THE KOTA FORMATION : FOSSIL FLORA AND STRATIGRAPHY

A. RAJANIKANTH & SUKH-DEV

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

Abstract

Morphotaxonomic and xylctomical studies of the fossil plants from Kota Forma-
tion, Maharashtra have been carried out. The foral assemblage is deminated by cenifers,

followed by pteridophytes, cycadophytes and

have not been recorded.

Tne assemblage comprises the leaf genera

ginkgophvtes respectively. Pteridosperms
Cladophlebis,

Sthenopleris. Pagiopryllum and wood genera— Araucarioxylon, Podocarpoxylin, Taxaceoxylon and

Cupressinoxylon
age to the Kota Formation.

Introduction

The Kota Formation is named after the
village Kota (Long 18°55" Lat. 79759") situ-
ated oa the cast bank of the river Pranhita
in the Chandrapur District, Maharashtia.
This Formation is characterised by a lime-
stoae band, grits of light brown colour with
red clay bands and sandstone. The geology
and stratigraphy of this formation is known
through the work of King (1831) Kutty
(1969) and Rudra (1972). i

Rich invertebrate and vertebrate fauna
including variety of fish, crocodilian remains,
dinosaurs, estherids, micromammals, ostra-
cods, insects etc. have been reported from
this formation by Owen (1952) Rao and Shah
(1959), Satsangi and Shah (1973), Govindan
(1975), Datta et al. (1978), Yadagiri et al.
(1980) and Jain (1959, 1973, 1983).

As regards the plant-remains, Rao and
Shah (1963) recorded Equisetites, Cladophlebis,
Otozamites, Sphenopteris,  Hausmannia and
Pagiophyllum from a stream section about a
kilometer southeast of the village Chitur
in Chandrapur District, Maharashtra.
Mahabale (1967) recorded Blatocladus, Mese-
mbrioxylon, Taxoxplon and Podocarpoxylon.
Shah et al. (1973) listed plant fossils from
the Kota limsstone bed, viz., Eguisetites sp.,

Floristic and other evidences suggest Middle Jurassic or slightly younger

Hausmannia sp., Coniopteris hymenophylloides,
Con:opteris sp.,  Cladophlebis indica sp., P.
peregrinum, — Pagiophyllum ct.  P. peregrinum’
Pagiophyllum sp., Araucarites cutchensis, Elato-
cladus sp., [ jabalpurensis and  Torreyites cf.
T. constrictus. Biradar and Mahabale (1978)
deseribed Ginkgoxylon  dixitii from Kota.
Srinivasa Rao et al. (1979) rccorded Cladoph-
lebs induica, (. reversa, Ptilophyllum aculifolium,
P. cutchense, Elatocladus plana and Brachyphyl-
lum. Biradar (in Mahabale & Satyanara-
yana 1978) reported Taxoxylon sp. ¢l T.
rajamahalense,  However, except  Ginkgoxylon
dixitii none of the plant fossils has so far been
systematically described and  illustrated.
The palynology of Kota sediments is not
known.

. For the present study a number of sili-
cified woods were collectéd from nalas, road
cuttings and river sections near the Kota
Village (Map 1). The sediments are chara-
cterized by grits of light brown coloyr along
with red clay bands and sandstoncs, Woods
were mostly found in the sandstone horizon
lying in the bedding plane and also scattered
in the river beds. None of the limestone
beds near Kota yiclded plant impressions.

A number of silicified woods were also
collected from road cuttings and nala sections
near the Chitur Village (18° 46’ . gg° 077)

This paper was presented in the VII Indian Geophytological Coonfererce held on 28-30 November
1987 at the Birbal Sahni Institute of Palaeobotany, Lucknow.
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MAP 1 SHOWING PLANT FOSSIL LOCALITIES (") IN
CHANDA DISTRICT, MAHARAS " TRA

which lies about thirty kilometres southeast
of Kota (Map 2). Beside woods, a few
fragmentary plant-impressions were also found
in the limestone bed of a stream section
about one kilometer southeast of Chitur.
Rao and Shah (1963) collected some plants
mentioned earlier and also a pterosaur from
this bed.

The lithological characters of the section
are as under in descending order, The basal

axeow 4 Y9y

MAP 2 SHOWING PLANT FOSSIL LOCALITIESCA) IN CHANDA DISTRICT, MAHARASHTRA
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carbonaceous, shaly bed is devoid of mega-

and microfossils :

A8 alternating yellow,
and hard sandstones

B 147-16” yellow and grey mixed sandy
clay overlain by yellowish sandy
clay

grey, soft

C 679"  yellowish hard sandy clay

D 47-10" grey micaceous hard clay

E 27.3"  yellowish soft brittle limestone
with animal and plant megafo-
ssils

F 47-8"  ash coloured coarse sandy shale

G 2'-5"  black carbonaceous shale

Description

UNCLASSIFIED FERNS
Genus—CLADOPHLEBIS Brongniart, 1849

Cladophlebis sp. A.
PL 1, figs. 9, 10; Text-fig. 1

Description—Frond fragmentary, measur-
ing 9 mm X7 mm, ? imparipinnate. Rachis
distinct, slender, Pinnules small, alternate,
connected at base and making an angle of
about 70°-85° to rachis. Margin entire,
Apex obtuse or rounded. Midrib present,
lateral veins arising at an angle of about
30°-40°, forked once or twice.

Comparison—Cladophlebis sp. A resembles
to some extent Cladophlebis sp. described by
Sukh-Dev and Rajanikanth (1988) from the
Gangapur Formation in general morphology
of frond, but it is smaller in size. Cladophle-
bis sp. also shows apparent resemblance with
the smaller pinnules of Cladophlebis daradensis
Bose & Banerji (1984).

Genus—SPHENOPTERIS Sternberg, 1825

Sphenopteris sp. A.
PL. 1, figs. 3,8

Description—Fragmentary pinna 5 mm X
2 mm in size, imparipinnate. Rachis dis-
tinct, slender. Pinnules alternate, short,
lanceolate, dissected into 2-3 forwardly direc-
ted lobes. Pinnules of the same side
connected at the base by narrow lamina,
Margin entire. Apices of lobes acute or
subacute. Each lobe having a vein which
further gives rise to a few small veins. ’

Comparison—Splenopteris sp. A resembles
Sphenopteris sp. A described by Zeba-Bano



4 Cvg’);)/z'){fjjﬂg) s 19: 1/

2 0 & 11 :
B2z »‘ /%7 1= |
‘7;.',_:;' :/ / \ ; ; & f
T ) &y =)
- . | O IR
ll; ] A "P » A Lﬁ
) '\*\J ‘,‘,,, ‘;“ // ﬁ Cf
%, /f/ %, (@/W ? = Q
T & W7 <7 94 (=)
) W (2
@ //2’ 4 ty ' Sl
) ‘\K 0 l
NONNC
@ _ ¢y 1 @1 U |
w2 2 E -
Olo) ‘?g)‘ 21 ( C = | H= Sl I I
(j O) 2, | | | /7 {0\ ‘
[2lC (‘-o/ 1\ | 1 ‘2) K:/,\j i@i s %©:’
= | | ©) (O H - 1T
Q |E f 9|F [~
Sl | =6
! N [
\?\ (= | T N N _._}__...
N ( | — | ’ @@ o) e
& \“ g | i @' e
0 ). ()
N — il
O
|

Text-figure 1.—A. Cladophlebis sp. A, Specimen no. BSIP 36233, x4; B. Pagiophyllum sp. A, Specimen no.
BSIP 36255, x 1; Q. pagiophyllum sp. B, Specimen nc. BSIP 36238, x 2; D. Araucarioxylon sp. R. L. S. showing
uniseriate hexagonal radial wall pits, Slide no. BSIP 36241-I11, x 200; E. Cupressinoxylon kotaensis n . sp., R.L.S.
showing uni-biseriate radial wall pits with crassulae, Slide no. BSIP 36248-111, x 200; F. Taxaceoxylon sp. A.,
R.L.S. showing uniseriate radial wall pits, Slide no. BSIP 36246-111, x 200; G.Araucarioxylon pranhitensis n. sp.
R.L.S.showing bi-triseriate alternate hexagenal radial wall pits, Slide no. BSIP 36240-111, x 250; H. Araucarioxy-
lon santalense (Sah & Jain) Bose & Maheshwari, R.L.S. showing cress-field pits, Slide no. BSIP 36239-T17, x 200;
I. Same, R.L.S. showing uni-biseriate hexagonal radial wall pits, Slide no. BSIP 36239-111, x 3505 J. Taxa-
ccovylon sahniin. sp., R.L.S. showing uniseriate radial wall pits and spiral thickenings, Slide no. BSIP 36245-111,
X ')—00; K. Cupressionxylon kotaensis n. sp., T.L.S. showing uniseriate xylem rays, Slide no. BSIP 36248-11, x 125;
L., Taxaceoxylon sp. T.L,S. showing uni-biseriate xylem rays, Slide no. BSIP 36246-11, x 50; and Araucariosylon
vranhitensis n. sp., R.L.S. showing cross-field pits, Slide no. BSIP 36240. x 250,
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(1980) from Jabalpur, except that the pin-
nules in the former species are too small.
Sphenopleris sp. A also resembles Sphenopteris
fittoni Seward described by Halle (1913) from
Graham Land in general appearance only.

CONIFERALES

Genus-—-PAGIOPHYLLUM Heer, 1881

Pagiophyllum sp. A
Pl. 1, figs. 1, 2, 5, Il; Text-fig. 1 B

Description—Leafy twigs, measuring 3
cmx 1.8 cm, branched. Branches slender,
2-5 mm wide, making an angle of about 20°-
35°, Leaves spirally borne, straight or sligh-
tly falcate, lanceolate, directed forward at an
angle of about 10°-30°, typically 2 mm long
and less than 1 mm broad. Leaf-base de-
curfent, concealed by lower leaves. Margin
entire. Apex acute or obtuse.

Gomparison—Pagiophyllum sp. A closely
resembles Pagiophyllum sp. in form and size.
A described by Bose, Banerji and Jana
(1984) from the Lower Cretaceous of Garde-
shwar. But apices of leaves in the latter
species are tharply pointed.  Sphenolepidium ?
oregonense  Fontaine described by Halle
(1913) from Graham Land closely resembles
Pagiophyllum sp. A in general appearance, but
the tips of leaves are strongly incurved.

Pagiophyllum sp. B
Pl 1, figs 4, 7; Text-fig. 1G

Description—Unbranched leafy shoots,
about 1.7-3.4 cm long and 0.5-0.8 cm broad,
slightly bending on one side. Leaves small,
about 1-3 mm long and 0.5 mm wide, lan-
ceolate, falcate, spirally borne at an angle of
about 40°-90°. Margin entire, Apex acute
or apiculate, Leaf-base decurrent. _

Comparison—Pagiophyllum sp. B is quite
distinct from Pagiophyllum sp. A described
above in having large and comparatively
sparsely ~arranged leaves, The present
species is also somewhat comparable in ex-
ternal morphology with Pagiophyllum sp. des-
cribed by Sitholey (1940) from Afghanistan
and Pagiophyllum sp. described by Halle
(1913) from Graham Land.
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Family —ARAUCARIACEAFE

Genus —4RA4 UCARIOXYLON Kraus, 1870

The fossil wood showing picnoxylic
secondary wood with araucaroid pitting are
gencrally described either under Dadoxylon
Endlicl}er (1847) or Araucarioxylon Kraus
(1870, in . Schimper 1870-72). Seward in
1963 mentioned that fossil woods with arau-
carold pitting from the Palaecozoic be assig-
ned to Dadoxylon and those from the younger
strata to Araucarioxylon because Dadoxylon
type of woods were thought to belong to
Cordaitales and Araucarioxylon to Araucaria-
ceae. Potonie (1902) and Gothan (1905)
preferred to retain the name Dadoxylon irres-
pective of age of the wood. Maheshwari
(1972) suggested that the name Araucarioxylon
be used for the secondary woods with arau-
caroid radial pitting and cupressoid cross-
field pits having uniseriate or rarely partly
biseriate rays. Accordingly Bose and Mahe-
shwari (1974) transferred some Indian
Mesozoic Dadoxylon species to .Araucarioxylon.
But, it has been found that there is consider-
able variation in the height ard width of
xylem rays in the woods (Bailey & Paul,
1934 ; Daval, 1972).

Lepckhina (1972) suggested that the
difference between Dadoxylon and Araucarioxy-
lon woods lies in the presence of endarch
primary xylem with large nonseptate pith
without secretary canals in Dadoxylon and the
presence of only secondary wood in Araucari-
oxplon. Lakhanpal et al. (1977) supported
this view.

In the present study three fossils woods
under the generic name Araucarioxylon are
described. It is considered here that fossil
woods having only secondary xylem with
araucaroid pitting be assigned to Arau-
carioxylon and those having primary xylem
and pith be assigned to the genus
Dadoxylon irrespective of their age. Thus,
only the change in name from Dadoxylon
to Araucarioxylon as suggested by Bose and
Maheshwari (1974) is adopted here, butin
a different sense as mentioned above.

Araucarioxylon santalense (Sah & Jain) Bose &
Maheshwari

Pl 1, figs. 6, 12, 13, 14; Text-figs. 1H, I; 2A

Remarks—The present fossil weod posse-
sses distinct growth-rings and occasional
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tangential wall pits and lacks resin tracheids,
but the other characters arc similar to /.
santalense.

Araucarioxylon pranhitensis n. sp.
Pl 2, figs. 1, 2,6, 9; Text-figs. 1G, M

Diagnosis—Growth rings present; resi-
nous cells scattered; wood parenchyma
absent; radial wall pits uni-to tri-seriate,
mostly uni-or biseriate, alternate. sometimes
sub-opposite or opposite, hexagonal, bor-
dered, contiguous; cross-field pits 3-6, arra-
nged in groups, circular or elliptical, 6-8 um
in size, xylem rays mostly uniseriate, some-
times bi-or triseriate, long, 1-52 cells in
beight, cells longer than broad, walls smooth
and thin.

Holotype—Specimen no.
(slide nos. 36240 I-III)

Locality—Kota.

Horizon & 4ge—Kota Formation, Middle
Jurassic—slightly younger.

Comparison—Araucarioxylon  pranhitensis is
charactered by the presense of long, mostly
uniseriate or sometimes bi-triseriate xylem
rays, araucaroid pitting and 3-6 crossfield
pits. In having uni-triseriate radial pits A.
pranhitensis resembles Araucarioxylon amraparense
(Sah & Jain) Bose & Maheshwari (1974)
known from the Rajmahal Hills. However,
it differs in having more cross-field pits and
longer xylem rays. In the height of xylem
rays A. pranhitensis is closer to Araucarioxylon
bindrabunense (Sah & Jain) Bose and Mahesh-
warl (1974).  A. pranhitensis resembles Dado-
xplon deccani Shukla (1938) described from
the Deccan Intertrappeans in the hright of
xylem rays, but it differs in having 1-6 cross-
field pits and 1-2 rows of radial wall pits.
A. pranhitensis also resembles Dadoxylon keupe-
rianum Seward (1963) in the height of xylem
rays, but in the latter the xylem rays are
always uniseriate unlike A. pranhitensis, where
sometimes bi-triscriate xylem rays are pre-
sent.  A. pranhilensis is also comparable with
A. huzinamiense, described by Ogura (1960)
from Japan, in the heigit of xylem rays and
2-3 biseriare radial wall pits.

BSIP 36240

Araucarioxylon sp. A . o
Pl. 2, figs. 3,4, 5, 7, 8; "Text-Ngs, 11, 21

Description—Wo)d light .l)f'owu.in colour;
Growth rings present, transition [rom carly
to late wood gradual. Larly wood  zone
94-492 cells wide. Latc wood zont
3.5 calls wide. Resin cells scattered.

HArrow,

Larly

wood tracheids squarish to polygonal, 32.58
X H6=78 wm in size, wall 16-24 pm thick.
Late wood tracheids nearly squarish, 14-30
pmx 16-40 pm in size. Radial wall pits
mostly uniseriate, contiguous, 13-16 um in
size, more or less hexagonal, 5-6 um in dia-
meter. Cross-ficld pits 2-5, bordered, arran-
ged in groups, 4-5 pm in siz-, oval, some -
times circular. Xylen rays mostly uniseriate
rarely partly biseriate, 1-18 cells (18-430 pm)
in height. Cells longer than broad, walls
smooth and thin.

Comparison—Araucarioxylon sp. A. closely
matches with Dadoxylon (Araucarioxylon) sp. A
described by Sahni (1931) from the Triassic
of South Rewa Basin in the nature of growth
rings, radial wall pits and xylem rays. Arau-
carioxplon sp. A. also resembles to some extent
Araucarioxylon raymahalense Sahni (1931) in the
height of xylem rays and absence of tangen-
tial wall pits. In having long uniseriate and
contiguous radial wall pirs the present wood
is comparable with Araucarioxylon sp. (No. 2)
described by Greguss (1967) from the Lower
Liassic of Hungary. The present wood speci-
men differs from all of them in the nature of
cross-field pits.

FAMILY—PODOCARPACEAE
Genus—PODOCARPOXYLON Gothan, 1905

Podocarpoxylon  rajmakalense ( Jain) Bose &
Maheshwari

Pl 3, figs. 1.8

Remarks—Besides the diagnostic features
of P. rajmahalense (Jain) Bose & Maheshwari
the present wood specimen shows longer
radial wall pits and occasional tangential
wall pits as well.

Podocarpoxylon krauselii n. sp.
Pl 4, figs. 3, 4, 8, 10

Diagnosis—Growch rings distinct, tran-
sition from catly to late wood abvupt, xvlem
parenchyma scattered ; Farly wood tracheids
polygonal, 20-38 g X 25-55 g in size; late
wood (racheids round or polygonal, 16-23
X 25-32 jaminsize; vadial wall pits unl-
seriate, circular, bordered, coutiguous or
separate, aperture oval to vound; cross-ficld
pits 4-5, elliptical, arranged in groups, bor-
dered; xylem rays mostly uniseriate, 2-28
cells in height, cells oval or beed-like, cell
wall smooth and (hin.
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/

Holostype—Specimen no. BSIP 36243 in the latter they are 1-18. P. kraeuselii is
Slide no. 36243 I-111,. quite distinct from P. rajmahalense ( Jain)
Locality—Kota. Bose & Maheshwari 1974 in  having
Horizon & Age—Kota  Formation, distinct growth rings, longer xylem rays and
Middle Jurassic—slightly younger. greater number of cross-field pits. Thne pre-
Comparison—Podocarpoxylon  krauselii - re- sent species and  Podocarpoxylon  kutchensis
scmbles P parthasarthy:  (Sahni) Bose & Lakhanpal ¢t al. (1975) show xylem paren-
Maheshwari 1974 i1 possessing  grow'h chyma and predominantly uniseriate xylem
rings, xylem parenchyma and uniseriate rays but the latier possesses tangential wall
radial wall pits. But, in the former the pits. P. kracuselii and P. vikrami; Bande &
xylem rays are 2-28 cells in height, whereas Prakash 1984 resemble each other in
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Text-figure 2.—A. Adraucarioxylon santalense (Sah & Jain) Bcse & Maheshwari, R.L. S. showing uni-seri-
ate hexagonal radial wall pits, Slide no. BSIP 36239-11J, x 250; B. Ta:aceorplon sabnii n. sp., T.L.S. showing
uniseriate xylem rays, Slide no. BSIP 36245-11, x 50; C. Cupressionoxylon kotaensis n.sp., T.L.S. showing uniseri-
ate xylem rays, Slide no. BSIP 36248-11, 125; D. Podocarpoxylon chandrapurensis n. sp., R.L.S. showing uniseriate
radial wall pits, Slide nc. BSIP 36244-111, x 250; E. Same, R.L.S. showing cross-field pits, Slide no. BSIP
36244-111, x 250; F. Araucarioaylon sp.. R.L.S. shcwing cross-field pits, Slide~ nc. BSIP 36241-111, x 200; G.
Taxaceoxylon sahnii n. sp.. R.L.S. showing cross-field pits, Slide no. BSIP 36245-111, x 200; H. Cupressinoxylon
kotaensis sp., R.L.S. showing crcss-field pits. Slide no. BSIP 36248-111, x 205; I. Taxaceoxylon sp. B, R.L.S.
showing uniseriate radial wall pits, Slide no. BSIP 36247-111, x 200; J. Same, T.L.S. showing umniseriate xylem
rays, Slide no. BSIP 56247-11, x 50; K. Same, R.L.S. showing cross-field pits, Slide no. BSIP 3€248-17T, x
125: L. Ta>aceoxylon sp. A., R.L.S. shcwing cross-field pits, Slide no. BSIP 36246-111 x 200; M. Taxaceoxylon
sp. B, R.L.S. showing biseriate radial pits, stowing biseriate radial pits, Slide nc. BSIP 36247-177, x 200: and
N.same, R. L. S. showing spiral thickenings on radial wall, Slide no. BSIP 36247-111, x 200.
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and growth rings,

having xylem parenchyma ‘
fer m rays and cross-

but differ in nature of xyle
field pits.

Podocarpoxylon chandrapurctisty n. Sp- ‘
’ S w 3 |
PlL 4, figs. 1,2,5,7,9;1 ext-figs. 2 D, Ii

Diagnosis ~Growth rings distinct, transi-
o from carly to late wool abrupt, reslnous
arenchyma scattered; carly wood trachelds
6-54 cells wide, cells squarish, 1.8-32p111.><
19-30 pmin size; radial walls pitted, pits
mostly uniseriate, rarely biseriate, conti-
auous, separate, simple, bordered, circular,
10-12 um in size, aperture oval; cross-field
pits 1-2, ? bordered, round, 6'-7 pm, pore
round ; xylem rays mastly uniseriate, simple
1-18 cells high, ray cell longer than broad.
Holotype—Specimen no. BSIP 36244
(Slide nos. 36244 I-ITI),
Locality—Chitur.
Horizon &  Age—Kota  Formation;
Middle Jurassic—slightly younger
Comparison—Podocarpoxylon chandrapurensis
is characterised by the presence of distinct
growth rings, uniseriate, 1-18 celled xylem
rays and circular contiguous or solitary rad-
ial wall pits. It iscomparable with P. goda-
varianum  (Sahni) Bose & Maheshwari
(1974) in the height of xylem rays, in the
absence of tangential wall pits and crassulae
and in the presence of xylem parenchyma.
However, the present species shows distinct
growth rings and less number of cross-field
pits. P. chanddrapurensis is also comparable with
P. parthasarathy: (Sahni) Bose and Mahesh-
wari (1974) in possessing uniseriate, circular
radial wall pits and in the height of xylem
rays, but it lacks pith. To some extent P.
chandrapurensis does resemble P. rajmahalense
(Jain) Bose and Maheshwari (1974) in the
presence of uniseriate circular radial pits and
in the number of cross-field pits; the former
species, however, possesses longer xylem rays
and scattered parenchyma. P. aikaense Gre-
guss described by Ramanujam (1972) from
the Oldham Formation (Upper Cretaceous)
of Alberta to some extent is comparable with
P. chandrapurensis in having growth rings,
uaiseriate, scparate rounded radial wall pits
and scattered xylem parenchyma.

FAMILY—TAXACGEAL

Genus—TAXACEOXYLON Krauscl & Jain,
1964

Taxaceoxylon sahnit n. sp.
Pl 5, figs. 1-6; Text-figs. | J, 2B

Diagnosis—Growth rings present, transi-
(ion from early to late wood gradual, resin
cells and parenchyma absent; tracheids
squarish to polygonal, ~26:54 % 34-66 pm
in diameter. Radial wall pits mostly uni-
seriatc, Sometimes biseriate, opposite, ci'r-
cular, bordered, contiguous, 14-16 pm In
size, pore oblique, sometime round, crassulae
absent; spiral thickenings mostly double,
5-6 pm thick, occur at a distance of 12-20
pm at an angle of 30°-45°; cross-field pits
2-5, cupressoid, bordered, pore oblique;
xylem rays uniseriate, 1-9 cells in height,
cells oval to elliptical, spirals on tangential
walls mostly double, arranged at a distance
of 8-20 um at an angle of 30°-420.

Hololype—Specimen no. BSIP 36245
(Slide nos. I-III).

Locality—Kota.

Horizon & Age—Kota Formation, Mid-
dle Jurassic—slightly younger-.

Comparison— T axaceoxylon sahnii resembles
T. rajmahalense (Bharadwaj) Kriusel & Jain
year in possessing spiral thickenings on both
radial and tangential walls of tracheids and
in the height of xylem rays and absence of
tangential wall pits. However, the present
species has biseriate radial pits and lacks
crassulae. Taxaceoxylon sp. cf. T. raymahalense
described by Kriusel and Jain (1964) too
possesses 1-2 seriate radial wall pits and
lacks tangential wall pits asin T"sahnii, but the
latter has longer xylem rays. Both 7. sahni’
and T. intertrappeanum Mahabale & Satya-
narayana 1978 resemble in the height of
xylem rays. 7. antiquum (Boershore & Grey)
Kriiusel and Jain and 7. cehnii have in com-
mon [-2 seviate radial wall pits and lack
tangential wall pits. 7. memurrayensis Roy
1972 described from the Lower Cretaceous
of Alberta, Canada resembles 7. saknii in
having uniseriate xylem rays, spiral thicken-
ings of the tracheids and in lacking cras-
sulae,

Taxaceoxylon sp. A
Pl 4, figs. 6; PL 5, fig. 7; PL. 6, figs. 1,2, 4;
Text-figs. |F, I,; 21, )

Deseription-—Growth rings  faintly
marked, variable in size., transition from
carly to late wood gradual.  Resinous
parenchyma and resin canals absent.

liarly wood tracheids squarish to nearly
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round. thin-walled, cells 32-32 um x 28-58
um in size, radial wall thickness 8.3-10 um.
tangential wall thickness 10-12.5 ym. Late
wood zone 8-10 cells wide. trachieds angular.
17-28 pm in size. wall thickness 2 5-3 pym.
pits on radial walls of trachieds uniseriate,
circular, bordered. crntiguous or separate,
12.5-15 pm in size. pore round. 4.5-5 pm in
diameter. Spiral thickenings on radial walls
of tracheids making an angle of 40°-80°. 4-5
pm thick, single and double. sometimes
thickenings horizontal, 2-5 pm thick, band-
like cross-field pits 2-4. cupresscid. 3.3-3 pym
in size, bordered, pore round or oval
Xylem rays uniseriate, rarely partly biseri-
ate, simple. 1-22 cells (23-575 pm) in height.
mostly 3-12 cells, cells barrel or dumb-bell
shaped, 30-55 pm broad. walls smooth and
thick,

Compariscn—Taxaccoxylon sp. A closely
resembles 1. antiquum (Boershore & Grey)
Kriusel & Jain 1964 in possessing growth
rings, long xylem rays, spiral thickenings on
the radial walls of tracheids and uniseriate
radial pits, but it lacks pits on tangential
wall and biscriate radial pits.  Taxaceoxylon
sp. A differs from 7. sahnii in possessing hori-
zontal thickenings on the radial and tangen-
tial walls. Ttisalso distinct from Taxaceo-
xylon sp. B in having longer xylem rays and
uniseriate radial wall pits.

Laxaceoxylon sp. B
Pl. 5, figs. 8; Pl 6, figs. 3.0, 6; Text-figs,

2, I,J K, M N

Description—Wood piece  measurces 8.2
x3.4 cm. Growth rings faintly marked,
trasition from ecarly to late wood gradual.
Resinous  parenchyma  scattered. Resin
canals absent. Tracheids squarish to poly-
gonal, 35-70 X 30-50 pm 1n size, radial w_a]ls
5-10 um and tangential walls 8-10 pum thick;
Pits on radial walls uni-to biseriate, when
biseriate both alternate and opposite, cir-
cular, bordered, contiguous, rarely separate,
12.5-17.5 um in size, pore round to oval,
sometimes lenticular, rarely oblique, 4-5 um
in size. Crassulae absent. On radial walls
both right and left handed spirals present,
spirals solitary or paired, 6-7 pum thick, occu-
rring at a distance of 5-7 pm and at an angle
of 38°-50°. Spirals on tangential walls mostly
solitary and horizontal. Cross-field pits 2-4,
oval to elliptical, bordered, 6-7.5 pm broad;
Pore oblique and sometimes elongated.
Xylem rays uniseriate, homocellular, 1-12
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cells (20-300 um) in height, mostly 2-7 cells
ray cells more or less squarish to oval. 36-40
pm broad ; walls thin and smooth. '

Comparison— T axaceoxylon sp- B 1s compa-
rable with Taxaceoxylon rajmahalense (Bhara-
dwaj) Krausel & Jain 1964 in having
spiral thickenings on radial and tangential
walls of trachieds and in the absence of tan-
gential wall pits. However. Tavaceoxylon sp- B
possesses longer xylem rays, but lacks cras-
sulae and biseriate radial wall pits. Tavace-
oxylon sp. B and T. kateruense Mahabale &
Rao 1973 resemble each other in the height
of xvlem rays and absence of tangential
wall pits.

FAMILY —CUPRESSINOXYLON

Genus— CUPRESSINOXYLON
1850

Goeppert,

Cupressinoxylon kotaense n. sp.
PI.5, fiz. 9; PL 6. figs. 7-10; Text-figs. L,
K.2C. H

Diagnosis—Growth rings faintly marked;
xylem parenchyma scanty, scattered; resin
cells present; trachieds mostly round. 24-52
% 28-5+ pm in size:; radial wall pits uni-
biseriate, in the latier condition opposite,
bordered, contiguous or scparate, 14-18 pm
in size, pore oblique; crassulac present, 6-8
pm thick; cross-ficld pits 2-4, cupressoid;
xylem rays uniscriate, 1-13 cells, mostly 2-6
celis in height, cells oval, cells wall smooth
and thin.

Holotype—Specimen  no.
(Slide nos. I-III).

Localily—Kota.

Horizon & Age—Kota I'ormation, Mid-
dle Jurassic/slightly Younger

Comparison—Cupressinoxylon  kotaensis  is
comparable with C. coromandelinum Sahni
1931 in the nature of radial wall pits and
presence of crassulae. The latter has num-
erous crowded long xylem raysand abun-
dant resin parenchyma. C. Fkolaense to
some extent reszmbles C. alternans Sahni
1931 in having uniseriate xylem rays and
1-2 seriate radial wall pits. However, in C.
alternans the radial wall pits are alternate
and tangential wall pits are present. C.
sahnii Billimoria 1948 differs from C. kotaense
in the absence of parenchyma, in the height
of xylem rays and in the naturc of radial
wall pits.  Cupressinoxylon (Taxodioxylon) raj-
mahalense Bhardwaj 1953 is distinct from C.

BSIP 36248
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kotacnse in having long xylem rays, less
number of cross-ficld pits and in the presence
of tangential wall pits. (. walkomii described
by Sahni (1920) from the Walloon Serics
( Jurassic) of Queensland to certain extent
comes closer to . kotaensis.  Both the species
have uni-biseriate, bordered, circular, oppo-
site radial wall pits and crassulae.  But, they
differ in the height of xylem rays an d nature
of cross-ficld pits.

Discussion

The present Horal finds 'l:ogtztllex' with
carlier records from the Kota Iormation

include 17 gencra and 33 species (see Table
[). This assemblage is dominated by coni-
fers and pteridophytes. Cycadophytes and
ginkgophytes arc poorly represented.

These are chicfly rcpresented by the
gencra  Iiquiscliles, Housmannia, Conioplerts,
Cladophlebis, Sphonopteris, Olozamales, [’lzlaphy—
llum, Ilatocladus, Brachyphyllum, Pagiophyllum
and Araucarites which constitute the bulk cf
the flora of the Jurrassic-Lower Cretaceous
periods. The other constituents of  this
asscmblage are conifer woods belonging to
Araucarioxyton, Podocarpoxylon, Taxaceoxylon and
Cupressinoxylon, common to the Rajmahal
flora. Moreover, among these conifer woods

Table 1 —Distribution of fossil plants in the Kota Formation (based on present work and earlier

reports)

Taxa

_—

Locality

Chitur Narasimhagutta

Equisetites sp.
*Cladophlebis sp. A
Cladophlebis indica (Oldham & Morris) Feistmantel
Cladophlcbis reversa
*Sphenapterissp. A
Coniopteris hymenophylloides (Brongniart) Seward
Coniopterissp.
Hausmanniasp.
Otozamites sp.
Ptilsphyllum acutifolium Morris
Elatocladus plana (Feistmantel) Seward
Elatocladus jabalpurensis (Feistmantel) Sahni
Elactocladus sp.
* Pagio phyllum sp. A
* Pagiophyllum sp. B
Pagiophyilum cf. P. peregrinum (Lindley & Hutton) Schimper
Pagiophyllum peregrinum (Lindley & Hutton) Schimper
Brachyphyllum sp.
Araucarites cutchensis Feistmantel
Araucarites sp.
* Araucarioxylon santalense (Sah & Jain) Bose & Maheshwari
* Araucarioxylon pranhitaensis n. sp.
Araucarioxylon sp. A
*Podocarpoxylon rajmahalense ( Jain) Bose & Maheshwari
* Podocurpoxylon krauselii . sp.
* Podocar poxylon chaadrapurense n. sp.
* Taxaceoxylon sahnii n. sp.
* Taxaceoxylon sp. A
* Toxaceorylon sp. 13
Taxaceoxylon of. T, rajmahalense ( Bhardwej) Krausel & Jain
*Cupressinoxylm kotaense n. sp.
Ginkgoxylon dixi'ii Biradar & Mahal)le

*Present finds

l
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graucarioxylon santalerse (Sah & Jain) Bose
& Maheshwari, described from Rajmahal
H;l1ls is commonly found in the Kota For-
mation. axaceoxylon cf. T. rojmahalense
(Bhardwaj) Krdusel and Jain is another
species in the Kata Formation which closely
resembles T. rajmahalense from the Rajmahal
Formatioa. This study is suggestive of close
floral similarity between Kota and Rajmahal
formations. The flora of Rajmahal is con-
sidered to be Early Cretaceous in age (Sukh-
Dev, 1987). Broad leaved cycadophytes and
other characteristic fossils of the Rajmahal
flora are not recorded in the present assem-
blage. Interesiingly the Nipania floral
assemblage is slightly younger and is domi-
nated by conifers, hut such wood genera as
mentioned above are not known. These
differences can be ascribed to different depo-
sitional c¢nvironments.

Stratigraphically the Kota Formation
conformably overlics Dharmaram Formation
The flora from the Dharmaram Formation
is not definitly known, except Palissya conferius
and Chirolepis munsteri  recorded from  the
Annaram beds (King, 1881; Bandopadhyay
& Rudra, 1985). Faunal cvidences of
Dharmaram beds support an Upper Triassic
(Upper Norian to Rhactic) age  (Kutty,
1969). The Kota sediments arc unconlor-
mably overlain by the Gangapur beds which
show a lairly well represented flora ol LEarly
Cretaccous age (Sukh-Dev & Rajanikanth,
1988).

The age of the Kota Formation was
considered Lower Jurassic on fish evidences
( Jain, 1973, 1983; Satsangi & Shah, 1973;
Robinson, 1970; Yadagiri et al., 1980). On
the basis of ostracod Middle Jurassic age
has been suggested to these beds. (Govindan
1975; Misra & Satsangi, 1979; Trlpa..thi
1975). Overall palaeontological, geological
and palacobotanical evidences favour Middle
Jurassic or slightly younger age for the Kota
Formation. The view expressed by Raje-
shwar Rao el al. (1983) that the Middle to
Upper Jurassic strata are missing in the
Upper Gondwana sequence of Pranhita
Godavari Valley is not in concurrence with
the present study. It was probable that
during the time of deposition of Kota sedi-
ments there was abundant vegétatlon comp-
rising of mostly conifers with probably sub-
tropical environment with moderately good
rainfall. Presence of growth rings in the
woods points out alternating seasonal varia-
tions. The fish and ostracod evidences ind1-
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cate the presence of freshwater ex
and very shallow lake (Govindan, 1975

Jain. 1983). The presence of some t,ish anci
pterosaur which are elsewhere known from
marine deposits indicates the deposition of
Kotz sediments was not far away from the
sea (Shah & Pant, 1979), and also the occu-
rrence of coccoliths in limestones of the Kota
Formation indicates marine transgression
as well (Bhattacharyva, 1981).

panding
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Explanation of Plates

Plate 1

—
.

o PR

[87]

OO~
Dl

14.

Pa‘)gioj’/l)’llu,n sp. A, Specimen No. BSIP 36235,
X «.

Same, x 1.

Sphenophyllum sp. pinna cnlarged, Specimen No.
BSIP 26234, x 4. )

I’Glgi(’{'/!\”fml sp. B, Specimen No. BSIP 36238,
x 1.

Pl’iff"’/’/?1‘l’1llf)) sp A, Specimen No. BSIP 36236,
x L.

draucarixylon santalense  (Sah & Jain), Bose &
Maheshwari, transverse section showing growth
rings. Slide No. BSIP 36329-1 x 30.

Pagiop'wllum sp., Specimen No. BSIP 36238, x 2.
Splenopteris sp., Specimen No. BSIP 36?34, x 1.
Cladophlebis sp., Specimen No. BSTP 36233, x 1.
Same. enlarged, x 8.

Pagioplipllum sp. A, Specimen No. BSIP 36230,
x 2.

A. santalense, radial longitudinal section showing
uniseriate contiguous bordered hexagonal pits,
Slide No. BSIP 36329-II1. x 400.

4. santalense, tangential longitudinal section
showing uniseriate xylem rays, Slide No. BSIP
86329-11 :- 100.

4. santalense, R. L. S. SEM photograph showing
single hexagenal radial wall pit, x 1400.

Plate 2

L.
2.

o)

9.

Araucarioxylon pranhitensis n. sp. Transverse section.
Holotype Slide Nc. BSIP 36240-1, x 30.

Same, radial longitudinal section showing uni-
bi-tri seriate contiguous hexagonal wall pits,
Slide No. BSIP 36240-11T, x 100.

Araucarioxylan  sp. radial longitudioral section
showing uniseriate contiguous hexagonzl wall pits,
Slide No. BSIP 36241-I11, x 100.

Tangential longitudional section showing uniseri-
ate xylem rays, Slide No. BSIP 36241-11, x 100.
Radial longitudional section showing cross-field
pits, Slide No. BSIP 3€241-I11, x 400.

A, pranhitensis n. sp., tangential longitudional sec-
tion showing uni-triseriate xylem rays, Slide No.
BSIP 36240-I1, x 100.

Araucarioxylon sp. transverse section, Slide No.
BSIP 37240-11, x 100.

Radial longitudional section showing uniseriate
contiguous bcrdered hexagonal wall pits, Slide
No. BSIP 36241-111, x 400.

A. pranhitensis n. sp., radial longitudionz] section

3]1(1)\(Ming crossfield pits, Slide No. BSIP 36240-111,
% 400,

Plate 3

L.

N

o

Padocarpoxyion rajmahelense (Jain) Bose & Mahesh-
wari, Tangential longitudinal section showing uni-
scriate xylem rays, Slide No, BSIP 36342-11, x 100.
Radial longitudinal scction  showing uniseriate
circular wall pits, Slide No. BSIP 36249111
x 200.
R._a.dial scetion showing biscriate alternatoe
pits, Slide No. BSIP 36242-111, x 400,

Tangential longitudinal  scction showing  tan-
gential wall pits, Slide No. BS1pP 3024211, x 100,

wall

Transverse section, Slide No. BSIP 36242-1,x 100.

6. TRadial longitudinal section showing cross-field
pits, Slide No. BSIP 36242-111, x 400.

7. SEM photograph, uniscriate circular bordercc
racial wall pits, x 1300. '

8. 5.Ii. M. photograph, biseriate opposite radial
wall pits, x 320, x 1000.

Plate 4

1. Podocarpoxylon chondre purensis n. sp., Transeverse
section showing distinct growth rings, Slide No.
BSIP 36244-1, x 30. )

2. Radial longitudinal section showing uniserate
radial wall pits, Slide No. B IP 36744-111, x 200.

3. Puodocarpoxylon krauselii n. sp., Tangential longitu-
dinal section showing Jong uniseriate xylem
rays, Slide No. BSIP 36243-11, x 50.

4. Transverse section, Slide No. BSIP 36243-1, x 3.

5. P. chandrapurensis n. sp., Tangential longitudinal
section showing uniseriate xylem rays, Slide No.
BS1P 36244-11, x 50. )

6. Taxaceoxylon sp. A., Radial longitudinal section
showing spiral thickenings and uniseriate circu-
Jar wall pits, Slide No. BSIP 36246-111, x 400.

7. P. clandrapurense n. sp., Radial longitudinal sec-
tion showing cruss-field pits, Slide No. BSIP
36244-111, x 400.

8. P. krauselii n.sp. Radial lengitudinal section
showing cross-field pits, Slide No. BSIP 36243-
111, x 400.

9. P. chandrapurensis n. sp., Radial longitudinal sec-
tion showing uniseriate circular contiguous wall
pits, Slide No. BSIP-36244-111, x 400.

10. P. krauselii n. sp., Radial longitudinal section

showing uniseriate contiguous radial wall pits,
Slide No. BSIP 36243-111, x 400.

Plate 5

o> B N

D

Taxaceoxylon sannii n. sp.

Transverse section, Slide No. BSIP 36245-1, x 30.
Radial longitudinal section showing spiral thick-
enings, Slide No. BSIP 36245-111, x 100.

Radial longitudinal section showing uniseriate
radial wall pits, Slide No. BSIP 36245-11,x 400.
Tangential longitudinal showing uniseriate short
xylem rays, Slide No. BSIP 36245-11, x 40.
Radial longitudinal section showing spiral thick-
ening and uniseriate wall pits, Slide No. BSIP
36245-111, x 400.

Tangential longitudinal section showing spiral
thickening, Slid No. BSIP 36245-I1, x 400.
Taxaceoxylon sp. A, Radial longitdinal seetion
showing horizontal wall thickenings, Slide No.
BSIP 36246-111, x 100.

Taraceoxylon sp. B, Radial longitudinal section
showing cross-field pits, Slide No. BSIP 36247-
111, x 400.

Gupressinoxylon kotaense n sp., Radial longitdinal
section showing cross-field pits, Slide No. BS1P
36248-111, x 400,

Plate 6

1.

A

Y

Layaccoxylon sp, A, 'Transverse section, Slide No.
BSLP 362:46-1, x 30.

LFangential longitudional section showing xylem
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rays, Slide No. BSIP 36246-T1, x 100.

Taxaceoxylor sp. B, Radial longitudinal section
showing uni-biscriate radial wall pits and spiral
thickenings, Slide no. BSIP 36247-111, x 400.
Taxaceoxylon sp. A, Radial longitudinal scction
showing uniscriate wall pits and spiral thicken-
ings, Slide no. BSIP 36246-111, x 400.
Tavaceoxylon sp. B, Radial longituditinal section
showing uniseriate wall pits and spiral thicken-
ings, Shide no. BSIP 36247-111, x 400.
Taxaccoxylon sp. B, Tangential longitudinal sec-
tion showing uniseriate short xylem rays, Slide

8.

10.

no. BSIP 36247-11, x 190. o
Cupressinoxylon kotaense n. sp., Radial longitudi-
nal section showing crassulae on radial walls.
Slide no. 36248-111, x 400.

Transverse section, Slide no. BSIP 36248-1,
x 100.

Tangential longitudinal section showing uniseri-
ate narrow xylem rays, Slide no. BSIP 36248-11,
x 400.

Radial longitudinal section showing uniseriate
radial wall pits and crassuale, Slide no. BSIP
36248-111,x 400.
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