexine) bearing linear diffused
sulcus-like area (tenuitas) in the centre, slide no. 6599/35469 ca. x 400; K·M, varied forms of pollen
grains respectively showing: K - central body with horizontal or two parallel folds, L - one pollen
di'p]oxylonoid with circular central body in distal focus, M - a pollen grain in mOl1osaccoid condition,
slide no. 6599/35469 ca. x 500; N-P, showing variation in saccus attachment, slide 00. 6599/35469 ca. x
500~ Q, a diagrammatic restoration of a microsporophyll.
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like structure. Sporophyll cuticle different
iated into stomatic and non-stomatic sur
faces, non-stom':itic surface slightly thicker
composed of serially arranged rectangular
narrower, occasionally polygonal cells, cell
walls usually straight, at places end-walls
oblique, surface generally smooth; stomatic
surface thinner bearing a few stomata,
usually marked in tapering part of
sporophyll, cells generally polygonal, cell
walls extremely thin, at times inconspicuous,
lateral-walls straight, end-walls usually ob
lique, at places straight, surface smooth
or unsculptured, stomata orientated longi
tudinally, mostly marked only by thinly
cutinized, feebly developed papillae pro
jecting over the inner stomatal pit, subsidiary
cells 5, stom':ital aperture indistinct.
Sporangial-wall membranous, cells elongated
rectangular or polygonal, cell-walls thin,
at times not clearly distinct, surface smooth.
Pollen grai ns non-striate, bisaccate, haploxy
lonoid, size range 60-70 X 50-60 fun with
a well defined nrtically oval-rou nded central
body measuring 36-48 fi-m in size, finely
intrapunctate-infrareticulate in structure,
sacci small 8-12 fLm wide, sacci proximally
attached on equator and distally inclined
to cover 1/6 Plrt of central body, distal
zone of S1CCUS attachment clearly marked
but without any fold or ridge, distal saccuS
free area 14-25 fLm wide, vertically oblong
ovoid showing the presence of a linear
tenuitas or diffused sulcus-like area in the
centre, sacci mediumly or finely intrareti
culate, less than I fLm wide muri, 10-24
fLm laterally apart.

Holotype - No. 35489 of the Birbal Sahni
Institute of Palaeobotany, Lucknow.

Locality - Gopad River near Nidpur,
Sidhi District, Madhya Pradesh.

Age - Triassic.
Remarks - Only one detached specimen

with a slightly imperfect base has been
fou nd. The sporophylls are so closely
clasped that only a small sporophyll with
its apical broken end could be separated
with difficulty. Even in doing so the pollen
grains were shed in water. However, in
other preparations the tapering part of
sporophyll attached with sporangium could
be detected and the reconstruction of micro
sporophyll gi ven in Text-fig. 1Q has been
based on all the preparations.

The position and attachment of sacci in
the pollen grains are variable. Mostly the

sacci are crescentic and smaller than the
central body; but in a few specimens they
are equal to the central body. Sacci are
usually continuous laterally round the central
body and sometimes there are notches at
the meeting points. Occasional diploxy
lonoid pollen grains with circular central
body have also been marked. One or two
folds have also been observed on proximal
surface of some monosaccoid grains. These
grains are variants of the same general
type. Variation in pollen grains is known
in some coniferous cones (Grauvogel-Stamm,
1969, 1972, 1973, 1976) as well as in other
fossil plant groups.

Such type of dispersed pollen grai ns have
earlier been recorded from the Nidpur
shale as a variable form of Alisporites in
dicus Bharadwaj & Srivastava, 1969.

COMPARISON AND DISCUSSION

In general, Lelestrobus pennatus is a
compact strobilus bearing abaxial sporangia
with nonstriate-bisaccate pollen grains.
These characters are suggestive of its re
lationship with Coniferales. In having quill
like microsporophylls, L. pennatus seemingly
approaches the genus Isoetes but it is
clearly different because of the aforesaid
characters.

Lebachia pimjormis described by Florin
(1938-45) differs in havi ng two micros
porangia on each sporophyll and mono
saccate pollen grains with baloon-like sacci
completely surrounding the central body
except at distal pole.

Lelestrobus pennatus markedly differs from
the extant conifers in its microsporophylls
exhibiting only a single sporangium abaxially
inserted in the basal region while in the
latter the microsporophylls bear two to
many, fused or free sporangia.

Because of a single sporangium Lele
strobus pennatus probably represents an early
phase in the evolutionary history of conifers.

ACKNOWLEDGEMENTS

Grateful appreciations are expressed to
Dr Sukh Dev for critically going through
the manuscript and to Dr R. S. Tiwari for
his useful discussions dealing with the mor
phography of pollen grains.

'0,

(..,



SRIVAST~VA -LELESTROBUS: A NEW MICROSPORANGIATE ORGAN FROM TRIASSIC 89

REFERENCES

.!JHARADWAJ, D. C. & SRIVASTAVA, SHYAM C. (.1969).
A Triassic mioflora from India. Pa/aeonlo
graphica, USB: 119-.149.

BOSE, M. N. & SRIVASTAVA, SHYAM C. (l973a).
Nidislrobus gen. nov. a pollen-bearing fructi
fication from the Lower Triassic of Gopad River
Valley, Nidpur. Geophyl%gy, 2 (2): 211-212.

BOSE, M. N. & SRtvASTAVA, SHYAM C. (l973b).
Some micro- and megastrobili from the Lower
Triassic of Gopad River Valley, Nidpur. Geo
phyl%gy, 3 (I): 69-80.

FLORIN, R. (1938-45). Die Koniferen des Ober
carbons und der untern Perms I-VIII. Pa/r.Jeonlo
graph ica , 85B: 1-729.

GItAUVOGEL-STAMM, LEA (1969). Nouveaux D'
organes reproducleurs males de coniferes du gres
a VO/lziu (Trias Inferieur) Des Vosges. BIlII.
Servo geo/. A/s. Lorl'., 22 (2): 93-120.

GRAUVOGEL-STAMM, LEA (1972). Revision de cones
males du " Keuper Inferieur " du Worcestershire
(Angleterre) attributes a Mascu/oslrobus willsi
Townrow Comparaison avec des especes Voisines
du Buntsandstein superieur des vosges (France).
Pa/aeontographica, 140B: 1-26.

GRAUVOGEL-STAMM, LEA (1973). ]v1C/scu/ostrobuAS
acuminatus nom. nov. un nouvel organe repro
ducteur male de Gymnospermae du gres a VoJtzia
(Trias inferieur) des Vosges (France). Geobios.,
6 (2): 101-113.

GRAUVOGEL-STAMM, LEA (1978). La f10re du Gres
a VO/lzia (Buntsandstein Superior) des Vosges

du Nord (France)- Morphologie AnatcmieInler
pretation, Phylogenique et Palaeonlographique.
Sci. Geo/. Mem., 50: 1-225.

PANT, D. D. & BASU, N. (1973). PleruchllS indicus
sp. nov. from the Triassic of Nidpur, India.
Pa/aeontographica, 144B: 11-24.

PANT, D. D. & BASU, N. (1977). On some
seeds, synangia and scales from the Triassic of
Nidpur, India. Pa/C/eontographica, 163B: 162
178.

PANT, D. D. & BASU, N. (1979). Some further
remains of fructifications from the Triassic of
Nidpur, India. Pa/aeontographica, 1688: 129.
146.

SRIVASTAVA, SHYAM C. (197 J). Some gymnospermic
remains from the Triassic of Nidpur, Siddhi
District, Madhya Pradesh. PC//aeoboIClnist, 18 (3):
280-296.

SRIVASTAVA, SHYAM C. (1974). Pterjdospermic re
mains from the Triassic of Nidpur, Madhya
Pradesh, India. Geophytology, 4 (1): 54-59.

SRIVASTAVA, SHYAM C. (1975). A new microspo
rangiate fructification from the Triassic of Nidpur,
India. Pa/aeobotanisl, 22 (1): 19-22.

SRIVASTAVA, SHYAM C. (1976). Some macroplant
fossils from Ihe Triassic rocks of Nidpur, India.
Pa/aeobotanisl, 23 (1): 44-48.

SRIVASTAVA, SHYAM C. & MAHESHWARI, H. K. (1973).
Satsungia, a new plant organ from the Triassic
of Nidpur, Madhya Pradesh. GeophYl%gy,
3 (2): 222-226.

EXPLANATWN OF PLATE

Le/eslrobus pennaIus gen. et sp. nov.

I. Holotype: BSIP specimen no. 35469. x nat.
2. Counterpart of the holotype. x nat.
3. Holotype showing spirally clasped microsporo

phylls. x 6.
4. Holotype (counterpart). X 4.
5. A part of microsporophyll showing a portion of

sporangium containing pollen grains associated
with a broken attenuated distal portion. BSIP
slide no. 6598/35469. x 40.

6. A broken microsporophyll showing an embedded
abaxial sporangium placed in middle of expanded
basal part. BSIP slide no. 6600/35469.
X 40.

7. An under macerated incomplete sporangium

,

filled with pollen grains. BS.1P slide no 6599/
35469. x 100.

8. An empty sporangium from which the pollen
have been shed off. BSIP slide no 6598/35469.
X 40.

9. Spirally clasped microsporophylls. BSIP slide
no. 6597/35469. x 100.

10.12. Pollen grains relrieved from a sporangium.
BSIP slide no 6599/35469. x 200.

13. A dissected sporangium with liberated pollen
grains adhering to its thin cuticle. BSIP slide
no. 6599/35469. x 100.

14. Non-stomatic thicker surface. BSIP slide DO.
6601/35469. x 150.
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