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[N THRODILCTION

HE woxpossd Mesewoic sediments in
T ihe Jnisalmer basin are mostly of

post-Trigssic nge and  have  boen
classfied ipto  Lachi, Jaisulmer, Baksakhi,
Bedesar, Pariwar and Abur formations.
According 1o Des Gupta {1974} They rnge
in age from Lasac o Apfign ui af
thede formations, until recently, plant fossils
ipetrificd  woodsy wers known e oceur
only in the Lathi Formatien. Das Gupta
et al, For the first time discoversd plant
impressions from the Paciwar Formation
in 1975,  Later a part of thiz collection
wis deseribed in detall by Maheshwari and
Stogh (19761, During  our  recenl  [Hips

(19T and F979) bo Jabsalmer we hiave also
collected  plant remains from  the same
locality., Besides, weo hove collocted fosse!
wood pieces rom Lathl, Baismkhi, Hedosar
and Pariwar formations, The wood pisces
are rather badly presorved so in the preseat
paper only the plast improssions have bean
discribed.

. The Z rq,ﬂuci_ﬂl'n_r:lu_u |:h:u'.|.I th'rng lami
impressions, i situated approvimately | km
st of Habur ¥illope (277107 707337

which is about 60 km from lyisabmer, The
pposures are s=en plong the eastern Mringe
of ot waler reservoic [ Seraliva koo jedur ™
— exeept for the rainy scasen. lying dry
throughaut the sear) The succession at
This place Crom bottom To top is ax follows:
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RESCRIPTION

Gleichenia sp.
P, fes 560 Text-fig, 10-0

1976 Wilelchenites spo . Maheshwan & Singh,
p. 116, pb. 1, fg. 2.

A detached fragmentary pinna of 76 ed-
ehenires ap. was desoribed by Maheshwori
and Sipgh (1976}, The present collection
includes o few detached pinnae with both
sterile and fertile pinpules,

Lrexeripiion — Pinnag 04-1.1 cm long snd
0.2-10.3 cmowide,  Panna rachis 005 mm wids,
strepted or with a medinn ridge. Pinnuls
alernate, attached at 40°-457, delioid in
shiwpe, rarely somewhal falcate, [-1.5 mm
long nnd 0.5-1.5 mm broad at base, Pargin
entirs, slightly revolute) apex abiuse, scro-
seopic margin stmight; basiscopic margin
slightly decurrent, towching acroscopic
margin of the pinnule lying below. Sub-
plance of lwmina thick. Yeins obscura,

only in some mid=vein visible, sccondanes
nut prosurved.  Fortile pinnule with a single
gorue plpcad near upper margin buf eloser
fobase.  Soros circular of oval with a contral
oval or circular depression. The number
of spordngia oot discernible.
Coffretion — Mos, 2172095 and 2E/2095
ol the Birbal Sahni Institute of Palapo-
botany Muoseum, Luckiew.
Cemparisan — The feridle  pinnules  of
Clefchenda sp, are more hke the fertile
pinaules of . gpleichennider (Oldbam &
Muorris) Bose & Sah (1965, pl. 4, g, 26).
In bhoth the species the shape of pinpules
is more of less similar ond each pinnule
has nosingle soros which s placed closer o
the upper margin. & glelchenaides has 13-
15 sporangia. In the present spacimens
gporangin are not presarved,  Ino G bosoiri
Pant & Scivastava (1977}, too, ench fertile
pinnule his o single sorus which is pliced
noar hawe 0 his differs in  having
elosely sat pinnules which hove more obluse
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apices. o {7, veusensds Kimurn & Kinsha
(1978) the sterile pinpules ore more hike
the pinnoles of the present species but The
pinaules in the former specics have acumi-
nate apes.

Pachypleris  haburensls n. sp.
PL 1, figs 10, T2 Textflgs 1A-A, 2A-C

PETY Ompehlopels ap. < €L prifoedder
(Slokes & Webb) Ward: Mathor,
P 488, fg. 19,
1975 Cladeplilebis sp. (Vh; Das Gupla of aof,,
p. 236, fig. 3.
1976 Frond Type-T: Mahgshwari & Singh,
g 117, pl L, fig 8.
Diaghosis — Frond  bipinnate. shape as
i whole broadly lanceolaie, up o 13 cm
long and 7 em wide, Main rachis 2-5 mm
wide, with fuint longitudinal strintions, o
times. with & promionent medin  rdge.
Pinnss clossly s, plternate, rarely near
anex sub-opposite, toucking each other or
al places even overlgpping, arisingat 30°-35"
Pinna rachis 0,5 mm wide, extremely delicate
and slightly raised. Pinnulks abzing near
base af 25°-307, near apss w1537
crowded, towching each other or overlapping
pdjacent pinnukes, lanceclate, apical pinnules

sometimes  pinnatifid, -4 mm Jopg  wod
aboul | omm broad, basal pinnules 557 mm
long, 1-1.5 mm broad, apes acole-subacste;
Margm  entire; Aoroscopic  mbrgin  eons
tricted or slightly decurreat; baslseopic
margn decurrent, docurrent  hase of the
lowermost pinnule runnipg almost parallel
to main rachis and touching the basiscopio
margin of the pinnule belonging o pinnag
lying below, Weins obscure, only at places
prancrpal vein visshle, secondary veins fow,
rarely preserveld. making marrow angle with
the primary vein.

Holptppe — Speciman no, 1821 ol the

Birbal Sahni  Ipstitute of Palasoboiany
Museum, Luckpow,
Locality — | km tast of Habur 'L"i”.igc-

Horizon & Age— Pariwar Formapon;
TWpper Jurassic-Lowar Crefacepis,

Comparison — Al Habur Pachypteris s
Ferisiy 06 Lhe commoncst specics, - Azsociated
with these leaves guite a [ew branched
spepcimens [Tent-fg 3F) have baen collsoted.
Thay seem (o be the Masal paris of main
rachis of large fronds (probably of P
{r:.-,-'rurmm-‘.n. The braipches are 4-648 cin
ong.

The smuller fromds of 82 fofarensdy
resemble  Seferapreriy coasse Halle (1913,
pl, 4. fig. du) described from Graham Land.

AqBy
ap. BEL IR e 0 UHES anc: 2E200S < 3,

Text-rau. |

Facdppiee by froduremwsin o age, BSDP, o, 122001, 2003000, < 05 ©-Lb, ffededevi
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Text-rin. 2 — A, F'r-l.l'llu'HIh'rl'n Furlyeremal n 171 B.5.1 P mas, J 20010, ©

The Graham Land specimens have smiller
pinnae and pinnules, also (he pinpze are
sfiphtly more distuntly plicsd, o gencral
hubkit of fronds P, Aabyrcnsiy resembles
K. porelil Saporia {1873, pl, 46, fig. 12 pl47,
fig. 1. P habwrensis difflers n having
pinnatifid apical pinnoles. The basal pin-
nules of P, baburenids are like the smaller
pinnules of Pachypleris infica (Oldhom &
Morris) Bose & Roy (1968} [n the laticr
species pinnae are much more distantly
placed and the mapority of pinmales s

242011 and HEAREL, = L

bigger In size, P Jeldendl Bose & Roy
[196K] iy based on a detached pinna with
well-preserved cutithe, The pinnules of this
spocios jyre biggor in sizo than these of P
kaburensis. P lakcealars Brongninr dess
cribed hy Huorris (1964) from Yorkshire has
larper and broader pinnubes. However, L
small leal, figured by Haores (19464, lig. 35c),
somewhnt  resembles the apical parl ql‘
leaves of Po habweensly, The lormer apeci-
men hui distantly placed pinnoe and broader
pinmiles
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Faclvpieriy sp,
PLo0, Mg 0 Tau-lig 3F

Deseription — Detpched.  pinng, 65 L8
cm; rachls prominent, wbout 1omin wide,
showing a median ndge.  Pinpules alternats
ot subspposite, wrisiag ot 252107, lanceolate,
1=1 .6 cm Jong, 0.2 ¢m brond; margin entire;
ppex  acine, rarcly sub-acute; nerostopic
margin gredually curving down; Basiscopic
murgin distnctly decarrent.  Inosome, mid-
vein faintly marked, scoomlary weins nol
winible.

Tt #
E. Pacfrpgneds spe, BS LR min 372000,

Colfection — Na. 520011 of the Birhal
Sahmi Institwle of Polssobolony  Muoseam,
Lucknow,

Comparivm — Thie - specimen resembles
both  Pachyprerie fiekdenil - Bode & R

(1968, pl, I, fig. 1) and &, deebioe {Ofdhgm
Morric} Bose & Row (1968, pl. I, fig. 13)
However, the pinnules of the prosent spedi=
men are more like the omer o P ol
Since cuticular dotails gre not available so
the specimen has oot Beon reforred o any
ol Pl species,

Al e i TLSLL TP, pow. 80248, !:I_-H!‘-F-'l.-lﬁ TS wndd AT AT AR 30D
I Fo Bagal porkon (79 rachis, BESA Bo. 193000, L.
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Text-Fii., 4

A s B WS EP pe, 2502000, 2

"Toewiopteris habirensis Bose & Banerj

Memurky — The new collections  includs
a farge numbor of leived of Toeniepteris
bpbprenyis. At Habur, after  Padhpierls
h-ﬂ'-’l-lﬂ'i'm."l."t]h:}- tire meXl m abundance.  The
larpest specimen so far collected menspres
23,5 cm in keopth and 2.4 cm in breadeh,
The specimien 15 intomplete both ot base
and apex. 11 seems Thot the Rngth must
have pxcegded more than 25 ¢m. The
largeat  specimon of  Muaheshwon  and
Singh (19768 il not exeesd 14 cm in
lengih.

*Thes species was ariginnlly descaribed by ws as
Torwdipreris Tiifery I-Id'nltp,rkllrl, whisch wis expeciod
bor huve beeen Pu]ﬂ-rl'u‘:d i THED,  However, dise 1o
urmviidable crcgmetanegs the publicotion ol this

wot defaved, b Ghe meztiiime Hode & Baerji
1TRAT) paslgned our apecimens of T Wret to o mew
speelens Faendigrheris furtweresrsly andd referred  them
umder ke aynonymy ol this mew specics

Ay drdovariies sp. el A cwtcbeosds Feiimeinddl RSP, fo, F5/00E, = I3
ap. WS LE o, 02001, 20 O Fremiomhordr spaivdoty MeChiliond, B LF. ne, 252011,
E. Pugromiiiver sp, A&, B LP me, ET20F 0= L

1L, (oimkpa
1t I, Pagioe

Taeniapteric spetidnta MeClelland
P, g 4 Teishg dC

Thiz specics hos: already besn deseribed
by Mahsshwari and Siogh (1976}, In addi-
i Lo pew specimens from. The main fossili-
ferous bed (P we have also collected a
specimen from the ferruginous shale partings
from  the underlying bed (). The dos-
cription of the spevimen s given babow.,

Beseription — Leof fragmentary, simple,
nariow, drap=shoped, 405 omi TRIEn
entire, base and apes oot preserved . Wid-
vein prominent, abouwt 05 mm wide, lateral
wains arising almost ot dght gngle, simple
or forked.

Colfretian — Na., 28211 af the Birkal
Sahnl Institute of Paligabntany Mussum,
Lucknow,

Conparizeon —In  geperal  shope  zod
semation  pattern  the presénl  specimen
rasemm bles miost the specimen of T awenelata
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deseribed by Mabeshwan & Singh (1978,
pl. X, figs 13 rest=hg. 3) Tt may also be
compitred will the spectmens of T, .fl;ﬂm!'drir
figured by Felstmiontel (1EH, pl 1, Bes 8 %)
from  Vemavuram. In the Vemawiram
wpecimens  tho secondary wesns  bifurcate
just afrer gmergence.  Here the secondory
velns are mostly ot woll-proserved near
the point of emergence, 56 their exact nalung
i not chear,

{rimk mn &L

P A, fg 1 Terlgs TA-D, 48

Deseription— Leal  polilate, masimum
available leomih of pedole 0% cm, fnely
siriated.  Lamine a3 o whele obcuncato,
deeply divided o sepmonts,  Ceatral divi-
wicen repching almosd up 1o apical part of
poliphe  Seginenis simple or borked, wheo
forked sepment dividing once, more than
% in number. Unforced seaments sonme-
whal lincgolnto 1o shape, with obiusg apicss.
Merr base weins about 33 per segnient,
higher op dus to forkmg spprotmaisly
46, puratlel

Caffeetion — Nos. 3171005, 50720935, 46)
2043 nnd 2772095 of the Birbal Sahni Tnsti
fute of Palacobosany Muscum, Lucknow.

Compharedton — Gilukgo sp. resembles miosd
the smallsr leawes of Ginkpe sp. of, siwica
Heer described by Harris and  Millington
(in  Haorris, Mellington £ Miler 1974,
fext-ig. SE. F) from Perad Podni, Yorks
shire. . (mkge sp., however, differs in
having lobes whech fire much closely st or
even overlnpping @1 plices. &, rafmehos
Tensin (5al & Jan) Zeba-Bano er af, (1979)
hus mostly brogder lobss and they dre nol
so desply dissected. Das Gupty er of,
(19751 had deerdbed 4 specimen as o=
mppitecdy e 10 B oguite likely thot s
spectmen th same o8 Gfekgae ap, described
here. The specimen séems o be mere
complete than the ones presest inour
collvetion,

Efgravfadion fewerrima (Feistmonteld Sabnd
Pl 1, fig. 9
1076 TEferoednadut &p.: Maheshwari & Singh,
mo 121, pl. 2, figs 16a, 17,

Aniongst the several specimens of Eldle-
Clnchey corferte (Okihom & Morris) Halls

collected from Habur ope specimen proved
o be E pemerrima {Foistmantel) Sahni
(Fl. 1. B Th The specimen is rtother
fragmentary and it omiches exncily the
specimiens of E. femeeripa carlice deieribed

by Sahmi (1928, pb 1, figs 10-12) mpd
EI'. gﬁr:lhwﬂmﬂs Maheshwari & Eumaran
i ;

escriprion — Leafy twig, 22 em long
wnd 0.9 cm broad ; keaves biserintely arranged,
linear, raraty slightly faleate, ® mm in length
ad 6§ mm in width, margin entire, apex
rounded: acroscopic margin consiricied ;
basiscopic  margin markedly  decurrent.
Midwein cleurly marked.

Coifectfon — No, 33/H0%5 of the Birbal
Suhni Institute of Palacobotany Muscum,
Lucknow,

Pagiophyllum sp. A
Pl 1, fige 12; Texi-flg. 4E

Begeriprion — Shoot aboul 54 ¢m long.
with spirally arranged leaves, lenves gt base
more. divergent than nr:'::ul: leaves, Basal
leaves. patrower and longer than apical
leaves, about 4 mm long and 2 mm broad;
apical lepves triangulsr, ahout 3 mm long
and 2 mm broad, Apes acuic, margin
Eniire.

Colfection — Now 17/2011 of the Birbal
Sahnl Insttute of Palasobotany Muscum,
Luckoow.

Comparison — The apicol leaves pre somes
what like Pagiophiyllen bamirensis Boss &
Sukli-Dev (1972 pl. 3, fig, 10§ and the upical
lenviss of P marworeneis Bove & Sukh-Tiey
(1872, pl. 1, fig. 3). Pagiophyilum sp. A
also resembles, to some extent, some of
the Uwigs of . conmiveny Kepdall {1948) in
penemm] shape of lsaves.

Poagiophylfum ap. 0
P 0, fgs 0, 35 Tea-fig. €0

Deseripifon — Unbranched  leafy  twim,
approdimately 2 em long.  Lenves crowded,
spirally arranged, diverging, 2-3 mm long
wnd 0.5 mm broad, faleats, lower surface
keeled ; morgin entice; apex acute: buse
decorrent. concenled by leaves below,

Collectlon — No, 2572011 of the Birbal
Sahm Instiiute of Palacoholany Muscum,
Lucknow,
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Cripmpariswy - The  specimen  descoribed
ahove wis colleeted [rom the ferrupginous
shike pariings of the bed [Py} which is aver-
lain by the main fosdliferous plant bed { P,
Pagrapivifum sp. deseribed by Aahezhwir
aid Singdh (197G, pl. I, fig. 16b) from Hicbar
mid bR with the provedt spocimmn. Li gemeril
Form of leaves Pawilnphiv e sp. B resembles
P orewaensls Bose & Sukh-Dey (1972, pl. 1,
lg. By Howawer, the prosent specimen s
amaller leaves. In leal’ sise Fagsopdipfliess
ap. B s moge ke & mwrworensfy Bosw &

whh Doy (1972 but the letter hos more

hrodider and divergenl leaves  Pagfopiinliine
ap. B wlss mosembles ane of the shoos ol
Efatockiduy heteroplefla Halle (1911, r!- B,
fig. 200, Mowever, £ heterophyila differs
in hoving miore spredding Peves,

Arcuearirey sp, of A, ovrchwris Foistmanos|
B L il 35 Tesi-fig. 44

Deweription — Dhetached ssed-scabs, both
base aod apex missing, approximoaiely 1,1
©em !'-"“E and 1.4 em broad al brogdeat rl:.l_ﬂn:l'l.
el ahovite, (0T em long and 0.5 em Beoad,
showing a prominenl mechan ridge

Collecting— Mo, 152011 of the Birbal
Sahni Tnstitute of Palaeobotany Musoum,
Lucknow,

Ciwiparison — The specimen §s too frig-
mgntary and bigger in wire thon  Arens
cariles winginy Bose & Muoheshward {1973,
In gengral shape and seee it I8 more like
A, ewhelensly Feistmaniel deséribed by Bose
& Mabashwari (1973, pl. 1, figs 3, 45 teal-ig
1Cy,  But e the nbseree of base and apsx
it ds diifieull 1o assen the preseal spetimen
to any of the knowna ugh]t'il:m with ﬁ'l‘l‘lih[}'.

Condforocalon. rafmimhelepse Gupld
PL 1. fg. 14

Deveripiion — The  vollection  ipolade
thrie specimens resembling  Conifiracadon
rapmafulnse Guptn (1934), They are 3.3
em b 1w i width and aee chirocterizsd
by narrow transverse prooves.  Within the
proovés [ensa-stuiped prolubarances ure pre-
sonl, Thisse tangs inosige vom 43 mm
fesigth and 1-L.5 s b brendih

Collortion — Mo, 1ITHIT of the Birhal
Sahmi Ingtitute of Pulicobotany  Museum,
Locknow,

Cewnpigrtsee — The  genus Conifiro-
il was ,ll:”'-!"""lllﬂ.'-' describoed from Tndia
by Bancroft (1913), Sahni (1931), Gupa
{1954), Bose (1959), and Boss e of (1979},
Amongst these, the prosent spechmens re-
semble most the speciman described by
Baise wf ald, {190} Fegmn Gardeshwir, =

Sercives Tvpe A
B 1, fig A

Beweription — A small " Aower © like
arpan, gbout 1,1 ¢m long and 09 cm browd
it bromdest ragion, more or less isvertad
bell-shapel,  Bracls spically arranged: 1.1
em oan longrh and =15 mm in width, ncer
aped beacts slightly spreading and curving
downwards; nmrgin entire.

Colleciion — Mo, 35/2005 of the Birbal
Subpi Institue of Palsecobobiny  Musoum,
Lucknow,

Remigrks — The spicimieén s rather small
lnllf:_in:. I oeerilel e nosmall Benmettitnbean
" Rower ™,

DHSCUSSION

From the Pariwnr Formation, exposed
near Habur, Mahoshward and Singh (1078)
e described Toieioheriies sp, Fhiihup.lerr'.'.'
spg Frond  Type-l, Taemopioels  wimaha
Brangniart, T. oeweleervly Fristmaniel, T
vpainiare MeClelkand,  Presoph pflum o
Chtozdaneites  Sebricefey  Felstmpntel, Fr"ffn-
Mreelfoey  acitifoliion. Morris,  Elpocladiis
corferty (Oldham & Morrisy Halle, 7Ehrs-
eloder sp. and  Papepinffose sp. Exoepl
(hozandtes  mbeleates and  Prilephy N
acrtffolfion the present collection includes
all these species.  Tnoaddition, it his Sk
Mrevix sp., Ginkgo sp., Elatocladus tenerrima
(Feistmantel) Sahnl, Paogiophilliog sp. A,
Arpucearites sp. of, A culeheisle Pelstmiantil
ad  Coniferacuntin  rafudicienne Guapia,

The mema-plant ossemblage ot Habuar
is dominpted by The preseacs of Pocleopter
heaheeensiv no osp. The next in abundance
are Tocnfopioels haburensiz Bose & Baqerji,
Efatocladuy conferta TORIhem &  Mommis)
Hallg and Frerophffase sp. rospectively, The
spocies  bolonging o Poglaniifum 5 ox-
tramedy rane ond %o (or the senus Beaoliy-
wlevffemin Fas ot heen fowmd a2 Habuor.
ihe m-:gn—rlunl assemblage at Habur really
dises pot 1 in the sub-rone Pagioph)lem-
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Bracheptpifom of Sah, Singh ond Sasiey
(1971, table I} =5 wis sogmested by
Muheshwars and Singh [1976), The as
semblage i mare ks the one known Ttom
Kakadbhit in Kashehh,  Ad Bokadbhit the
flors his a leir representition of Pachrarers,
Toewiopteriy (T, habuyrenvisi amd @ ozmmizes.

ahur assemblage differs in hgving
Celichenyy which s more common in the
Lower Crgtaceous though it is wiso bnown
from the Upper Jurassic.  So far the genus
Lleichemie has not been Tound anywhere
in Kachchh  In the presence of Gleckenin
ard in having Pochypterds, Taowingteris ipetie
fata and Prifopheflum the assemblage From
Parsipani, Satpore basim s somewhat like
the ome met with wt Habur. However,
at Habur T, apandaia’ and  Prlophycll

are  enTtie, whensas, hoth thess are quate
comman gt Parsapani.  Because of tho
presence of Glediplenta It b8 Hkely that the
losstliferois  bed exposed pnear Haobuor s
somewhatl vounzer in age Lthan the Fossil-
lerows plant biaring beds of Kachehh,
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TWO NEW FOSSIL WOODS OF SAPINDATCEAE FROM THE
TERTIARY OF INDIA

M.oOSWASTHL |, 5 GULERIA & K. & LAKRHANPAL
Hirbal Jahn Institie ol Palssobotany, 30 Umversiy osd, Lockeosw 720 007, Infia
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INTRODCTIONN

HE family Sapindiceas 18 known
froom the Tertiary of Tmdin By three
specits of petrified woods. 'qu of

them are diegeribed from the Deccun Tater-
trappean beds of Ceniral Tndin, vir., Sapin-
doxyion selhfefcherofder Dayal (1963) and
& eflindwarensie Chitaley & Shallom [ 1969},
and the thied, Pomeraxefon. omenrowm,
|:i deseribed by Prakosh and Trpathi ¢ F970
[rom the Tipem Seces mear Moitakasdi,
Assum.  There i one more record known
a5 Sapindoxylen indivim Navile  (1957)
from the Coddalore Series negr Pondi-
cherry, bul it has recently been found 1o
be o wood ol ebosgs of tho lamily
Bonneratincane and consequently  renmired
as gexylon  fndicnm by Awasthi
(1981},

In the present study of petrified woods
fram 4i) the hase of Kankawati Scrics
of Mothala and Dheneti in Kachehh, and

(i1 the Cudidalore Serics pear Pondicherry,
wi have been able (o recopnide Iwo more
types of sapindacepus wooudd, one showing
closest resemblance with thne of  Saplovin
iwnd the other with that of Selleichirg. The
former hut basn found bolth in Eachehh
and Pondicherry while the latter in Kachchh
alone; They are described here in detnil,
The Tossils were compared with the living
woods at the Xylarium of the Forest
Reosearch Instituie, Dehradun, for which
v mre thonkfol o (he suthoridies of the
Institute for all facilities received,

DESCRIFTION
Genms - Fuplisdos o gen, mov,

I Exphorioxylon imdiowm sp. nov.
.0, ks 04

This specics bs represanted by five smaoll
plzces, one from the Coddalore Serizs near
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Pondicherrs and fpor fram the Kabkawati

Series of Kachchh, Thay show fairly good
preservation,

Topagramiy .H"r.-r:u.rl'dirT|:5-.|;T¢rnu5. Cirawih
rFlrgy not seen,  Feoefe amall 1o madiam,
solitwry or  foradisl moldples of 2-5 (PL
1. ﬂg'l By ni:ru|_'.' up o 10-£2, d'-'l:'rl.l-?'

distributed, 9- 14 per sg mm; tvlowes absent ;
vessels sometimes filled with dark contenis.
FParencliveg paratracheal, sparse, limited to
few cells, formipog af the most an imcomplete
or nwreow showth rownd the vessels (P 1.
H-g.. bl 8 Rn:.'n' um:!:-nrj.n.ul rn.n:l'- higarinte
mainly due 1o puiring of cells IthuEh he
median !Pﬁunun (Pl 1, fig 3k 1224 pm
wide, -850 cells or 720 um high 4.&15,&:,
placed (FL 1, figs 2. 3), [2-1% per mm in
gross  aoction, my  tssue  homopenesous;
miys homocelkilar, cnnmﬁ-rmg of - procum-
bent cells anly (PL 1, fas 3, 4).  Fibres
aligned  in rdial rows hetween the two
eonsecutive ravs (P 1, fig. 2

Elements — Fessels wircular to oval in
cross section (P 1, fige 20 td, S0-1440 um,
T, BO-IED um, thick-walled, common wall
820 um in thickness: vessel mombers [20-
B0 wm in length with troncated ends; =
lorations simple; intervessel pits amull,
alieroaie, bordersd, wboul 45 pym in G-
meter,  Porenchven colle round to oval
in cross eection, t.d, 232 um, Ray cells
round to oval m shape (PL 1, fig. 35 10-20
m In tnngentinl heght, 20-160 wm in radial
ength, infiliration dark.  Fives round Lo
oval in cross section, 12-20 pm in dinmeter,
thick-walled, wall nbout 3-6 um, nonseptots
b rarely séptide.

AFTINITIES

Copripardlion with  the  miodern woody —
The important featurss ol the presant fossil
are (i) vessels small to medium. (i) paren-
chvma scantv paratracheal, (n1] svlem roys
umiseriate to rarely Biserizte dues to pairsd
calls, homocethlor, and {ivy fibres thick-
willed, nonsepiate to  farely  soplate,
Among  varoos  diesiyledonous  Tamilies,
the members of Sapindiceas and Sonne-
rtiaceas [Moetealfo Chalk, 19500 exhibit
the aghova imporant characters.

Tha Eonus Spnnecatio L. ol the [mily
Em&ﬂﬂnl!u.-l.'a..:n_ ahawi \lm:lq.rl.l-.' with rthe
fossil in gross fetures  However, The pres
sence of tyloses, westured intervessel pirs
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and the absapce of parenchyme differen-
timfes ib from the fossi]

The Indinn sopindacéous woods  have
broudly been  clatsified inlo fwo  groups
(Anonymous, 1962 p. 2120 on the basis
of the pature amd distribotion of  paren-
chymn as given below:

Group | Ppeenchymn  {apart  from thad
defimiting prowih rings) whun-
dant, distinctly visible o the
eve and prodominantly handesd,
oo, Aol Erdiglosiom, .|'r;.l|=-
pnthey,  Pavaephelieen amd
Sarpiviele.

Porenchyma  (apart from (hat
delimiting  growth  rings)  pot
abundant, indistinet o eve,
usially  scanty, vascmtcic W
aliform, g, -Arvhors; l:l|':l|'.l'|'1r:n:'.|:|'I
Filfetum, Haerilia, Miveho=
carpuy,  Neplelinne®,  Posetld,
Sellefehera and Xerospersimn,

Since Ihe parenchyma in the  present
fossil is scanty parntrachenl, i shoold be
compared with the genesa ineluded in f_.:mup
1. After examining the available  thin
sections as well 3% the published dewriptions
nnd figures' of the pbove gepard, 1 wos
lownd  that e Tosudl Shows closes] e
somblanee wth  the woods of f','ulphpnlu
Comm. ex,  Juss, |1.1.r1|...|.|||:|1']:,- ithat of E
forgena Lamk (Sym. Nephedione Towang
Camb.), The other woods of this grouwp
although quite similar to the f(ossil, differ
in @ few importint characters

I drvtera, Filiciom, Pometia, Selifelchera
and Xesospermum plobrotim (Wall) Radik
the prowih rings are distinel, whersas in
this present fossl they are net seen. Mivcho-
r{:IEJI!-LI and Arers nlsy differ in hoving
diffnse  parenchyma while Pometl diffars
in having bigper vassels and apotrecheonl
mairanchyma lines.  Similady, Chomgpdeliom
cin be differentipted from e preaent Tossil
in having mna.tr_',' medium  sized  wedsls
The parsochyma in Havpulfie & predomb-
pantly ~aliform  te aliform-confloant, and
in Dodonca it varios rom scanty paratr-
cheal o aliform or loclly conllugnl. The
fatter further differs in the Ffrequency of
vassols which mre 10-33 por g mm as
comparod to W14 in tho present  Tossil,
Filicien alsa dilfers In having  ereater

Crroup 1.

L S [TS1 EEa
ERrowele N mi

iy Comen g LEOR Somner, wimil
adtk (A mrymoss, 196, p. 2243
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number of vissels, e 12-3 per sg o mm,
gl (mn African pemos) und Yeravporsian
firrugineinn can dlso be differentmted from
thee present Fossil in having  comparativedy
Tesser pumber of vessols Similarly Neplie-
e mclusive  Liredd) alse shows  Close
similariy with eur Fossil, Howeser, the
species  of  Meplollvm  having  aliform {0
confuent porenchynu and relativaly bigper
vessels can be  distinguished cusily from
the present fosgil,

Compariient with the ozl spevies — From
oitSide Todin wlso the family Sapindoosas
fn knows by 4 lange aumber of woods, viz.,
Frogeia yapigooldes Upger (1BS500 from the
Tortiney of Hungary, Selomfedeliopeiy =irkeli
Felix (1882) feam the Tertinry of Jdneileer,
Seplndoxwlop foivand] Krtusel {1922) from
the  Miocene of Sumatra,  Sammdopsoyelsn
kltecimpd Pleiffer & Hewren (1928, o ses
Edwards, 1931 from the Teetiney of Java,
Srphuddaxon atromerd Bormueel (P90)Y from
the Lower Olgocens of Eivpt, S afine
gretense Bchénfeld (1947) from the Tertmry
of Columbin, 5. pleiburase Boureau (19509
feom he MNeogene of Indochipn (South
Annan), Saepirdesyfon sp. Hedlmann (1953
from 1hae ﬂliguﬂﬂuﬁu ol Prambachkirchen
[ Anstrind, Sepdado eyl Tamesod Mussa {1959)
from the Neéogene or Quaternary of Brasil,
S edatroctech verdilely Ciriom hast=-Fassard {19655
from the Miscens of souib-enst Frunce,
& afmelal Koeniguer { 19671 [rom (he Miocene
of Ry de Oro, West Alrrca, 8, (1) lapparensi
Koeniguer (1968} from the Mio-Phocens
of Tchad, Alrica ond 5, mbaerse Kosnigoer
{1973} from the Eocene of Senegal. Among
the fowsil woods of Sapindocese described
from India, enly Sepimdoxylen schieiche-
rotidey. shows gross simiflarity with our fossil,
However, o coreful sxaminsiion shows thot
thoy didfis from sach olher in the nabies
and widith of xvlem mys  In Sepiredoxifon
getieichernidys, the reyd pre 1-3 serimte-and
weakly hetorogeneous, whife in the present
fosail thay ans -2 seriate ans homocel Ll

Prvnetiog ylon forecnfonen needs oo oom-
patiesn since it belongs to the prhugs
Pogrretle which s guite dilTerent feom Eupharia
especially in having -3 seriate. hoterecel-
::ﬂfr tays and apotracheal parenchyma
InmeEs,

Sorimdex vlon elffindocrenae s nlse guiia
difforent tn hoving dylem rave 29 calls high,
comsiating of eract (upaght) calls oaly.  But
in our fossil the s are @600 colls bigh

and composed of progumbent cells only,
It i important ty point oul hers that the
affimities of Sapimdanfan chivdiarente with
the woods of Sapindecese are  doubiful
siffce i possessed such feafuns whicl are
not  characienstic  of  Saopindoceie.  The
sylem rays in Ehis lossil are uniseriace, 2-%
celli high and composed wholly of upright
{ereed) cells, and the fbres are short, thin-
walled with wile lumen. as seen in the ten-
enfial  Jongitudingl  secdon  (Chifaley, &
mllom, 1968, p. 39, fig. 2),  On the other
haind, in Sspindaceous woods the homo-
cellular rovd are glways composed wholly
ol procumbent cells but not of upright cells
the [bres pre long, moderately ihick

io (hick-walled with noreew . lumen.
the [dreign species, Sopindosilon
almielal, 5, antfoguiense, 5. fomegol, 507
fappaecrtl, S, orbderse and S, seeovnerd vhow
g similarity with our loasil.  However,
they differ in ane or mors  Important
characters. 8. (TWapparent, 5. mboerre,
5. stromert, N, antiogiiense and 5. lamppod
differ from the present ossil in the fre-
gquency of vesssls, 1o the first throe speiches
the Freguency of vesacls per 84 mm varics
from 13-50 a3 cospared o the presant
fossil in which they are 9-14. The lust

bwa species can oalse be dilferonitisted o

hiwing lesser number of vessels, ie. 4-7
per Qi &, Ofrawmers and N aWliogriieise
Tarther differ In having shorter cays (1-10
cells in haight) as pgamst up o 50 colls in
thi present foxssl wrther, 1 5 eibacree
and 5 lomesol the xyvlem rayvs are homo-
to weakly heterocgllular,  The latter further
differs in the presence of diffuse paren-
chymi.  In 5 afewdel the vessels are e
lativaly more frequent (11-20 par sg mm),
bigger in wize (80240 wm) and the mye are
ahorter (2-200 cells highl

From the above comparison with the
fiving and fossil speciss it e evident that
the presenl Tossil wood 18 vely simolar (o
that of Esphoris and is quite dilferent from
all the known spegies of Sapfudoxyfor,
Hence, it is placed under o new genus Suplio-
rioxcyfon.  This penos copresents the fossil
woods resembling Euphoriy a5 well as those
spacics of Nepheliienr {inclusive {irehd) which
wre amntomically simikar to Euphoris fangans,
Specifically, it i being named ws Enplorfoe-
widar drelicinr ap. nov,

The gpenus  Fephorfo consisis ol ahout
15 species (Samlapau & Henry, 1973, p. 66)
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of shrabs anmd trees, distributed  Trom
Burms (o Indoching and westorn Masbivyvsia,
In India it s fepredented by g stnple species,
viz., Eupkoria longong Lamk (3yn. Mephe-
fisem fompara) with which the present Tossil
resembles maost. 1 is Tound throoghout
the Western Ghats from the Konkan south-
wards extending 10 56 Lanka up 1o 900 m.
In morth-zast Indio, it is Fl:l-l.md im the hills

of Assam. 1t pleo occurs in South Chang,
Burma and  Malayn  (Anonymous, 1967,
P 2329).

CEsERIC [hagmoss
Enpharivyifon gen. nov.

Eeroith  Fimgs
wmpll o
iples of
per-

W — Diffuse-porous.
indistinet or absant.  Feesely
medium, solitary or in radial muol
25 or more, unilormly distribuated;
Forations. simple; intérvessel pis small,
alternate, bordered; tyloses sbaent,  Paren-
chyma sennty parpirpchenl to vasicening,
forming at the most an incomplsie or nprrow
sheath round the vesels, Rair fine, uni-
semate, rarely biseriate mainly due 1o pairing
of procumbent cells through the median
portion, ussally up to 60 cells or 7H pm
high; ray fissue homogeneous; ravs homao-
cellular, consistin anrnmmh:m celle:
Fibres thick-walled, nonseptate fo sepiate,

Genotype — Euphorioxvlon  indicwm  pen.
nov.

Sreciric Diadsoss

Eupherioxylon imdicum sp. nowv.,

Waod — Difuse-porous.  Growsh  rlngs
pot seen. Feweels small o mediom, t.d
S-140 pm, rod, 60-150 2m, solitary or in
radial multiples of 2-5, rarely up to 1012,
Q-4 per sq mm; infervessel pits simpls,
nearly  horidental o obliges, alterndis,
bordered;  ivleses  absenl.  Porewch e
parateacheal, sparse; limited 1o o few calls,
lorming at the most an incomplels ar marrow
sheath round the vesspls. Ravs prodo-
minantly uniseriate, rarely biscriate due
i mmllL pairing of procumbont  cells
through the median portion, 4-60 cells or
G-TH) pm hogh, homocsllular, eondisting
ol umbent cells only.  Fibrer  thicks
willed, ponseptate 1o seplate
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Holorype — BSLI. Mussum  Specimen
o, 35354,

Loealities bl wrmit e dl b b v Al
Pondicherty: Mothaln, ghout &6 km 5W
of Bhol, on the Bhuj-Nillya Road @nd
Dhaneti, about 24 ki east ol Bhuj, o6 the
Bhyj Bhachay Hoad, disirier Kachehh,
il

Moarizon o Age Cuddnlore Eul'l'ns.l M-
Pliocers: Kankawati Series Phocens

Gienms — Schlelchoraovion pen. now.

2 S:'H-:'ﬂ:'ﬁrrm_ﬂm heaidichberiviy
Bh. THONY

M3, fgs £T: L3 dlg 9, 10, 12

This species |5 réprésented by fwo plsces
ol fairly well-preserved petrificd  woods,
measuring 125 =490 cm and 10:0 =40 cm,

Tepopraphy — Wead  difuse-porous (P,
2, fig. 31, Growrk rigge present, andulibing
delimited by dark mnd dense fibre calls (Pl
2, bgs 5 7). Wesselt small to mediom,
solitary or in Ttadial muoliples of 2-5,
Trequently solitary (PL 2, fig, 73, some cross-
ig the boundary of rings, rarely forming
clustars, more or less evenly  distributed,
11-14 per sq mm; tylosés wanting; vessels
filled with dark contents. Parcnchyma
paratracheal and mpotracheal; parairocheal
paranchyma  sparse, aswilly confined (o
the fangential wolls of the wvessels due 1o
contiguaus xylem rays, occasinnally forming
incomplote to complete 1-colled sheath round
the vessels (PL 2, figs 4, T); apotracheal
parepchyma  scanty, diffuse, concentraied
only townrds the inmer part of the ring.
Ruoys fing, 1-M3) serigie, mostly |-scriake or
12-32 um wide, 2-30 1_:11::5.!]}' H-16}) cobls ar
A0-600 om high (PL 3, fe. 99 11-16 rys

mmm; Ay tessie hnmngmmus Fiys

maocellulir, consisting of procumbsnt calls

mﬂ].r {PI. 3, Fgs %, 12). Fibrer aligned In

radigl rows betwesn the two conssvulive
rEvs.

Efemente — Fessefy cireuler o oval in
cross section (Pl 2, figs 6, 7% Ld. 6152
pm, rd 60-700 um; thick-walled, common
wall H-20 wim - in thicknesss; vessel memnbars
160-500 pme i lemsgth with ruseated onds )
perforaions. simplo; intorvessel pits small,
aliernate, bordered (PL 3, fig. 11}, ahouwd
4 pmoan dinmater; vessals filled with dork
gum plugs, Paremclyma celly round 1o
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aval i eross section, td, 1224 [, Rre_r
celle pound to owil in shape, 11-24 pmomm
tangential height, 45-80 pm in radinl length:
mfiltration dwrk.  Frees round fo oval in
cross section, td. 6-12 pm, wall thickness
F0 pm, sepia oot clearly soom.

AFFINITIES

Comparisen  with  the mioders  woady —
The imporant leatures of the fossil e
(i) wessels emall o medivm, (i) growth
rings present, (iiid parenchymit scanty, par-
tracheal and diffuse, (iv) sylem rays [-2(3)
seriate, mosily |-serinte, homocellular, and
(v} fibres thic Ig-twlled and probably septage.
These features are characteristic of certaim
"fl'-ﬂl}di -;.l' Uiﬂ |':|1'|1:i|:.' Ea.pind.m:mﬂ. SrncE :i11
the present fosal the paratracheal prens
chyma i% scanty vasicenlric, its modern
equivalent can be searched among the
eaant included m Group 1 of this tamily
sew o 13),

Considering all ihe characiers collee-
tively, it was found that the present foesil
wood shows clotest resemblance wath that
of Schleichrra oleosn (Lowr) Oken (Sym.
Sclfdefchera prifvge WilldY,  The othef penera
of this group which alse show similarity
with the present Fossil can be differentiptzd
in one or more importent  characters,
Dodonee and  Harpelia differ rom the
present Tossil m having aliferm o aliform-
conmfluent parenchiyma.  Further, the vessels
in Podones are small to very small and ther
frequency f8 aluo WY high {10-50 per S
mmi 2% compared 1o the present fossil in
which the vessel are 11-14 per sq mm.
Simalarly, Arprevn, Filicion and  Pomeiio
differ from the present fossil either in the fre-
quency or the wze of vessels,  The frequency
of vessele in Arprors ond Filicinn s 824
and 12-31 per sq cm respectively,  Pomeiia
differs in having bigger and lsssar wvessels,
l.a, the Ireduensy ol vessols i 3-7 por s mim.
The presmnce of pith flecks {which are very
common and often lurge) in Afiichocarns
differentéates it from the lossil. The ana-
tomical dats of twe  Indian species of
Xerospermuem, vir., X, ferrngineim Fisher
and X, giotraten (Walll) Badlk. are sviil-
able. ©Of thess. the former differs in the
absence of distinet prowth miogs and lassar
numbar of vessels, e the vessels heing
44 per =g mm. Tho latter though boing

closer o the Fossil diffors o having small
Lib ey sl vesigela .I"ul'tlp.'r-l.-.l'fr:r.n I['L'EH.:.IJ
lato) no doubt shows closs  similarity,
However, those species of  Nephelivm in
which growth rings are indistingl, vessels
nre higger in sige and parenchyma relatively
more {1.e aliform 1o copflvent), tan sasly
his differentigied (rom the fowal. The -
muiming specics can b soparnied only on
the basis of favs which are -2 sériate in
Nephefinn and 1-3 serinte in Che Fossil,

Corgrarisen with fhe fosvil wonds Ot
al o Lirg;n romber ol Tasstl wonds descrbed
ander the penug Sepiadorofon Keised ( 1922),
& almelai Kosniguer (1967) 8, antingudense
Schiinfeld (19475, 8, Jamegod Missa [195%)
and X pcflefchoraides. Daval (1965 show
resemblance with the present fossil.  How-
ever, it can be separated from them in having
some significunt differences.

The vassels in 5. wleeefol are B0-2340 wm
in digmeter and the ravs are 4.7 per mm
as compired o the present Tossil in which
vessehy are 60-152 pmoin diameter and the
rays 11-16 per mm. In 5 anfieguicee
the vessels are 4-T per sq mmoand the rays
are 2-10 cells in height while 10 thé prasent
Tossil the vessels are 11-14 per sg mm and
the tavs are 2-30 cells in height,  Similacly,
8. famreged abso differs om0 having  lesser
pumbser of vessels (4-6 per s mm).
_Sapindexylen schicickeroides, although ex-
hibiting general similarity with the present
fossil differs in having indistinel  growth
ring, absence of apolmcheal dilfuse paren-
chyma and the prasence of wenkly betero-
peneous rave,  On the contrary, the mrivwih
rings im our [ossil are distinetly macked,
the apotracheal or diffuse purenchyma is
concantrated fowands the ionir part of
the growih ring and (he rays woe Desmio-
peneaus,

Regarding the affinities of Sapimaddosplor
achleicherofdes. Daval (89627 considersd it
similar Lo Schlefchers ofcaks in shape, sizo
nnd distribution of vessals, the fype of inters
vascular pitiing, vasicenine pwrenchyma, 1-3
sarinte xylom rays nod seplnis Fbres, At
the same time he differentinted 10 from
Schleichery pleora in the absence of distinct
growth rings, diffuse parénchyms and re-
Intively thin-walled fibres,  We have also
checked and found that in Schleichera (5
plora, the only ppecies) the growth rings
pre farrly distiner, regutar, andulzimg, de-
limited by dark and denser fibres and diffuse
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parcnchymo cslbs,  Such growth rings e
lacking in  Sopindoxvlen  sohleioberelides,
Besides, 1lse ruvs zre homogenssus o weakly
heterogeneous in this fossil whereas they
are exclusively homogeneous in Selleichers,
Hence, it cennol be regarded a5 Sofileishere
afthough its apparent simifority with this
Lenus haps led Dayal to pame it us 5
sellpicheraniles

Sinae the present Tossil wood shows closest
resemblance with thet of Selferchers md
differs from wii 1the known fossil woods of
Sapindaczae, il 15 pliced under a now genus,
Seblefehoroyyfon, and poamed a5 Sebleis
chivoxidon  kachclhedicls sp, nov,,  wfier
the dstrict Kachchh from where # wos
vallzcled

The genus Seftfeichiers consists ol o dngle
species, & ofeose (Lowr) Oken, lound in
the Indomalayan region {Willis, 1971, p,
1042}, In India, it oceurs in the suh-Hima-
Tavam broet wp teo 900 m, from fhe Sutle)
ecastword (except perhaps Assam, Beogal
and the Andiemans), Central Todia and
western Peninsuba in the deciduous Torests,

Cipsme Dacmoss
Fehfeiciwerarifin men, mov,

Wade  diffussporous, Growsth  rings
distinct, wodulating. delimited by denser
fihres and diffuse paronchyma cells,.  Fessely
smnll te medivm, solitery or in radil mlti-
ples of 2-3. more or Jess gvenly disorbuted ;
perforations siaple; intervessel pits small,
dltermats, borderad | tyloscs absent.  Poren-
clivma  pwrntmchenl, vasicentriv,  spurse,
farming incomplete o complets, 1-celled
shissth round the vessels; ppotrcheal paren-

chivma scanty, diffuse, colls coneantrated
towards the inner port of the nng.  Ras
fine, 1-23} seriate, homoeellukr, consisting
ol procumbent cells, up to 3 {mostly B-16)
a:"E or 600 pm high.  Fores thick-walled,
prabably seprale

Genrt e — Solleicherox o kachelilensly
FER. nov.

SUECTRIT DNAGROSS
Sohleicheroxplon  kecholfensls sp. nov,

Grromegiy rimps distinet, wid wlo ting, delimined
by denser fibres and diffuse parenchyma
calls,  Ferwds small to medium, solitary
and W0 il multiples of 2-3, [r-:ﬂuuu:-m]jr
aolitgry, Lo GRS wmy rod. 62 L,
about 11-14 seswels per s mm, inlerasal
pits  smple, ahermate,  bordersd,  small;
tyloses absent | vessels flled with dark
contents. Parciclyom paratrachenl, sparss,
usvally confined b the tngeniial wall
of * the vesels, occgsionally  forming in-
complete o complete, [celled shéath
robrd 1he vessels: ppoirachesl pantochymns
seanty, diffuse cells concentrnted towards the
inoer part of the rving. Vples rayy fine,
=203} serigle, mostly lsserinle of 1232 wm
wigde, 2-30 [mosily B-16) colls or Si6K) um
high, 11-F& rays per mm, homocellolar,
conststing  of  procumbent  cells.  Fibres
thick-wolled, probably sepiate.

Holotype — BS.LP, Museum Specimen
mpy, 3533,

Locality — Dhancty, sbout 24 km east
ol Bhuj, on the Bhuj-Bhochiu Road, district
Kachehh, Gujarai.

Horizin &  Ape — Kankawat
TPliocene,

Series,
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The Podrecsbinimurar, MWL 22.77, 149R3

DINOFLAGELLATE CYSTS TROM * NON-MARINE®
SEDIMENTS OF JABALPUR GROUP AT MORGHAT,
MADHYA PRADESH

K. B JaN, P KUMAR & HARI K. MAHESHWARI
Birbal Saha [esinge of Palaesbolaiy, 53 Unsversiiy Rood, Luckmow 226007, Tndia

ARSTRACT

The Jzbalpwr Ciroup sedimuents afe o for beBeved o be of non-marine orgin

These wodbmenta lwave yichled o rich Nain comprii
Recently, while wiorking ouwl the palynosirot

aypts were Tound im0 one of the ssmipdes fram
Fradesh, The dmaffageliate oty are reférublic 1 thees  generd. vie.,  Kaleprea,

Sranterielinrom 2l Cwrsimre.

both micga- snd micealosil,

n
ﬂﬂﬂhﬂ' :,rF the proup, some dinolfugellate
orghol, Hoeshangabod Desirss, Madhya

species, b Kalrprea amidiva, 58 nesw.

Kevewondy — Dinoflegellaie cvats, TUpper Jurassic, Jofalfpur Group {Isdia,

i

wtewr (= g3 | & ey & een S aved) §rshermy fff — g gang &y, s gaT
0¥ FivET SmeET

FEAYT AT F WEAE O g W1 W awd A A d
T 1 @ O AR e wewns s

RCTIET ST TR AT 9

TS W R T -

T T TEW ¥ FrETE FAve § g ey s 6 owagy 8y aipenr et e

it T |

Fgeiin i

INTROOGLUCTION

HE Jabalpur Grou
I prises massive sandstones allernating
with white clays, ' At placss carthy
hematite, red oy, carbonaceons shile and
coal are nlso fopnd, The saft white clay
is very characteristic of the Jabalpur Group
a5 a similer Bithology 8 not Tound in any
other Gondwann formation in Indis, The
coaly  and curbonacegus facies arc sspoui-
n.||':,' '-'.'l,!'”-.l!ﬂ'l-'EI-'.lplEI.‘l near '.'"iq.-]'rl:l‘l.. Mlarh-
E.inF_I:'ri“I Hathnapur,  Parsapani,  Kolri,
idhar (Dopgarkhob), Romksmar and

Morghat.

O the basls of plant fassil dlsiribulkom,
Crookshank (1936, p; 250} proposed division
ol the Iuh.ﬂ!purg; of Saipura  Gondwana
Bssin into two " stapes’. iz, Chaugon
and Jubalpur, However, the rocks of both
the stppes pre hihologically very simikar,

typically com-

=

oo il Wb by, dfaee, deofeifreg oe dfifen T
il fifrfee g, owd B

The ape of the labhalpur Group is beheved
i be Upper Jurnssic,

While ithe megafiors of the .lnl:lh.lirl-u!'
Group has rather been sxtansively studied,
it i+ oaly during the last decade or sp that
detailed studies on the mioflors of the group
have been underinkon (Bharsdwa), Kumar
& Singh, 1972; Maheshward, 1973, 1974),
Recontly Maheshwari and Kumar (1979
witile warking out - the Jabulpur misllsrn
of the Lekhartalai area noted the presonce
of microplankten-like bodict n oone of
the samples rom Morghat,

As the sample and the section from which
it was ohtained are apparently of non-marine
urigin, the presence of dinoflapgatiales thersin
i of prest mierest, and these form the sob-
Jevt af this papes, .

Fossil  dinoflagellates are not  entirely
unknown  from non-marine  deposits,
Traverse (ER55Y recorded Perilialed (Sarm-
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ferdietitiin]  hernweiemims [rom (he Boandon
Lignite (igocene) of Yermonl, Macko
(1957} reported a modern species, Gledo-
i Sirecpichie wulﬂﬂfnitﬂq 1928,
from the Miocene of Bilesia, Species of
Gelvelodininm  are known from the Miocene
of Hungary (Magy, 19635, Miocens of
Alaska (Epngelhardi, 1976) and Eoceoe of
Germany (Krutssh, 1963 Hareis (E973)
described an  assemblage of  non-murine
dinoffagelluio cyss Mrom the Tertiary sedi-
ments of Ausiralin. NMon-marine dinoflagel-
lates wre also known fram the Quaternary
daposits (Churchill & Sarjeant, 1963, Sar-
jeant & Struchon, 1962 Harkind & Sarjeant,
1970; Morris & McAndrews, 19705, Mor-
gan (1975 reportsd & dinollagel e cyst
from the Enrly Cretaceous fluvial litholfacies
of the Great Australinn Basin,

The sample Ffrom which present dinofia-
pellate cysis were recovered 8 very rich

in gymnosperm pallen. Oaly a few preri-

dophytic spores are presenl. The dinofa-
ellutes, oo, nre meagrely represented and
per  cenl of the tlotal

form less Ehan 2

DIMOFLAGELLATE CYETS FROM 'NOMMARING ' SERDIMENTS X%

microflorm.  The diversity of the dinofa.
pellnte cysts s ndso wery low, The cysts
poisess well-developed horns or archacopyle,
wnd belong ta the non-capsulate peridiniogd
forms. All the peaera represented in the
present assemblage are known [rom the
Jurpssic prd  younger murine sediments.
Ta the best urru-m knowledge the present
report happens o be the firsd record of
"pon-maring " dinofllagellates from o strets
lder than the Croticioms,

MATERIAL ANIY METHUD

Fhe dinglagellate vielding sample 18 4
carboaiceot - shale collecied by one of
us {HEM) from the Momand Biver Scetion,
enit-north-enst of Morghel, Heshangahad
District, Madhya Pradesh (see Map 19,
The dedails of the palynolomical samples
collected from the area and methodology
followed are given in the enrlier paper by
Mahcalvwarl and BKumar (1979, Howewer,
for dinofagellates, the potassiom hydroxide

Eﬂiﬂfﬂl E-[.m;uﬂ
Frrimmcimamn [0S ALk

g |

Ejmm.!
Emm
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iy Cresonidans TID&

r.rl!|:‘|||'.|,HiE|11 map of 1he ares showing the lacution of ssmple.
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treatmenl was omitted and the macerate
wias staiged with Safranin,

Photomicrogruphs were tiken on ORWO
MP 15 35 mm o onepstive Olmowith @ Card
Zeiss Amplival migroscope and putomatic
Camera attzchment.  Priats were mincle on
AGFA Brovira puper.

The shides containing figured specimens
are houwsed at the Muscum of Birbal Salin
Institule of Paloppobotuny, Lucknow,

The co-ordinates of the figurcd spacimens
ure From  Curk Zeiss Jens ™ Amplival ™
microscope o, S3TH5 ol Birbal Sabn
Institote o Palaeobotany,

BYSTEMATIC DESCRIFTION

Class — BII:I.':[IiI_'f'Ii.--.ﬂ: Pascher

Order — Perndiniales Schutt, FEQG

Fﬂ.l‘l‘lll].l'—]:"".ll'r.‘udlnl'.llfv:ﬁ.t Ciocht emend,
Sarjeant & Downic, 1974

Gengs = Kalvpied  Coolvim & Eisesack  omend.

Wiggins, 1975

Tipe dpecfey — Raligieg  diceras Cook-
som & Fiscnack, 1960

q

Y

Texr-#iin, TA-C — Nelipren madiver Boin & Mabeshwarn sp. nos;
part with welbdeyelpped apical and antapscal born,

Kalvpren {ndlee Jon & Minheshwart sp now

ML ligs 712 Teafip. 1AC
Hmrw1 ol . I l'rE:. B, ':15_ shide mo. BSIE
b ICII. S [T T

Tvpe Locality — Morand  River Section,
E-&.E. o Morghat, Hoshangabad District,
Madhya Pradezh

Age — M pper Jurpsseac {Jabalpar Group).

ﬂ.l'r.lg.rlr.l.'n":r - 'lf'_rﬁt |:||i|1i-|:|idp.|., thin-walled,
single-lavered, Tolds Trequent, surlnee Anely
pranulpte, ilrlnil.‘:ul aitd wntapieal hofps well-
developed; upical horn longer and broader
than entapical horn, graduslly  tapering,
tip rouwnded; antapmoal horn sseally  short,
narrow, poenled.  Centeal part of eyt in-
fated-slongate.  Kalypira and apical sroc-
tures totallvabsznt,  Archacopyle intercalary,
probably made up of types 21 to 31

Mewsurernents  Flalofrpe Meppge
LT jLm
Cwst skEe 135 <p%  TE-124 =50
Apical horn size A G M-S0 < 1320
Antapical horn size 20 %R 13-20 < 8-10

eyt wsitling showing nflated contial
Areleenpyie marpin broken 0 S
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Compariyon — Pwenly-live speelmens  be-
longing to Kulyptea indive Jain & Mahesh-
warn Ep. now, hove be=én  dudied. The
preservation of the forma is oot very
sutisfactory, dumaped specimens are Tre-
guently recoversd, The species compares
hest with K. dicerae Cookson & Eisenack,
1960 in having wncqual horns and  thin
and Fnely granchute cyst wall but differs
in hoving nfinred elongute ceniml  part
andl no kalypirw, The rhbombic shape of
K. glibra {Cookion & Eisenock] Wiggns,
1975 ensily distinguishes it from K. e,

Remarky — Morgan (19750 has reporied
semilar i.'insl:-]n:.-md cysls a4 f-'r.r.rr:,ﬁ'.lr'nrq."y.'rrn
from ther Lewer Crelucions of Ausiralia,
buving  presingular  archacopyle, The
species F, walan 16 believed by Morgan
(1973, po 164 to bBe o non-marine dinofngel=
late cyal.

Gosis — Oaereingin Cookessn & Elamack, 1940

Typer  Specier — Corningia
Cookson & Fizenack, 960,

resienling

Cumnirigiay sp,
PL T, figs 5.6

Prescripticer — Cysl spheroidal, 30 <40 pm
in size, wall thin, granuler, slight apical pro-
jection soen, aatapical ¢nd broadly founded,
archasopyle spical, margin dexply potched,

Remarky — 11 shows  close  rescmbiance
with Bativcasphacrd macrogranuioi Morgun,
1975 b dofers e the sufmee  ornamen-
tatiomn.

Genug — Somisidintum Barjeast & Siover, 157K

Twpe  Apecics — Seniusipindling
{Sarjeant) Sarjant & Stover, 197K,

Farera

Sewrtusfainiun wp, A
PLOL Bgd 1, 4

Diescripilon — Cwal ovnid, 70 A% um in
size, cigpulum obsent, surfice granular,
fabulotion lacking.  Archacopyle amecal,
suture ZigFag.

Reaperkcs — The preservation o recovertd
gpecimens 14 nol salisfactory To give o cléar
wen of surfoce oroamentation.

Senrustdinium sp. B
FlLoT s 3,0

Deseriprion — Cyits ovord, 7063 um in
size, sutophragm  imperfectly prnamented,
appears to be coarsely sromulate o iuber-
tulute; sometimes cingulum & dndiciied
by the arrangement of gromales or tubereles,
Archacopyle  apical.

Fomsa A
L | Tk 13

Beseriprion — Cyst dvssoried, 100 50 pm
in eize, elongite, snple-taversd, granulste,
i apical and two antapical homns wells
dewel Archacopyle nol seen.

Remarky — Only 2 few specimins hove
becn pecovercd.,  The presence of a0 apical
and two  unlapical horgs with nutophrogm
sugseits their plicement either under 1he
penus Aetiofadimum or Sroomea. Sinoe the
archeeopyle i not discernible, po delinite

plcement |8 possible,
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arclinates [O20% o (k50

Seaturfalivfear wp. Bz Shde no. BSIP- 57277 o=

ardinples 1037 = 1l=3

A Newrwultldmium sp. B Llide no. ASIP 7200 en-
ordinples 1T © 1200

. Aewfesdliwius spe AL Slkke oo, BSIP 3726 co-
ardiintes 95-5 = ikl ]

- Cronigpip sp) Sllde no. BEIP 5726 copndingbes

[

127 = 13-4,
: ll:‘inwu' it o Shide mo. BSIP 5725 coordimales

~f o hm

o Ralepivw danlies Mpin & Mahsabwoasd sp, o mow.
SHile no. ASH 5725 coondinales BOO0-9 0 1100,

H. Kalpyptra dedics dnin & Maohoshwarl sp, oo,
magnifiod aplcal pori showing srchasopyie: Slule
oo, BSIF 576 coocdinates 1010 o 600 { &
160y Huolobype.

9. Kafvpiea fedice Jain & Maheshwnri LT A Ty T
Slide no. RSP 573§  coordimsles 1014
= 0l Molowpe Szne 8 |nlnninﬂ| B,

16, Kalvoies m Jain & ﬁ;hqghw.;n AR MW,
Shide mo. BSIF 5T26; cpordmnnies 10H < |9-8,

1 Kolypiea fodfcy Jaln & W beddavar fnav.-
Alide no. BSIP 3728 coordmaies 1384 < -8,

120 Kalypiea Hiln & Maheshwuri ap, @y
Slide no. BETP 3700 covrdimates 1065 = 147,

13, Forrma A Shide no. HBSIP 57265 coordls
mates L1 < 025,
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PALYNOLOGY OF THE DECGCAN INTERTEAPPEAN BEDS OF
RAJAHMUNDRY DISTRICT, ANDHRA PRADESH

k. AMHAWAN|
B bal Sohni Insfilute of Palseoldsmny. 53 Universidy oo, Lucknow 226007, Incia

ARSTRACT

Pylvnelogien] stichies of e Deconn Inkerimppesn beds feome ihe villnge Kotis-
Hunmimt ti, B livnuivdey Diawict luve vieldel somie Tungal spoies and anglospermos

perllens, Thisr are epresenied by 7 peern elmping te 12 apatien,  Thoee new spiciey
ol Tungn] apaces kove been desers
Ao - v Palymmleszy,  Fungsl sporey  Deccsn-lnlerirappenn bads,  Enrly
Eoerne dlemlin)
wiale
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i SR 97 T qE i @ e o e g

INTRODUCTIOMN

ITTLE work has soofar been dune
on the study of the miplom rom
the Decenn Intertroppain - Serjes  of
Indea, Earlige workers hive carred out
shudies on the Decsan Intértmppein minflor
mostly [oond within ihe infected prts of
the planis cmbedded in the chert  Suhni
pnd Boo (1943) rnr.ul:'lﬂi '|'||_-r'iI|,'||;.'«'_“|.|| sitncked
fo seplate myvechum by préparing thin
sections, Rure attempts have been made
fp study the mioflors By omocermtion,
Shukls and Chilaley (1948) recovereid Tungal
ra'gmrlmﬂ resembling Mucorsles.  Chitpley
(1050, BBSE, 1957 recorded some fnnp:l
ond pteridophytic spores as well as mymno-
spermous and apglospermons pollen grains
from The Deccan Intertrappmin cherfs of
Mohgoon  Kalan, Chhindwara  Distrct,
Madhya Prodesh.  The fungal speres mainly
belang o Mucoracese, Microlhynacze ond
Pepsporucane, whereas the pleridophytic
spores show offinitses with Gleichenioceae,
Lycopodiacee. ond  Polypodineeie. The
gymnaspermous  pollen comprise mono-
fadoiles gnd  disscdnles, while the wngio-

L

e

apermous  pollen nre represenied by the
familics Gramincoe, Ericaceae and Belo=-
Licene,

[wivedi (1950 deseribed foesil rust spores
infecting the fruit of Ewxlesmacarpm warfiofd,
Lakhanpal, Dayal and Jain (1967 dis-
eavered fungnl sporangia belonging to Lage=
pidlales  from  the Deccan Intertruppenn
heds of Mohgaon Kalan, In 1968, Mohabale
deicrthed  some  well-preserved  bawo-celled
fossil Tungal Spores as Diploddla from Ihe
cherts of the Decean Intertrappean Series.
Chitaley and Sheikh (P9, 1%971) reporied
the Muppal Mactifications ftom the Dedcan
Intericappean Seriea of Mohpson Kalan
and n E;;ii fungus  sesembling  Holfwin-
thosperiin.  Chitaley and Patil (1972) des-
gribed Deuleromyeelous fungus in d=ocia-
fion with 8 dicotyledonous wood from the
Revcan  Intertrappean  beds of Mohgion
5‘.';.|.||q s Tri\.:u:fl |:||:||:|. Yerma -[_1'9?3-'1 ﬂ.ﬂ!-l'.‘l'lbﬁd
n Fossil Tungus  Segpeeospore  (etereapme
and Puradkar (1974) recovered fungal spores
sonsisting of conidia and monpsulcate griins
in an infected leaf from the snme beds

The present poper denls with the paly-
r|.-|1|4;|5i|.tq| J'|w:_iliEnI|'uq: ol the Deccwin Jiter-
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brappin calearcous clay.  Thirty  palymo-
logical samaples were collected from the
foudside £oclion ox wbont 25 kmn
gouif-ewal of Rajshmondry nenr the villnge
Kivtli-Bemimura (17440 M, 10°58°
5EL The weclion i5 aboul & m thick
and its-bas> & made op of w '3 m thick
myel bed which s follgwed by thin pink-
E‘fl;}"'ﬂ'h L!u]. bande. Thaegh all 1he l.‘:l.mpl.‘.i
were processed bt only 5 oasmples pielded
a poor sssemblnge of spores and pollen,
The ﬁmtrmnt deseription of the recovered
assomblage 5 o5 follows.

SYSTEAMATIC DESCRIFTION
Frscal Srokes

e —J'n-uperrhpnrl!m mlnder Hammen ) Shelly
& Dilcher, 197

frapertisprritel drivedi g Doy,
P, Hpe 1, 3

Hofooepe —PL 1, iz
wm. alide po. BOGETD

Type Lovality — Kolta-Bommuory  Villmae,
Rujahmundry  District, Andbrs  Pradesh,

Horizon & Age — Deoan Intertmppean
Swnes; Eurly Eocene

fHagearis — Grans non-aperiurate, golden
yellow in colour; shape oval © clongated
size 123 <6564 = 55 wm; spore wall Tolded,
punciuie, discontinuous striglions presemt,

Deseripilon — Fopgil spores: soboroslar
1o sublriangulyr, ovel to cimlguh:d i shi pe,
size varies from 115 = 63-64 35 um.  Spore
wall with mony ireegular folds, punctate
wnd  afrinted, siraations discontinoous on
the surfacs of the griin, +1 pm thick and
2-3 um long.

Comparison — The present species diffors
from the following sprcies ol feopersis-
gracftes, L nmiputiy van der Hamomen 14954,
I elonpates Rowse (19620, L oewbeardy, I

I, sige 12565

clecnlaris, §, ovalis, I subeapsidaeis, £ oreti--

citlarur, J fomgfeeiany, T aubovoddvies,
I obgowrar, . nodelis, 1 deciformis, f
irreguluris, I obpyeiformis, I, subeurvarus,
Lo oreetbeiches and F mdlvinanes Sheffy &
Drkcher (1271 in having Brger size s well
as sirmtions an the spors wall

The species is panzd in honour of Profl

B. 5 Trived,

PALYMOLOGY OF THE DECCAN INTERTRAPFEAN NEDS

TrapereEpoeiies cyiiolidey sp. nov.
PL g, figs 1, 4

Holotvpe — PLT, fig. 3, siee 80 pm, shde
ma. BOTE,

Tipe Lovality — Kotta-Bommurg Villaps,
Rajahmirndry  District, Andhen Pradesh,

Herfzon & Age — Décoan Intertmppesn
Eﬂlﬂ.- I:_tllu- l-r.lL-..IH!

Mgl — F IJI'I.EI:I.“"I-I1IJ_!||'IIIL"_|‘|I'.'|-1 dark Brpam,
nisn-apertiaraie, cirenlar 1o oval i shope,
siee BO-60 um in dimeter, spore wall very
thick +4-3 um. laevigsle or punctate.

Dresiription — Fungal baly with cysi-like
covering, dork brown in eolowr; circular
i ull.ginl_u oval in shope; sige wnries from
66-60 wm dinmeter.  Spoare wall vory thick
+4-53 um, lagvigate to punciate,

Compadison — The  present  species  re-
wembles  Fagperiiggavired cirenheriy Shelly &
Diloher (1971) but differs in having lurger
kizd and o wvers thick spofe wall,

fnaprrﬁfpm'rr.v p. |
Pl fgs 36

DPoexeription — Funewl spores dark Borwm
in colpr, body mostly crvular and thick-
walled, sizg yaries from 48532 pm in dis-
meter, ldpnrn wull more or less papillate
of peeudorstioulats in surface view, mesh
ppe =5 em owide, papillas o £2 um
lona,

Repmigreks — The present  specics  differs
from feapeeiisgporiies cpxloides  in having
thin papillale out growih en te spore wall,

Tespertlsporites sp, 2
PLoT, Tgs 7, H

Description — Fungal spore with folded
spore wall: subtripnpulsr in shape, size
abomt 48 w36 am, spore wall thin ahogt
I pm, punctite, pumcla smull less than |
(AT

Remarkr — The preseit species rescmbles
with Fropertisparfies kedvesii Elsik (1968)
eacept in the spore wall thickness and having
Iorper size.

Tncpertispariles sp, 3
BL 1, fig. %

Dererfpiion — Fungal spore inaperiormte,
ovied in shape, dbee 96 5 TY pm, Spore wiill
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slightly  thicker about 15 pm, laevigate/
punctpty, folds present,

Camparison — The pressat species differs
from the wther Kmown species of Inevignte
Inapertisporites in considerably larger s

Genus — Dcellovsporires [ Esik) Shefly & DEcher,
1aTy

Dicallaesporires poperii Elsik, 1968
PL 1, fig. 10

Doveription — Fungal spare dark brown
in colour, spore appears o be 3-celled.
30> 16 pm in size, the basul cell larger 13
pm, middle cell 10 gm and the apical cell
5 wm o in sz Spore  owall  mediamly
thick about 1 wm, Jacvigate.  The basal coll
Chevwd ditachment $¢of.

Genns — Misltfcelleerperted (Ekik] Shelly &
I'.llﬂu- 1Tl

Multicellarsporites prakoshii sp. nov,

PL o1t 11
Holotppe — PL L, fig, 11, size 350220
fim, slldn: ma, 60T, )

Tipe Localily — Kolls-Bommura Village,
Rajshmundry District, Andhra Pradesh.

Horizor & Age — Deconn  Interirappean
Series; Early BEocene.

Diggnoris — Telracellate spore 80 20 am,
individual cells spherical 30 pm dimmeter,
prranged along the longer axis with 3 dark
septa, spore wall laovigale & 1-5 um thick.
Spores durk brown in coloor.

Deseription — Tetracellate  spore,  size
varics up fo 3005 20 em, oolls arranged alon
the longer axis(with 3 dark septa}individua
spore spherical o shape, +20 am in skze,
exipe laevigate and 1-5 pm thick, Bpores
dark brown in colour,

Comparizon — Among The larpe number
of  speeivs  of  Muolticellaesporites,  1he
present species resembles M. ollomdrphus
Sheffy & Dilcher, 1971 in  shape und
4-ceflled body but differs from il in bein
bigger in siz2 and having thicksr spore wul
with spherical cells,

The specific name @5 given in the honoar
of D U, Prukash,

Gomus — Hul;g:‘:wtrpurlmr |;'nm der  Hammen)
My & [ilcher. 1071

Momaporisparites ﬂﬁ-r';;fll'lril Shefty & Dilcher,

i TR e

Besoription — Fungal spors dark brown/
bluck in colour; nmﬁn shapa, [$212 s
size with o faint longitudinal  slit-bike
opening,

Merapariiporiied stoverdi Elsik. 1968
PL 1, fig. 13

Deseripiipn — Fungal spore  black in
colour, opigque with o single sperure, cir-
culur in shape. I8 pm in size; spore wall
lagvigale fo finely pitted, +0:5 um thick,

FustiaLl By Tyre-d
FL 1, fig. 14

Dercripsion — Germinating spore, hypha
comming cul from the main body, 16210
e ko sike, oval in shape, swollen gl both
the ends, about I8 um long, The hypha
produces a small branch at the apical end.

Fukoal ReEmais Type-2
P11, fig. 15
Deseription — Hyphae with circular  te
oval spores, brown i coloor,  non-eer-

tumte: ench spore mensurncd about 13315
pm in stre: spore will lasvigate.

ANOHEPERMDUS POLLEY
Anteturma — :E;:'Jm&m:hmrﬂr Paotone,

Turma — Afetex Thrahim, 1933

Subturma — Azemeletes (Luber) Pobonid &
Kretnp, 1954

[nfratirma — Taberial Pant, 1954

Gienuy — Nenoperturipites Riswas, 19652

Nungperturipites wp.
PL 1, figs 16 07
Pescription — Pollen grains aval 1o sub-

circular in shape, size 142-112 ym, inaper-
turale, exing lﬁ?i.‘h. about 3 pm, verrucate
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or pammate forming  pdeudorediculum in
surlice wiew, pummine evenly distributed,
verruene/gammas + 2-4 um high.

Rewrarks — The presept specics resembles
with Nongperiedpltes bered Bisowas (19G2)
excepl  aving . larger seee and bigger
ViLFrlcme e i mine.

Turma — Plicites (Naumova) Potonié, 1960
Subturme — Il";mu'!ﬂ-l [Maumosi) Pobonid,

feenis — Tricels eridred (Pl & Thomson)
Tth.n-ﬁ-u & I"'Ih;‘ﬁ,r [ ELE]

Treivedpopalloniiery microhiqrici Thomson &
Pllug, 1953

MLl g 1

Desoriptionr — Pollen grains more o less
trignpolar i polar view, polar szis equal
or shghtly longes Than equmional nxis,
tricolpite, isocolpate, sime of the pmin
b oy oexme 4+ 1 pm Eheck, lnevipmie

Euh!urm—l‘:]:-ﬂ'ypr,wﬂrﬁ (Mawmeval Potonié

LU

Infraturmn — Srephenocofpeti (van der
Hammen) Polonie 1970

e — Pudlgsteplirocalpdioe Leldelmever, 1966

Frilastephanocolpites aals Leidelmever,
LHah
T TR T

Description — Pollen gening oval in ¢quas
foris] wiesy, B <52 pm oin size, letragodpate,
colpl runnmg op T 34 ol the lomger wxis,
exing ubout 1 pm thick, lhevigate/seabrate
and thin,

Rentarks — The prisenl Species s Goams

arable with Peifasrepharocolpites mafa nlmost
m alf churaciors except shght varinlion in
L LFA.

DISCLUSSIOMN

The palynological assemblage recovered
from the Deccan Infertrappéan beds of
Koltln-Bommuru 1= poar,  The Tungn! spores
wre represcnied by mine species belonging
Io Tour geners, while the anglospermousd
pallen nre representsd by three species he-
longing to three geners,

Earlier, the r.::ll:.'nul;lgil‘_ql studics on The
Decean  Interiruppinn bedd ol Mohgaon
Kalan, Chhindwira Distret Garried  out
by Chitaley (1950, 1951, 1957)  show
the presence ol some fuagal fraiting bodies
and Temgal hvphae, @s well ns some thallo-
phytic spores.  Later in {1951}, she re-
covered » pood pssemblagpe of preridophytic
spores, gnd gymoospermous as well as
apgiospermous pollen grains, Among them
The pleridophyiic spores constituted -aletes,
monoletes  amld triletes;  gymnospermons
pollen are represented by monosnccsbes
ond dimccnies whereas (i ©a gios permous

llen grains are  shared hy Monoparites
Ff;"ruminl'li':tﬂi]_. M tes  {Typhidites),
Monorwlcites (Palmidites),  Frlewiplaites
(Rhamnocidites) and Fricolporites (Myrta-
cidites), Chitaley (1957) recovdred some
micrit hyrinceous Tuiting bodies and spores
ol Pleosporaceac and Mucoraceae. Pteri-
dophytic spores of the families Glelchent-
acene and Lycopodiacese were also frequent
in this pssembloge.  Mopocotyledonous as
well as dicatyledonows pollen geaing be-
longimg to Uhe Gumilies Graminene, Encaceae,
Tihoeeae and’ Betulaceas were also re-
corded.

The present palynological assemblpes does
ot compare with the above asomblages
anid the differences belwesn thise pssemb-
lzpes may be due to (i) the disparity in the
strutigmphical horizons, and the difference
in the lithology, (i) the difference in the
depositionnt  envirenmen! and floral come-
position of that time, and (i) considernble
digtance between the two amas

in the present polynalopical assemblage
i has been phserved that the miospores
miinly  beleng (o inaperiorate Iype  of
Menpud spores, wheress Ehe anpiospermoos
pollenn  proins ore seanty,  Absence  of
bryaplictie and  preridophetic  spores s
well s pymnospermons nnﬁrn with & posr
perceninge of angtospermous pollen groims
in the present assemblage leads o Lline
u poor vegelnlional growth in this ares.
However, presence of Nemaperfuripites-ivpe
of pallen gnuns indicate 1hal there might
have been some localised waler lozged areas
pt places [o justify s growth.

The present palynologicnl assembluge 5
poot te by amployed o the palynostrati=
eraphicnl  studies  and more dala  are
necessary (o build ap a complele palynp-
logical succession of this area,
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LITHOSTRATIGRAPHY OF THE TERTIARY SEDIMENTS
EXPOSED ALONG JOWAL-BADARPUR ROAD IN JAINTIA

HILLS (MEGHALAYA) AND CACHAR [ASSAM)

R. K. SAXEMA & 5 K. M. TRIFATHI
Rirkal Snhni Inststure of Pafeohommy, 33 Lnwversiy F-!;mu;l. Luckmow 2301, Tnd

ARSTRACT

The paper fncludes the el observariong on The sedinentsalang TewaeRalarpe
Road sectson in daintin Hille ond Cachar, depicting (helr lnhssarmiigraphy . Staring
Tiam Fowal tirwards Badarpur varknes Teitbary sedlineps weie abeservial. Tnoassending
order, (heme are: Therria, Ssfhet Divwstome, Kopill, Losonge, lenam, Rendi, ORokan
Bokabil, Tipam Sandsone and Reoent alluvia,  The Hthodogy, nature and bcation ol
Comlie s sl F|.1:-_|-|l vopdgnis ol sueh of thess Towrmalions aie discussed

Ad Sonapur, TH Erm (roay Tovsmi, The sechon s crossed by Diauki Tear Fanll, which
separples the Palisocene-Focene racks of the shelf Faoes 1o the norih from CHigocenes

iocens rochs ol the peosynckinal faces o the souih,

F:':J-mll'r.h-- - IJr|H:-:|11'q[|gIn|:h_;ﬂ. Terimy seidaments, Jaintea Hills, Cachar (Inding b,

wire
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HE Jowal-Bedarpur  BRoad  section,

I Tacated in the sonth-zaa of Shillong,

represents one of the classical seclions
exposing the Tertinry sediments in north-
eastern India and constitutes part of Shilloag-
Badarpur highway (National Highway-44),
The dection is 136 km long and 5 shared
by Jaintia Hills Dhsinct of Meghalays and
Cachar District of Assam.

Pasgupla ¢ gl [1954) poblished the
pealogicn] map of the area wlong  Jowsi-
Badwrpur - Bosd  with g sunmarieed
deseription,  Sein and Soh (1974} published

u paper desling with Ghe  palynological
deémarcution of the Boccwe-Oligocene sodi-
ments  éxposod wlong a part af  Towai-
Badarpor Road, between Lumshoong wmd
Sonapar.  Batta and Jain (1980) described
17 genern und 31 species of dinoflagelinte
Cyils and adntarchs rom the Syvlket Lime-
stene and  Kopili lermations exposed in
Lumihnong wren near tlhis read section
e eloeidated the iosiratigraphee potential
of the assemblape.  However, mare claho-
rwticd studics are regquired 1o Tully understand
the steatigriphy and palynology of the arca
el 1o Bkl up stamckerd paly oost s igraghic
contiols Eaxr the demarcotion’ of variouws
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stratigraphie levels wnd thelr correlation
with the isochronous sediments of the other
paris . of monh-esdern India. With this
objeetive, the authors undertook a peological
excursion of the srea in January-February,
1978, A geological map of thii food section
was prepered on a base map of 123695640
scale (Text-fig. 1). Besides; over 600 struti-
raphically located samples were collected
of palynologicsl studies from all the rock
formations exposed along the road. which
include various lithic types, viz., grey sand
shale, carbonaceous shale, conly shale, coal,
clay, limestone, ete, The lithosteatigraphy
of the ares, based on our own field obser-
walions, is discussed in this paper,

1

Destances given in this paper reproseat
the distance of a locality from Shillong
wlong  Shillong-Badurpur Highway. wnless
mentioned  otherwise, The distances are
laken from readside kilometrestones and
not feom thi loposhests,

EITHOSTRATIGRAFITY

The basin Tor fhe deposition ol the
Tertinry sediments of Lhe Jowai-Hadorpair
Ropd sectipon is provided by the Shillong
Giroup, which is continsously exposed along
the road from Shillong to Jowal excepl gl
M km Trom Shillong where an exposure of
brownm, coarse W very coarse prained, Termu-
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ginous sandstone  of Therrin Formation
was observed.  Mear Jowal, the Shilleng
Ciroap s wnconformiably overlain by the
Thurein Formution. Further southwand, the
Thereia Formation is overlain by Sulliet
Limestane, which is followed by the Kopili
Formation,  The Jaintis Growp comprising
Therria, Sylhet Limestone and Kopiii for-
mations s overlain by the Barail Group
which i represented by Laizong, Jenim
nid Renji Formations.  The Barnil Group
15 overlamm by the Surma Girowep which =
divisible inta lower Bhuban  Formation
and upper Bokabl Formoabion,  Near Song-
pur, the road 15 erossed by the Douki Tear
Foult separiting Juintia Group of shell
facies 1o the north from Bamil gnd Surmm

roups of . geosynelinal faoes to the south.
EI['Ju: Surmis Group 18 overluin by the Tipam
Sundstone, which constilules  the  Iower
part of the Tipam Group.  The other loe-
malions of Tipam Group, vz, Girsgun
Clay and Dupt Tila, nre nol exposed nlon
the foad pnd therelon could not be studied,
The steatigraphic Succession along the Jowa:-
Bucharpur Baoid s sommarized ino Table |,
The deseriplion of warious stratigraphie
unils 1% nisn Eiw!'n-

ASHILLOFNG GoROe

Thas groaap, oceapving tho mijor portion
of Bhilfong Matenu, 1 constituted by quar-
ghte with subordingle phyllite, slafe aad
schisl. It rests over nn Archacan pneissic
baosemenl comples and near Jowal Wi
directly pverkin by Jwintiy Growp | Palago-
o Enceni),

JAINTIA GRET

It repressmts the Faliencone-Focene
sequence of The shell Tacies and is conti-
nooasly exposed o rood celting between
Juwal (5= Ko b and Sonapor (140 km). This
group s divided into 3 formubicns, viz,,
Therna, Syihet Limesione and Kopil

TuERIA ForsiaTim

The Therria Formation constitutes the
oldest  stratigraphic umt ol the Teroary
sequence in Jowal-Budarpur Boad scclion
and alee the oldest among the 3} orock
formations ol the  Jainbi Growp. The
exposures of this formmiion were obae v

in. the form of cuthers near Jowme (64 km)
alomgwilly Lhe fmbers of Shillonz  Croup,
Contineous exposures of Therria Forma-
tion weore observed up Lo 46 km, Do Jowai
(110 k. exoept pear B3 km whers aninlige
af steeply dippiog guarteiie of Shillong
Ciroup was observed,  The rocks of this
formntion show low rolling dips runging
babweed 3t 10 depracs and avctinging 4-3
dzprmes,

Lithodapy — Ths formation 18 made op
of white, brown wod paleored, pedivm o
very Coarse pramed, oflon  pritty, oross-
bedded, Jerrupinous  samdstones  alternaloed
by subordingie shale and fins-grained car-
bondesous sandstons.  The shale i mostly
bentonitic, sulphorous, ocasiomlly pyriloos
and generally carbonsegous withoul megi-
fossils. The carbonaceous sandstones dre
penerally associated with thin conl sexms,
AL pluces, the sandsions s ighly weathered
und lwlentiz, Many coal wams are iho
ohserved i this Tormution,  Their location
and thicknes ore: () ot 315 bm, G580 m;
(ify at 85 ken, 090 m; {ii§) near 86 km, 2
seams, OH0 moand 013 o\ respeciively;
Civ)] piar 885 km, Q20 mi (7)) near 22,7
krmy 4 penms, 110 s, 1ols my, 415 i nnd
025 m respectovely; (vi) mear 935 km,
030 m; (vi) newr 945 km, 0075 m; (viid)
near EL25 km, 2 seams, euch (LI5S m;
(ix) near (05 km, 025 m; {x] mear [06.5
ki, 60 m; and (x) near 1025 km,
.65 m

Nufwe of Confaets — The Therrm For-
mation wpsonformebly  overhizs the Pro-
Cambnan Shillong Groop. This  contaot
cin by obssfved fedr Jowal (64 km) The
upper eontpet of the Therrw, Formation
with 1he overlving Svlhiet Limeitone iv con-
lormable. This contuct |5 marked pt the
base of {he grey Imestone bed of Lakadong
Limesione Member and 15 exposed poear
o km,

Fosxif Correnty — This lormation s devond
of  amimal fossik or  plant megalessik,
Howaver, on axtensive collecton of rock
samples made by the authors has yielded
w-rich palvomofiora.

SviHir LiMeEosE

_The Syihel Limactome & the next onit
in lhe sequonce after Therma Formation
and constitutes the middle purt of the Jain-
it Group, 0 appenrs at 1100 km and
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conllnugs up to T2E5 km, where it is
overlain by Kopili Formation.

Lithafngy— This [ormation 5 made ap
muinly of frmestone with thin ellevnaliong
ol sandetones. - On |i1|1El|uE.iI:'IJ gj'nu:u!, thia
lormndion e civisible inte 5 memberi,

Lakadong Limesrone Mengher — 1615 made
up of grey, (ossiliforows limestonss ond
conformably  overliss the sundstone  of
Therrie Formation.

Lﬂ'.ﬂ'ﬂ.ﬂfrlrllh' Sandifour dfenibos I ronsists
ol fine 1o coarse grained, hrown-grey sand-
stone, This sandstone s very much similer
with the sandstane of the Therrn Formation.
Meger 111 km, o 100 m thick coal seam,
overlain apd wnderlain by sandstone was
ahserved within this mainber,

Umlaiodor - Limmesiore  Mensher — It in-
cludes hard, compact, grey and brown,
Tasselilfepoun, Hmescone with thin sindstone
bands,

H|ra'pt.rll'r Somdvtone Mepmher li eonslsts
ol pinkidh-white, grey and black, mediom
bo conrse grained, sanditone with caleareoos
hands.

Prwry  Limesiore Member — This s (he
youngest miombor of Sylbet Limcitone and
consists of ETTY foeaalifgrous lomestane.

Nawire  of  Uenbdei — The  sppermost
momber ol Sylhet Limestone, Le. Prang
Limestons Member, s gverlain by the Kopth

Formuotion at 1243 Em. This conlict 5
conformahle
Fossil  Camboamia A neh  Tormminilferal

pagemiblage W recorded in the limestona
hids ol thes formation including M difes
spp., Alvendina sp., Lockhartid sp., Ranl-
kothalie sp., Discecyeline sp., Awiing sp.,
ole,

Plant  megafossls From  this formation
are nel known.  During the present fisld
excursion  the awthors coliected o large
pumber of reck sgmplos From his formation
for palvoological investigation. The ana-
lysls of ihese samples has proved the
prosence of & polynofiorn.

Koosn s FinisgaTiom

Kopili Formation s the youngest strali-
gruphic unit of the Jiotw Group. The
exposares of this formglion were obsarved
batween 12835 kmognd 140 km.

Litholoey — This formation s mude up
ol grey, fiia fo very ling grained, massive
to lpminated, <ompacl, sandstone allef-

LITHOSTR ATIGRAPHY OF TERTIARY SEDIMENTS 0

pating  with shales,  Lenticulpr bands of
limestanes and colcareois splintery shales
occnr at the base of this (ormoticn. The
ahale presems  ellipsordal lamionted, con-
cretlanary structures, Thewe sirvctures dio
not disturb the original bedding and there-
fore appear to be post-depositional.

Natwre nf Confact — On b uppsr Timit,
this [ormation is conformably overfain by
the prepavesus Lobsong Formaetion of Baal
Group  This coitads, etposed near Song-

ur (140 kmj, is prclational. The critorix
or distinguishing the Lalsong Formation
from the underlying Kopili Formation ars:
(i} the sundsione in Lasisong Formation
th goafser and thicker than that of Kopili
Formation; amd (ii§ the amount of shals
i+ much loss in Losong Formation whils
in - Kopilh Formuation shale occurs - almost
s well In amowsnt oy sandstone.

Foendd Confends — This formation s
devord of animal and plant megnfessils.
Soin and Sah 1974) reported the ocrorrenos
of 20 spore-pollen species (rom  this for-
mation. O (hese,  pleridophytic apores
{6250 show do niniande over dnZiospermous
pollen (ATUL) Many mern wpecies ol
spyrgt-pollon have been recorded by the
press b aothors,

ARALL GHOLE

The gevsypnclinal lacies m the section
burpins: with the Bamil Ciroup south af the
Drauki Tenr Fault  The newrest exposures
of the Eccene Disang Group of geossn-
clinal Lacles are 3 bm from the road and,
therelora, they could not be studied. The
Barail Girodp s represenisd by Lalsong,
Jenam and Renmil lormutions. The rocks
of this group are very thick and sieeply
dipping and are ¢iposed 1 road cutfing
betwesn 146 and 1475 km,

LamoxG ForMation

The Lnsong Formobon consfitutes the
lowae, maiply orepeceous, part of Barail
Group and s exposed between 140 1o 1433
km, The rocks mre steeply dipping to
ahmont vertical

Litholpgy — The lormution & made up
of grev, very hord, thinly beddsd, very fine
to medium gruned, sandstope alernating
with subordingte hard, sandy shale and
imtralormationnl  copolomerals, Massive
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wnd  moderately  thick-bedded  sandstones
are also ¢common.  The shales are senerally
T b na s s,

Natere of Candeet — The uppsr contuct
of Labsong Formation with the overlving,
mainly argillpceous, Jenom Formation is
conformuble.  This contact is oxposed &1
143.2 km, where thick shales were ohserved
overlyving the sandstone,

Fassll  Cartents — Memifossils — animals
of plenls — are not foand in this formaticn
in the present aren. Soin and Sah (1974)
recar the vocurrence of W spare-pollen
:IEICK’&L‘:E- from the entire sequence of Barail

roup, However, they did nol give the
rssemblapes of the different Formations
eof  Barmil Crowp  separstely, We have
pleo  recovorgd @ wvery mich  palvnofonn
from this Toemistion

Josam Fomsas s

It constitules the middie part of the Baruil
Group ond is expossd belween 1432 and
145\‘- km. The lormation s conspieuous
being  argillaceons  balween  aremicecus
underlying Lusong and  oveslying  Renji
ormations. The shale beds of this [or-
mation are thek aml sieoply badded.

Litholegy — Tha  Tormatien i mainly
argillpczous nned s made vp o shales and
sandy shales with fing 1o mediom grained,
massive 10 flappy sundsiones.  The shoele
is - genetally car nﬂ.mmi und leavhed with
irem. The proportion ol shake s much
more than that in Luisong Formaion whils
sundstons beds similar to thoss in Lotsong
are thinly bedded.  Streaks of coal oceur
piomg the base of a lew sandstone bands:

Moteee of Comtact —The Jenuwm  For-
mation passes op ol the Reng Formiticn
near 436 km. This conlact s also cons
formabs.  The contael wis marked where
thickly bodded or masive, lerroginoss
snndstone of Ronp Formation firet appenrs,

Fossid Conrents — During field work, no
plant or animal megalosstl could be ob-
served in this fermition. A palvnoflor
from thie formuation has heen  recovered
by us

FEsn FromseaTias

The Renji Formation forms the opper,
mainly arenscesus part of the Bamil Groop
mid Boerposcd belweon B3R and 1473

km. 1l shows steep dips ranging betwoon
36 to BT degroes in south-west direction.

Litholagy — Ths  formation i - charac-
terizad by thickly beddod or massive, fne
tor pedivm grained, haed, forruginous, eoce-
sionally cross-bedded, sandstons with olter-
nation of thin sholzs, The shale is mostly
carbonnosiws.

Niture of Candget — On {ts opper limit,
the Ronji Formation 5 unconformably
owerbnin by the Bhoban Formetion of Ssarma
Group. This contoet was marked near
1475 km, betwesn Somapur and Umkmang.

Foasil Cowtterts — Moo plant or  animal
miegalossil could be traced in this formition.
Howevar, the palynoforal stodies on fhis
Corrrmation, baing carried out by the walhors,
have proved thess sedimenis rich in paly-
nabossils.

SURMA GROLT

Menr 475 km, the Renii Formation,
the upper part of Barail Group, is overlain
by thie Bhuban Fermation of Seema Growp,
The Surmie Group appenrs of  147.3 km
and continees up o 180 km. This group
ta divisible ipto two lormations.

BHuRAN FoRMATION

Thiz farmation constitules the lower
part of s Surmp Group, 16 s, bn gensal,
mainly arenoceous except in the middle

il owhoeee it s made up of hick shales.

his formation s continuoosly  expossd
betwesn 1475 and 1775 bin.  The rocks of
this lormation exhibit steep southerly dips.

Lithofagi — The [ormation consists  of
hard, very fine to medivm graiped, sand-
stone alierpating with shales, The middle
pirt of the formation 8 more arallaceous,

On lithologicgl  grounds, Soxspa (1981)
divided it inte Tollewinge 3 mambers,
Ligkhee. Mopiher —- It & made up  of

thin to fairly thick beds of fine to wary
fing graingd, fuwn, grey or brown sandstone
with subordinate shales. The shales are
it places carbomsceons.  This member s
continuoualy exposcd  betwoon  147.5 and
1510 ki

Clnkfang  Member = I8 s made up  of
thick shale beds with brown, fine lo
medivn and - oceasiopnlly  cogrse grmned.
thinly  bedded, lenficulir sandstones and
a [ow thin intraformatbonal conplomeraies.
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Umkinng Member 15 continunusly exposed
between 1510 and 153 km,

Pong Mepehpr — T consists of grev and
brown, very fine o medium grained, often
urgillaciyus, fmirly hoard, sardstope alier-
nuting with thin, sandy and corbonacedus
shales and 5 excollently exposed belwesn

155 and 1773 Em.

Notwre of Comioer — The Hhwban For-
mation pissss cinto argillacecus  Bokahd)
Formation near 17705 km. This constact
15 conformable

Forgl  Coaternts — Mo megafoasi] eould
b recoveresd drom this formation of the
present section.  Study on padvnofom from
these wediments 1= being done by the
wulhors

Bk agn. Formamosg

This formation constitutes tho  uppar
part of Surma Group.  In contrast to the
wrckerlving . Bhiban  Formation and  over-
Bving Tipumy Sandstone, this Tofmalicn s
mainly wn argillsceous one  The Torma-
tion is poorly expored between [77.5 and
180 kim.

Eitholog) — This. Tormution Is made up
ol thick :u.nl’ly sholes with ahieromtions ol
wharsy fino Fu.lnnd laminaled  aandelone.
Coprse sandsione is occosional.  Alternat-
ing kiminae ang st thimes very thine Coarse
ferraginous sandstons reported elspwhere
Trom this formoetion was nol obsared in
the sectivn,

Maoiyre of Contace The Bokakl Forma-
tiom s averloin by Tipaom Sendstone,  The

comtact  batween  the wo seems to e
L‘:;r:l'ﬂrmuhlu and ©an be obborved nedr
1 k.,

Fosxil Coneornty — The [ossils from this
fotmation of the préssnt section are not
known.  Fresh sumphes collecied rom these
sediments by the authors have proved (o
biz rich in pulvnoailon.

TIFAM RO

Mear 180 km- the Tipam Group overlies
fhe Surma Grodp and continues Lo be pooriy
paposed up Lo 182 Km where Fecent alluvia
covers if. The Tipaom Group is divisthle
inte 3 formatignss (i1 Tipam Sondstons,
(i) Girggan Clay, and () Dupi Tila
Formation, In the prossnt section only
Tipam Sandstone 5 exposed

Tream Sivpsrone

The Tipim Sandslone constilutes the
lwer part of the group.  Poorly exposed
secliments of this formaotion were observed
betwesn 1HD and 182 Kin.

Lithodagy - Tipam Sandstone consists of
Brows, medinm o fmirly coarss, occasionslly
gritty, ferruginous, sandstone with numesous
thin partings of shale and occasionally of
modarately thick shale gnd sandy shale.
Thin bands and sireaks of lgnine coal alss
cecit in fhis Formation

Maneee wf Courtact — The upger part i
covered by Recent alluvia near 192 km
and, therelons, the nature of the ugper
contact could nod be  studied.

Fourl! Costtenrts - Although elsswhers, the
Tipam Sandstane s reported (o wvield a
good amount of fossil woods, but in the
present section not g single Iossil specimen
could be recoversd, The lormation is de-
void of wmimal fossils oo,

It has already been stated that the upper
rart of fhe Tlpu_m Sanidstaie 5 pot exposed
glong the road, The other formations of
the Tipwm Group, viz.. Girujan Clay and
Bupi Tila, being covered by Recent alluvig,
could o1 be observed.

RECENT

The Tipmm Sandstone is deectly overlain
by Recent allovin fewr 182 ko, which cons
tinyes wp lo 194 km, where the Bhuban
Formation 14 [I!',l.‘l:ﬂ 2 aned,

Lithology — The Rﬂ:unl deposity consist
of wlluvis mainly deposited by Barik River.
It includes =andy ssil, kankars and
oecasional pobble hads,

Crrgunic  Matser — The alluvia conmsain
Recent  organic remuing, like oo, stem
and leaves of plants, smaller invertebrates
and bopes of vertehrates,

CONULLSIONS

The preliminary observations, made on
the Tertinry sodiments caposed along Josimis
Badarpur Road Scction, laad 1o conclude
the Following:

I The shelfl (Polecocenec-Eocene] and
peosyrclingl  (Post-Eoceng)  sediments  pre
geparated by Dauki Tewxr Faolt. This faull
crovses  the swection ol Soropar and i
responsible for bringing oul the sediments
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of shell and possvochingl fooes o justs-
pqmtmn without Eny iransitional 2one.

2, The Thermn tnrm.ﬂlﬂn shows  low
tofling - dips towards souih-cast and consists
of many coal scams moging in thickness
from lew contimeires to ae thiek ws 1230 60,
It indicates that these sediments wens dp-
posted nnder shallow spter constal environ-
mznt which was receivipg sufficiznd vimetable
matter for the formabion ol ccal seams.
The pulynoflor recoversd from ilwse goli-
ments ales supports fhis conteniion.

3. The Syl Limestone consists alternnie
limestone and sandstone bads (the limestone
being thicker and mors dominant), 1t
®oOMms 0 ropessent  the  calcprenus: ahell
facivs. boing doposiled o o {ransprcsaive

'[1.25-5 The prejenos al fntu.mn':lﬁ:m 11.r:||:|.

wtrichosphaerids  (nuthors’  unpublished
data) avie the s pc:ﬂll'lp; evidenes,

4, The Kopili Formation s made up of
typical samdstome and shale  aligroations
nnd for thes reason U sosomsiimes relored
T Ht‘rpili Alternation Stups* Thess beds
frequently contain ellipsowdal sructures, as

fomp ms | m. Siace thess diructures do wot
disturh the priginal bedding, they may be
inferred to be posi-depositional.

3. Harail and Surmp groups  represent
the geosynclinn) facics, being much thicker
tham the shell sodimonts gnd show ulwp
il st hwnrdls

B The Tipam Coop & represanted only
by Tipnm Sandstone while other [ormotions
ol this groap are probably  covared by
Recomt aliuvia.  Tipam Sandsione is poorly
.u.l.u.-:-arj and ennugts ol I'qrru_[l:innusn_ rimble
sandlstones indicating 0 regfessive  phase
of depoiitional  epvironmwnt and o drey
elirraite,

T The Dpuki Tear Fault |8 the main
sifuctural femlure o tho present aren. 11
ph’.ln]l.l.br!d i kmnsh EHn, h'm.'in]_'r morth  of
the fault, and effecting Kopili Formation
making them difficalt 10 distimguish from
overlying  Bamil Grodp of  peosyncling
facies, While traversing along the  road,
a few minor laulis wore alis obiprved h.ﬂ
they wire Tocal and did not disturh much
the stratigraplical sting of the area
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FOSSIL DICOTYLEDONOUS WOODS FROM THE TERTIARY OF

BLUE NILE VALLEY, ETHIOPIA
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Birhal Sabhnd Lesiiute of Palaecbolamy, 51 Dmversily Bopd, Lackpew 326007, India
&
Y. LEMDIGNE
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ABSTEACH

Sks species belenging 1o Hve dEotviedosom fumilles have Seen cdeseribed bere friom
n ealleticn ol petriisd wanids muode [rom (he Terdary (Mie-Pllooine) pyroslasie dep-
sids ol the bagull pn the sputhern sdde ol Cangn in Bloe il Valley They afo
Marrmmerrrlon foanvoridey Lemosgne ermend. of Guntifernie, Covdbnbor effrapdomn . Hay.

ol Legpammosae, Sopanoyilos mealtiponoesn HE. tirv. af Sapusincead, Snerrosmeein i ihon
&

aberniarirsmn e el mp. new; AL

wfl ap. ey, of Bignoniogene and PFifeys

aapion afieanre . oy, of Yierbeanesae,

Eepennnds — Mylaomy, Dicaby hedond
Hiocene, Effiopia.

i laewil woods, Hlue Rile Valley, Mio-

AnE
T = A o F s g { e s - e e e aas o

arEs

e

o T T b & e am & ey pie (weeeew o) aEeT § st
Tersier. i1 oofa e T T e T RTINS AT 5 i e F

Fov & o # §leelediriy Tl
w5 qiiy, domEd) o SrefEmE edEEmy

BrEy s, AqfEamr 41 Fwhem shodieg
wax A3, Farfemft 1 Sfaemiaiety -

ttyglerifafirrs oo worfn o or sorfr, e qragerd mr wrls oo sabods g € aredadd-

iii{lﬂﬁfirrqﬂnfﬂitl

INTRODUCTION

FEW wyears apo, one of ws (Y.

Lemoignah m a lorge collction

of Fowsil  angiopsermic. woods [eam
the pyroclustic deposits of the basalt on
the southern side of Canon  bhetween
the village Goha-Tsion and the bridge over
the Blue Mik: River in Ethiopi.  This
locadity is about 200 km north-wesn of Addis-
Abdba along the road o Debré-Maroos
in the proviece of Shoa {(Map 1), The
siratigraphical sequence  (Texifig. 11 of
the rocks seen in o section of the Canon
overlvoking the bridge on the Blue Nile
River is described below:

1T = Bagall and pyrocisstic depogils —-=-

250 m

4 — Prismitic hasult - --- 70 m.

b— Pyroclnstic -~ doposis:  Yellow
aabes with angioapermic Tossil
winiids - - - - 35 1,

e Vostculons hasali, with pypoclaciic
intercalations containing angio-
ppsrn Tossil  woods amd  Jeaf-

mpressions ---- (40 m.
10— Sandstones and shakes (Upper Sand-
stone Faormptionl---- 15 m.

= Yellow sandstome
b — Red and green shiles.
B Limestane and marls (Antide  For-

: mition) = - == =341 m,
a
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BOUDAH

< KEMTA

BOMALLE

TEer-Fies. | — Maop of Ethiopia showing the location of Goha-Tsian Village und the nearby - Bloee

Mile River,
;— Ruq:nfnl ]lmdﬂ-tlnnﬁ!l ﬂhm
— Altermnting hmestone gnd  grey
matl beds--- 120 m,
£ = Caleareous marls ---= 81 m.
d — Marls and yellow and red shales
with interbedided calegraous sand-
stopes - -« « 100 m
B — Shales. with inferbedded  sindstones

and pypsum beds 1o the lower part
= === |9} m,

T — Brown gypsum with infercalation of
dolomitic imestons bods in the upper
part, wnd of marl or sendstone beds
in the lower puarl=-=« 2200 m.

6 — Variemied shales ond sundstons == «-
=== 100 m.

8 — Red and 0 sholbes coniaining
crystnis of gypsam

b— Red and pink: sandstone beds:

£ — Grean shales

d — Shale snad sundsione beds,

5 — Fine=grained  sandstones  (silisfone)
s ) m (upper porl of Oidisrat
Sundstons Fororation).

i — Sandstones and conglomerates (middle
part of Mdigral  Sandstone Forma-
tion). Hod or ponk sandstonss olien
with cross boddbsgs, silicilod wodls
i Lti‘:-ng]nﬁ!mmﬂ =|1n'|.'."in_|1 ArUCnrun
siFaciuee - - = = 1501 m.

3 — Sandstones and shiless--- [20 m.

— White sapdsione {with plgat impres-
sions) - = - - more than H m

| = Precambrinn rocks (oof visible pens
the bridpe, bui visble pnone the con-
fluence betwesn Mugher and Rlus
Miled, :

The voleanig deposits {Bed no, 115, which

represent the oppar part of the Bloe MNile

reCh sequence, contaln the angiospermic
leal-impressions  and . silicibed  wopds,

The leafdmpresstoms are copfined o the

fower purt of this depesit apd are preserved

in the pyroclastic infercalations, while [oesi]
wirods oocur abundantly in different pyro-
clastic beds of the basalt (Bed nos. 11 b & o),
Afthough mors than 200 specimens. of
fogsil woods were collacted, only o Tew
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Tixt=Fig, 2 — A sootlon of the Casion nesr the
bndge o the Hloe Mile River

are well=preserved and could be worked
oul, The cnes included in this poper show
resernblance with the medern woods  of
Murmmer of Guitiferse, Cosid of Leguimk-
ThOFEELY, .Eg'ﬂwmllu-q'rﬂrmrl._ .F.'r'.q‘.mlm ard Marfdi-
mia o Bignopincens, Firer ol Verbenaceas
and fhose of the family Sapotaceas.  These
are dedcribed here as Momnrenxplon lanvre-
ofiry Lemoigne (1978), Cassinfune efliopd-
FINROSpL ROY.,  Sepntarvles  rlsporasing
pe MY, Stereesperines) e coacipna e
I #en. e sp. hav 5. gu-'-ulm.'.l-.':lin'
sp. mav. and  Fuevoaxilen  pfricomm ap,
ey,

Although o nch zssemblage of plants
has meently besn worked oul front 1he
Tertinry  woleanic  deposits ol Welkiw
(Lemoigne & Beauchamp. 1971), [Yre Dinwa
(Beauchamp & Lemoigne, 1973, Debre-
Libanos { Beawchamp, L:mquw. & Peirescu,
1973), Mush "-"ullt,'-' Maoluke, Debre-Sim,
pndl Woendo  (Lemolgne, Beauchomp &
Bamuel, 1974} and Omo Valley (Dechamps,
1976 Lembigne, 1978, the present siudy

on the Tossl wonds of Blue MNils Valloy
Forms the first recond of the Teetizry plant
remaing fram this gegion of Ethiopia. Tha
mpe of the pyroclzstic deposita embediding
the petrified woods 5 mose porhahly Mo
Pliocene 45 5 also evident from the closs
resemblanee of [ossil forms with those of
the living laxe.

SY¥ERTEMATIC MFESCRIFTICN

Fanrmy ClUTTIFFR AT

Gemid — Maommengelon Lemolgee, 1978 cosemd.

L. Mowrresxifon famavoides Lemoizgne, 1978
M, 0 gy |, & K6

In 19TH, Lomaigne described  Afamoe=
X1 Tor damieaides [rom the Terbery of Omo
Basin in Fthiopin showing s Llﬁnll:.- with
the extadt penus Moo of the family
Guttiferas.  In the present collection of
waords wo found anofher wood which showy
Closeat resmm blancy with Mameien, espesially
wilh wn Alricumn species, Ar .-.!-Il"r.l'.;'qu'm From
s detailed anatomical featares 11 s npperent
that our specimen belongs (o Mammerxrion
fuwneoddes, wlthough there is no menfion
ithoul the presonce of vasivenirc frachaids
pod bordosed pits in the fibres of fossil wood
deseribed by Lemeipne (1978} which aure

churocteristics of Momeen.  Besides, the
mum  cannls have not  bern  ilfustrated
¥ 5 author, Therefors, 0 1% desmed

Aetessty T give Bece g wall=llustrated
uccount and emended d:l.ll.r;n{:a.i.\ ol M e

axelan  fenmentdey based oon the prissent
specimen _
Tepopraphy — Waood diffuse - poreus.

irwth rinpy indistinet,  Vessely esclusavely
solitury, mediom o large, showing slight
tondency towards obligue srrangement along
rudinl lines (PL 1, fie. 1) about 615 vessele
por g mm: ivloses presenl.  Fasioeeafel
frachefdly present, idermingled with parn-
tracheal purenchymn.  Forenchema paratta-
wheal -amd  apetranchesl (PL 1, fig. 15
pargtraschesl purenchyma scanty, only o fow
cells ssepciptad with the vewsels sceasionally
formmng incomplete sheath roond the vessels,
intzrmingled  with  vascentric  frache:ds;
apotrochesl peranchyma diffuse 1o diffuss in-
mEprognts (PLOT, e 1, occasionadly Torming
short, uniseriate Times,  Yoleor waps  fing,
-3 (moetly -2} seriate, those confaining
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horizontal gpum conals 45 seriate (P11,
fig. 3}, about 442 cells in Beight and 6-12
por mm; roy tissue helermgoneous: unise-
1"I|.|.1-tr rn}st qu.ll:l: 1r¢a:;||4;:|:|11 mm.lhe |."r|:|1'|1'|n'.'|:d
whally of uprght cells; bsernie and frise-
riple roys beferovellolar, consisting of one
to saveral margmal rows of upright cells
al both the ends and procumbenl  ells
through ihe mwedion porbion (PL 1, figs
3, 5y oend Mo end ray Tusion often seen.
Frocheily olipnod in radial rows betwern
the wo consccutive aylem ravs, G cenals
hurimnt;ll, ocourring n broader rays (PL
I, fig. 3.

Elemenis — Feavadv clrealnr to oval (P11,
fg. 17, td. I05-2R0 ey v, 105300 j@m;
walls #-12 um thick; perforations simpls,
nearly horizentnd (o obligue ; vessel mombess
op to 40 wm in length,  Varrentre trockeios
16-3 pmoin dipmeter, length almost same
a5 of fibres; pits arcanged in two rows, 34
pm in dizmeter, with cireular or oit-like
orificos.  Parenchimg célls croular fo lan-
pentially glopgated, 24-32 pim o in dizmeter.
Ray cetls both ||.rriph.l and procumbso ;
upright cells (L fig. 51, 40120 pn in
tanpantial height and 60 um in radial
length: procumbeant  cells 16-32 am in
tangentind height and 30-160 wm in radial
lepeth, Fibre-rraehelds thick-wallsd, angular,
mostly  hexpgponal, 12-32 um in dizmeter,

nomseplate . pHs  berdered (FLO1, g 6,
phout 24 pm in digmeter, with «lit-like
ofifices; G eoef ovial (PL L fige 3%

BO-240 e in diameler.

The genus Mampiea 15 distributed (n the
tropical regions of the world, One species
13 found m fropical America, Weat Indiea;
one o Alrice, M v Madapascar, and 17
species in Indo-Madivin and Facilic regions
(Willis, 1973, p. 709),  Mameea qfeican
Sabine, the nemrest modern equivaient of
tha presond Tossdl, is found m wopical Adrica,
1 Sierrn Leone, .I'!v.nEnh:l and I-]-u'||5iun C'uﬂ-gn-

Eurnnrn GENERIC T8

Mermmenxylor Loamoigns, 1978 emend,

W difTinie L. ferovipily rimgy ine
digtinet.  Fewrely small to lorpe, exclugively
solitary, thowing slight tendency fowards
oblique arrgipement in radil lines, tvlosed ;
perforativns simple, plates nearly Juisontad
Lo uhhql.u.'l Vasicentric  fraeherdy .|1I.1I'|TIIT.|H
sheath arpand the vesele: pits bordersd

arrenged i veriial o orows.  Parenchivma
mosily apoiricheal, Jiffuse or  diffuse-le-
mperegste, somalimes forming shorl  anise-
riate lines, occasionally paratracheal. inter
mingled with vasicentre tracheids.  XYelem
ravy I-5seriate, browder rays with horizontal
pam candals; ray asie heterogeneods:  Fibee-
prathedily anpular or esagonal, thivk-walled,
ponscpiatel  pits  bordersd. G crmaly
horiconinl, sccormng in msllseriale Hys

Evrspro Seccire: [3ACHNORE

Martreoxvion lanpeoides Lemoigne, [978

W difficse-porous,  Growth riigs in-
distiet. Pesseds medium o lnrpe, excluwely
sofitury, earaly tending to pronge in ohiigoe
radinl Tinos. t.d, 105250 pm, ol 105300
am, Br15 vessels per-sg tmm; 1vlosss present
perforniions simple, noarky horizontal to
phllgus,  Fexfeemicle  fracheldy  forming o
shoath of 1-2 cell pround the vessels; piis
lsgding 10 wessels bordered, arranged |
vertical rows, 2-4 wm in dinmeler with shit-
like  orifices. Parenelyma gpotracheal,
difuse or ulh‘um::—iu-aggr:gulr, occasiomally
forming anincciola  lines, =02 lines por
mm; paratracheal porenchymu oceasionally
prosent,  infermingled  with  vasicentric
tracheids- Kol rays -3 (mostly  1-2)
serigle; those contining honzontal aum
connls 4=5 seripfe, 442 cells-in height z ray
tissue  heterogeneous; uniscriate. rays [ro-
gquent, mos by homocellular, composad wholly
il uﬂriuht cells; multiseriate ruys hotero-
cellular, consisting of one to severnl murginal
rows of upright celld and rest procumbent
cells,  Fikre prachicas anpguler or haxaponal,
thick-walled, nonsepigte; pitd bordored, 3-4
wm i dinmeter with shit-like orifices.  (Fen
ey horizontal, eccurking in broader rays,
pyal, 8240 pm 0 dinmster,

Specimen. — NB&2, Palaeobotiony  Libo-
rafory, Lyon Upiversidy, France.

FaMiny — LEGoMrsasan

(romps — Cosvindicen Prakank, FFFE

2, Coyslndvm elgycem Sp. oY,
PL 1, figs 70 PLO2 g 1D

Topography W renid
ferowih ritnge nol seen,

dilTuae - porows,
Forredy sgmall 1o
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mediumesized, solitary anmd in radial muol
tiplos of 3-8 {mostly 3-3), evnly disiribuled
(P 1, e T about 15-30 vessol per s
mm: tyloses absenl,  Pereachinwr  para-
irachesl, banded. bands reguler and some-
what wivy, campletely enclosing the vassals,
pomaiimes Lmastomosing or kiurcating ancd
joining with those of adjscent vessal (PL
I, fig. 75 36 (mostly 3-4) senmte, nbout
§-6 handy por mm. Xvlem ravy |4 sermte
(P, 1, N ¥h 5-27 cells i height and 7-121
per mom, ray lisase  homioponoeous,  rays
homocellulir, consisting ol procumbent colls

iPL 1, fz 9y Fibres ahgned nearly in
radinl lmes between the two Consecutive
ravs:

Elommiy Vessels circulur or oval (PL

1, fg. ), thuse of rodial muoltiples slightly
flattened at places of contpct, t.d. 30-160
am, ra. 35055 pm, wilks 610 o perlom-
fons sunpk, nearly. honzental (o obligue:
vossel members 100-375 am in length; mnter-
vewal plis medium o large, 610 mmoin
diametor, alicrnats, bordered, vestured, with
lenticulor ppertures (PL 2, fig. HH; vessol-
parenchyma  wnd  vessel-ray  pits  slightfy
Ripper  than  inkoreesscl  pils. Paccsefrme
.mﬁccir:uhr, M40 wm an diamefer; ory-
stofliferous stronds abundint, divided into
seyernl locules containing solitary cryrinld.
Ry cedly ]-u':mlmhtnt. IZ-20F pom b Eamgen-
timl height, 24+ 100 wm i radie! lenpth. Fibvey
sami-libnform,  thick-wullad,  nonsspiote,
nearly crcular, 8-20 pm in dlameter.

Affinities — The most imporiant featurey
el the lvesil wood ace : vesssls small o mostly
medivm, solitary and o radial multiples,
infervesse]l pits vestured ) parenchymn pars-
tracheal, banded; rays 14 serate, homo-
collulur  and  fibres  nonseptate.  These
features collectively abow its  resamblanca
with the medern woods of Crmesmeten and
Classio ol the fomily Lepumincsas.  How-
gver, considering nll other angromical details
Cmomeired enn be differentigted Trom i
Cipe of the imporant differences is that in
Cpwormeiea the aybem rays are hetarocel fulisr,
copsisting of 1-2 mareingl rows: of upcight
cells, whersns in the present lokal e xylem
ravs are homocetlulir consisting only of
procumbent cells.

Dhstsiiled comporative stady of the fossil
wigs e with the thin sectloms o & nomber
ol 1'|'.|p|.'-i|u.-| ol Corale, w1z, Carvle afata L.
. ambrevilfed Pallege., O aueleafan 1, 0O,
Sivme L, O prnteliy Lo, O faweriva L, O

FOSSIL DICOTY LEERINOLUS WEHNDS FROM ETHIOH LA a7

.rr.lq'rr'_g-p'fu willd, (7 errgimatn Roxh, L
marntmry Heyne, O dedese Buch-Ham, =
Beab, O siomwen Lam, and S, fiworiersis
Db, C Besides examining the thin seclions,
it was slss compared with the published
description and figeres o a lew other specie
of “ Cassia, OF thew,  Cossir  gabrevilled
shows simmlanty wath our fossil,  Howaver,
the present Tossal shightly differs Trom i
in having comparatively thinner parenchyma
bands and smaller vessels,

Fossil woods  resembling  the moedern
wiooids of Cusin are placed undsr the genus
Caxvimimn Prakash (19751, Soforsiy species
of Cassinfpm are known from the Neopens
eocks of Indin (sec Awasthi, 1979, p 1640,
OF these, Cuassimnom boreeshil  (Prakash)
Prakash { ~ Cavstexvfin ool Prukash,
1966} shows pross resomblonee with  the
preseat Tossil particolnely in having banded
parenchyma. Howewver, therg am soma
sigmificant diffzrences in their anatormical
features which differentinde them from ong
ancther.  Tn Cassindam beraopfili e vessels
aré medium to lorge (Ld. 130330 um;
ral. PRO-205 amb amd 2-d per ag mm, wl
the parenchyma bands are relativaly broador,
La. more than 4-8 colls in widih, whereas
in the prosont lossil the vessele are simall
to medinm-sized  (Ld, 3M-160 gy rad
25135 pm) and about 13230 por eg min
nnd the parenchyma hands oro pbout 3-6
{mostly 340 cells in widih.

I wiew of ity closcst similarity with the
woods of Carsia, the present fossil is placed
under the penuy Cpangrinnn Prakash,  Since
s dilferent Trom all the spedies of Cosil-
glge, it s named a8 Cestledun eifdapicaan
SN B0,

The: penus Casig consests of - SE-600
species  distributed in tropical and warm
tenperate regions eacluding Furope {(Willis,
1973, p 2010 Aboat 26 species are Tound
i tropical Africa,  Casel el Pellegr,,
with which the present Fossil shows closest
rtemblance, grows In palche: I The denss
forests of Ivory Cosst and Céntraf Congo
(Mormand, 1930, p. 125,

SPRCIFIE ER AR s

Coasiinfuin elhifapicion sp. nov.

Wapd  dilfuse-porous.  Srsih rlagy not
gocn:  Pessels small to mediom, salitary
o in onichial muoltiples of 2-5 {mostly 2-3),
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ghout 15-30 wessels per 2 mm,: vessel-
members about W35 jumoan heioht; miter-
wessel pits medium o large, 610 am in
duimeter, vestured, alternote with lentiealar
aperivres.  Parercd ysag paratrachenl, handed,
bnds régular and =omewhatl wavy, seldom
hll'url:'.:lmz wnd _'|I.'I'|rI.IﬂE with Chose af
adincent vessels, W& (mostly 34} seriate,
aboul &6 bdnds per mm: parenchymo
drands  crysialliferous.  Yilesd rmvz |4
serinte. aboul 4-27 cells in helght, 7-12 per
T :  Tay tissue harmo SRR, rayE homioe
cellular, comtisting of procumbent  cells.
Fibrey  semilibrifomm,  thick-wnlled, non-
weptale, small, about 5-2 sm in digmeter,

Haiorype — MB35, Palicobotany  Labora-
tory, Lyon University, Fronoe,

FaMiLy — SAFITACIAE
Gienmy = Sapotovylon Felix, 18562

Y. Saperoxilan mulriporosun Sp, noy.
P 2 dhgs 1515

Toparrapiy — Wiand diilinse - porois.
Grawdh rimps nol clearly seen.  Frawdy small
to mediumesizad, mostly smoll, solitury snd
mastly in radinl  omualtiples of 2-10, oom-
sionully wp to 1K, exhibiting short <haln-
like satructares, charseterisfically groupsd
together in obligue radial lines (PL 1 figs
12, 13} forming wxig zag flame-like pattern,
ahout 60-120 vessels per. s mmy bvloses
present, Thick-walled,  vessels also  filled
wilhh whitish erystalliferous contents.  Parl-
ceveteie frgeheldy securring i the immediate
vicinily of veisels and vessel groups (PR 2,
hg. 13) Paremchyma paratracheal and
apotrochenl, the former scanty, only o few
cells assovinfed with the vessels inter-
minﬁnd with wasiventric tracheids. while
the lalter Farming muode of less looms, wavy
s well =s  straight, repular lines. 1-3
{mesthy 1=2) seriafe in width (PL 2, fig. 130,
about B-12 lines per mm. Yylew rave fine,
1=2 serfie (P2, fiz 14h T-45 cells in
height and 1522 rays per mm; ray fissue
heterogeneous, rays hoterocellular, coasist-
ing of procumbent cells through the median
porfion and pne-several wniseniate marginal
rows of wpright cell sl both the ends
(Pl 3, figs 14, |5) Fibres aligned in
madial rows beiween bwo conseculive rays.

Flewrmty — Vorrsly direular 1o oval, those
in multiples fiattened af places of conrtact,

L, 48-100 pm, e 32-120 wm; pecforas
Lions . simiple: vesss] members fruacale or
attenately tailed. usually short, 60440
prt in lengih; II'Il-I:!"'.'-...'.-"-':"'] pits smull fo
micdiom, 4-6 pm in diamezler,  crowded,
wliernate  with  smmll, cirvelsr gpzoriomes
(PL_L fg. 10} pis leadiog to configuous
wakicentric  fencheids  almosd  similar fa
intervessel pits; pit lesding o ray cells
slightly  bipper  than  inlervessel  pits,
Faslcentele  Tricheddy shghthy  bigger than
fibres, wsuafly with 2 rows of bandered pits;
FMm'ﬁ_rmu rrrdly anmulnr or roufded in
cross seetion, AL um o diamat=r, opbil-
tration dark. Ray ol wpoght ond pro-
cumbent; upright cells 64100 gmiin 1nngen-
izl height, 24-40 um in eadial lenpih) pro-
cumbent oclls 8-24 um in tanpential height,
Hi-160 pLIT in radmpl ||:~r“;||'|, Fibeves libr-
fiorm, thick-walled, nonteptnte, anpolae in
cross section, small with norrow conastricled
lumed, gbout B-12 gm in digmeter; pits
mivl Seep,

Affinfeies — The abowe featwres of the
fossil cleasly Gl thut it 05 o sspataczond
wioaid, The Tamily  Supsstncens, on tha
whale, b5 guite hivmogeneous in wodsl sric-
ture. There 15 hardly noy characteristic
feature in the woods which can be of
Mingnostic valoe in the gening distinetion,
Howwewer, they cian be distinguished oaly
in crrbein cases when all the chancters of
the woods are faken inty consideration
collectively.  After examining the availihle
thin sections of modern woods as well as
published  description and illustrations of
guite #1 aumber of woods ol this Family
(Desch. 1954 pp. 538-555 Knbs, [95%,
pp. 146-151, figs 300-314, 435464, Lecomle,
1926, pls 63-6d: Metcalle & Cholk, [95],
ppo B75-R77, fAg. 200 Mol & hueseniss,
PRy, pp. 233402, fgs 2592020 Mormand,
|9y, pp. ADE-320, pls 131-143; Pearson &
Brown 1932, pp. S63-088, hps 217-225),
it was found thot the Tossil shows oeneral
resemblunce with some species of Aoy
s, AfamiBern, Prvena, Hegaeerfiooemarens
i Neobolvimellal and Packvriela,

Manilkbarn and  Mimtope cxhihil some
!iguiﬁc&nl variations with fepard to The
shite arrnngement  of the  wesscls,
Tha l l.. af parenchyma and rays.  The
slee ol vesaels varies Mrom smill B lurge,
urqnpr.:d. in  loose o compacl  Eroups
“I"""F [Ihliqlh‘: maclial lines; the  paren-
chymu lines are 1-3 serimie, closz or
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ﬂ-ig'l:lf':' “Edﬂl_‘r‘ Hpu.:ud.; 1he rays ure
pp - fe deserinte,  In the present Fossil the
vessels are mostly small, with maority of
vessels being less than 100 wm in diameter,
arranged in groups psowell as along ahlique
racltal lipes; the parenchvoon lnes are 1-3
serlnte aned close ¥ :|'|"|.'.-|.-L'QI|.|., and ihe Tiys
are only 1-2 serinte From this it is evident
that the passibility of being cither Moo
of Mipsops as it modern equivalent ean
not be rulzd out, I the pature gad distn-
bigtion of vessels amd pargnchyme wad in
the width of FINYS: it in also somewhat
simikar Lo those of Poyvens,  However, the
vessels 1 Pavens are slightly bigger than
those of the fessil, In (he type and
distribution  of wessels and  parenchymo,
the [losail also shows esoinblance  with
Hrq‘m'.l.rir'm.':wrfrm'r g‘!r.mrhhl.!ﬂbhl Aalsr,
(= Napbpivinefle plomeenfiforg Aubr) and
Packestely breviper Baill,  (Mormind, 1960,
P, A9, rP]n 136, 137 However, the formisr
differs from the Fossil o having slightly
amaller vessels (e the diameter being loss
than 1) ), while the latter differs in
having rava e b d&-seriate.  Since Uhe
fosstl exhihits all the anatomicz] charseters
of the family Sapotaceae. i is pssigned 1o
the penus Sopoforidon Felin (1882),

Ha fur cight speckss of lossil woods of
the family Sapotaceae are baown., This
nee  Sapodexelon  peendation (Felix, 1530)
lrom Bavaria in south-cast Germany, Maenil-
Egroxplon difivigle (Holmann, 1948) from
the Quaternary deposits of Soulh Americn,
Mpnifcprieg e copmiefopbon and  Pinkiee-
wideveylon  Anmedy (Grambast-Fessard,
|963Y Frovm the Tpper Miocene of Castel-
lanie i soul h-sast Franoe, Siderinfion ders-
Newe Prakash & Awasihi {1970) from
the Mio-Pliceene of Deomell, Aruniclal
Pradesh, Mamifiarovplon  Bolonsicom. and
Sapodavvlon  pacliowse  (Prakush, Rrem-
novn & Awasthi, 1974} from  the Terfinry
of Seuth Bohemia, Crechoslovaka, Chey-
sapleyllaevion . rdfein Aweasthl (1977} from
the  MEe-Pliocene  beds,  pear Pondi-
cherry, Todin wnd Wadlweox won cacharonise
Prakach & Tripathi {19771 From the Thpam
Series, near Hailakandi, Assam, Al thess
species are quite differept from the presept
fosall wool.

In Sapodoypled oenkifem e viesscls are
slightly bigeer (diamoter R0 wm), rays 2-3
seruite pnd  pafenchyma lnes 3-cellied o
evern- broader, The vessels in Pulawoside

rovplon Mamouda are very much crowded
and  groupsd Torming qundrili-:.' paltern,
and the [mr:nthrm-n lines are 2-1 seripte
snd widely spaced.  In Munifhora eryatalk
fophore the rays are 1= seriate with swollen
pnd | erystalliferous  apright cells, and the
veriels areé wriunped in distinet sadial Hhes
wilhost forming mg-ene or fame-like pattorn
Similachy, in Sidleeininn  dvomalfernse amd
Madlueayvlan cae te. the vessels nre
in rudinl Tines without forming sig-sg
ru!turu and e parenchymn is diffuse or
n bniserinte lings Do 3dowlilharasplon ofie-
rfesndd Blee wossels are  mostly  losge (04
S-2M0 em, rel, SO b mnd the moys
are |-}serple.  The Frcqucrmy ol the vessels
in Sapatecyleg  pacltovae s veey lesd (24
vohsgls por sg mm) oand  their siee mnges
between TS tor 2000 wein in digmeter, pnd the
apdrachenl parewchymsa lines are niserite
only.  In  Chepsoplpilovylen dodlerm the
vessels ore large wnd the sylem s wre
1=4 serfate, whereas in the presenl BEhiopiEn
fossil wood the vesscls are mostly smaller
fi.d 45-100 am, rd 32-120 pmi, dreaoged
in dong railial multiples forming  slg-aip
paltern, the sylemy rays are 1-2 senpte and
the parenchyms is scanty parsinickeal snd
in pegular fines of [-3 {mostly 1-23 cells in
width. Thus it is s¢en that the prestnd
Fossil s guite diferent Trim all the dbove
gpecics. [t is. therefore, described as @
new specics of Sapetorpfan Felix,  Sapo-
eoxylon  mudlEpoeasii HfL. B,

SPECIFIC DiAGisos

Bapoloaplodn minlporoving S50 66y,

Wood dilfuse-porous.  Girowil g st
seciy,  Fedsely amill G omedium,  mostly
small, td. 48-1060 wm, . 32-1200 um,
golitiry and mostly o mdin] moltiples of
2-101, oceasionally up to 18, characteristically
grouped i obligee  radial  lines, 63130
vesseld per sg omm; perforplions simple;
inferyesel pits allerpate, crowded, small
b modium, 46 gm in dinmeter, with

circular apertures: Eylases  present,  hick-
willed. Paslicenteic  tracliclds few, asso-
cigled with wessels, FPavencfivia  pueaten-

cheal and apotrachenl; parotencheal paren-
eliymu lying only s few cellsassorinied with
vessels; dapotracheal  parcnchymin  Torming
-3 (mostly 1220 seértiate, almast  regikar,
straight or wavy lines, about H-12 lines
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per mm, Xl rawy fing, -2 seriate,
abont 745 cells in hedpht and 18-22 per
mm; ray lssue  helerogeneous, rays hetero-
cellular, consisting procumbent  oells
through the medinn porbien omd  ore Lo
severnl murging) rows of wpright cells e
both the ends.  Fieer libeiform, 1hick-
willed with narrow constricted lumen, non-
septate, angulor, small, 3-20 gm o diss
micler,

Halatype — MB%-Palizahiols ny  Labori-
tory, Lyvom University, France,

Faminy — BIGHsiscisl
Gens — Stercospermacylon gen, By,

§. Sreremspermox il Soaraminaiissnmm
s IOV,

PL 2 s 16, 07 P13 tlgs 18-30

Topogeapliy — Wood  dilfuse-poroas o
semi-ring porods (P12 ABe 16).  Grewdl
rirps present, delincated by relatively hipger
vessels gt the beginning of annual rings
(Pl 2, hps 16, IETJ-. Fesseli mediom. Lo
large, o Few small, those accorring al the
hﬁinning of anmeal riogs bigper in siee
(P 2, figs 16, 17), areanged in o tangeotiol
rows and produnlly prading inlo smaller
vessels towards the close of rings, solitary
and in rodiil multiples ol 2-4 (mostly 3),
ru.:‘elf.r up o 6, somelimes in double rows,
wvenly distibuted, nbool 6=18 vosels per
ngg mm; Evlones ot seen.  Parenclhpown
parutracheal, nsicentric 1o wliform  and
confluent,  enclos vessels  and  ovessel
proups  faterally and obliguely, or joinin
wilth those of n#iphbouring vessels (Pl 2,
I'IF. 17} parénc a enciteling hipoer vessz|s
el carly wood forming undulating: lines or
norrow  confluent  bande (P 2, figs 16,
170 Xdemn ey 1 seriate (P, 3, fip. TRY.
whout 530 cells in height and 5-7 per mim;
ray [issue homogeodous, rays homocellular,
consisting of procumbent cells (PL 3, hg.
19}, Fibrex prepnged in rodial rows bet=
wesn. Bwi conseculive Ay,

Flepuinly — Feweelr civcular o oowval (PL
2 fig. 17, vdo 50-320 pm, wolls 812 pm;
perforations simple, horizontal to oblique;
veskel members short, B0-375 pmoin lenght
intervessel pits mediom, 648 wm in diameier,
alternate, bordored with cocular 1o lenti-
cular aporfures (PL 3, fg. M,  vesiel

i e
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parenchyms and vessel-ray pits  slightly
bigper than inlervessel pas; yellowish in-
iltration present.  Pareachyme cofly 3=4 per
ahrwmd, ungular. oty hu:l;ﬂgumql., T|||;F||,|]'I:|'
elongatd in oross section.  Rav oells pro=
cumbend, 1624 pm in tangentinl hoght,
40-180 pm in radinl lenpth,  Fibres semili-
briform, thick-walled, somll, jingular and
-1 am in diamefer.

Affilttes —The  important  features  of
the present fossil are: wood dilfuse-porous
lo nearly semi-ring porous; vesscls  mostly
medivm (o lurge, sofitary as well asin rpdial
multiples; parenchyma . paratracheal, aliform
1o coafluent; rays =4 semate, hamooellular,
compased of procumbent cells and fibres
modernisly  thick-walled and  nonseplale,
These leatures ohviowsly supaest its affinilics
with the modern woeds of Bignosiaceae,
In the family Bignonmceae, Sterenvpernuim,
Kigedly and  Marklamia exhibit  ulmos
similur ayktomicnl Teatures as presenl in
aur fosail wood. A number of thin sections
al the wodds of These pener were examinsd
nrd the deseription and fipures of Sferei-
gpermnnr  wpeeoleny DO, 8 xrlocarpem
Henth. ot Hook. I (Fearson & Brown, 1932,
pp. TTORTED, fips 246-24%), 8, fmbedntan
DC, (Desch, 1957, pp. 30, 56, pl. 9, fig. 1),
N, wewranthemeen Bate | Metealle & I:'I'uq“-:',
1950, pp, 0310009, [y 236H), 5 acuvel-
aaticinaey K, Schum,  Kfpelle  alricoma
Beath, and Markfwgeda faes K. Schum.
{Mormand, 1960, pp, 300-354, pls |56, 13N
were  consulled.  Although it is il
to find out the exnct modern eqguivalent
of the presest Tossil, but consdering the
pture and distribution of vesscls, paren-
chyma snd rays, the Fossil pppears to be
maore closer To Slerconpernnm, particolbarly
with an Africin  spetics — Srereasperseng
wewrinatisstimarn, It hos alsoe been fownd
that in most of the cases the woods of some
of the species ol Stercospernunm,  Kigelia
and Murkhamia are so similar thal they
canmd  be  différentinted  wnaotomically.
Therelore, lor naming  the Tossil woods
resembling woods. of Srercaspermnrs, Kigelin
and Markbada which cannet be differen-
tiated easily from each olher, o new penus
Stevecspermrexidon 16 erenbed.  Sinee the
present fossil shows similarity with those
of Srereospermnwn, Markhamis and  Kigeffas
in general nand comes somewhat closer to
Sterconpeesmisn iz, 11 4 plpcad
winder e penus  Stercogpermarrlon and

|
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named zs Swroorpermoxplon  eserannii-
MM P, Ay,

The penus Nicrcazperanan Cha consisty
of 24 species, distributed in tropical Africa
aiwd A (Willis, 1973, po 11030 About
Il species are lound in tropecal Adrica,
[Mhiselton=-Dyer, 1906, pp. SEF=570L  STere=
oFpernn ceiialainnen K. Schums s
Found in Esst Alrica, Lagos and Came-
Faais

GeaEnin Diaoyozs

Stvreaspermorylon  gen. s

H"n::lm'.f ﬂiiﬁlm-'ph':rn“: | fa] i'rl.'l;'l:.'iilelﬂ.”_"f Hiddmil-
g, poroos  Greowt riege present,  deli-
meated by bigger vessels, parenchymia lines
and thick-walled fibres.  Fesselr small to
Iurge, solitary ws well as in radial moloples;
tyloses pbsent; perforatons simple;  vessel
membiers shod o medivm in [:nﬂih imtar-
EOCTer | pdh medium Lo |.|.|.|'Er.- bordered
alternate, with lenticular apertures.  Poren-
chima paratracheal, vasicentric, aliform W
confluent, extending l.m.rallf- joining with
those of mdjacent wessels; lncs of paren-
chyma also  present ab the i;-u“‘h FLagEs,
Xodert Faps fine 1o moderdately broad, mostly
1= seriate; my tissue hnmugn:n:nun' fays
ity hmrmn._llulnr n:un-il.r.tm of pmw
bepl cells,  Filves  semi- IIlmFurm,
rately thick-walled, nonpsepiste,

Cremant e — Niereeaperms ) fon
m;.'l’.'-'l’ﬂm 5|'I. Moy,

CUATC I

Srecipie Divoreosis

ST IR SR
5P, now,

Woond dilfase-porous fo semi-ring porau,
Growth ringy prosent, delineated by higper
vessels af the begmning and ding mito
smaller vessels pd e close of the nnnual
nngs, Ld. K250 pm, rd. 503200 wm,
solitory. i i rodiad multaples of 24, about
B-10 wesseds per sgomm; wessel members
ghorl to medium in fengil; intervessel pis
medivm to forge, sbowt &8 wm, alternote,
bordered willi lenbicular apertures.  Poren-
chprrg pernbrachenl, aliform to confluent,
exiending laterally and obliquely joining
willh those of the ndjacent wessels; narrow
linex ar bande of p:.r.en-ctwm.n present ol
the ineception of growih rings  encirding

the bigger vesselks,  Xplemn ravs =4 seriole,
up be 50 cells in height, avd 57 my per
mirh; Ty bissuz homopescous, rays homo-

cellular, consisting of procumbent  cells
only,  Fibres  kemulibriform,  moderntz|
thick-wulled, nopsepiate, woguler, small,

H-24 pmi im dinmedes,
fofnripe — WA 11, Palseobotany Labori-
tory, Lyon Upiversity, France,

5. Srereospermexyfon  prembatl spo now.,
PL X #Hpge 21, 23, .24

Tapograpis — Waogd difluiss - poroa s,
Growth vingr present, delincated by slightly
Bigeer vemsils, thin apotrcheal parenchyma
lings which merge with eonflieent  bands

anmd thick-walled  fbres: {PL 3, Qg 24
Fewuedy small Lo lar sirlitary qn.,l in mdial
mulbiples of -4 ﬁnniw 2-3h, szkdom in

dpuble rows, sometinees very small aod in
clusters assoeinted with bigeer veasely, evanly
distributed, absut 10-X0 vesseld prr 2g mimg
txloses nof seen,  Paresclima mmtmrh:.l]
and apotracheal, puratracheal vasiceatric,
aliform to copflucat, extending side ways
and joiming with those of ndjacent vesscls,
somectimes shiwing teadency To form some-
whal leager, struight, int-:rrupmu.h tiiEen-
tinl, ansstomosing bands joining seviernl
vessels (PL 3, fig. 24): spotracheal paren-
chyma sn fine hnes of 2-3 eells wui:.
pecurring 81 the inception of anpuol rings
merging  wilh @liform  confluemt lines o
bands, Xyl Fays 34 sdriate (PL 3, fig.
20, 40 ezlls in height and 5-T7 rays  per
e, Ty Iri.uu: homogeneous: rays homo-
cellular, copsisting of produmbent  cells
only,  Fbeeealigned in redial rows belween
two comseculive mys,
Elzmicnty — Feavely cirgular o oval {F, 3,
i, td pnd rd, aboul AN am,
m-lly PRC-250 pmt, (hin=wnlled, walls 4.3
r:rl'nmllnn!- simple, nearly horizontal;
embers short, 20450 wm in léngth;
rnlﬂ'ﬁlEL‘w.l pris small o mediom, 6-§  pm
in  dismeler, circular, allernmate; rdered
with lenticular to cirepler ispreriinfes; =
parenchymi nnd urﬁtl.-l.-m':.r pi!.h alpiost
similnr o intervessel pits,  Parencfiveen celly
34 per siranpd, eval to pogular god radially
glongaled in cross section, those occurming
in the immediate vicimiy of wvessels peri-
phn'rnll].' Buitened, 2044 jam in dinmvelor,
Ray eelfs procumbent, Ih-24 um in tanmeatiol
height and #2000 pm in mdial Fglh.
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Fibrer monlibriform to semlibeiform, mode-
rafely (hick-walled, nonseplate, smuall. cir-
culer Lo angelar in cross section and  5-20
w in dimeter,

Affiinfes — The anatomcal chivmeign of
this Fossil wood indicie it résemblonee
with Markfanla futen (Mormand, 1960
355, pl. 15T amd Stercospenemm spp. ﬁ.
the nature amd  distnibotion  of  vessels,
parenchiiyma and rays The chamclenistic
features of the Fossil, vie, the presence of
distinet 1.'|un.'.|1-|."l1:.'rnq limed: pnd chigters of
small vessels often associoted with bigprer
vessels, are also seen in Mordiamic letco
and a few species of Stereagpermnm,  Henge
the present fossit b5 plaged in thie genes
Stercarpormen o,

Im spite ol o clse resemblipce between
Slereanperion il avceemimriirsioamm
the present fossil specimen, particulirly
in the nnture and distribgtion of vessels,
parenchyma fibres sond fength amd width
ol roys, there is a marked difference I'u'lwr:cn
II'IL' twiv  Thit Tormer 8 o I‘I!“JHL'II':,. AP
ring porows while the latter is diffuse-porous,
Another difference |5 that in the latier
clusters of small vessels associnted  with
bigeer vessels are commonly present which
Wi - ViTy I‘uﬂ.‘l:,- sty in the former. Soch
differences hove niso heen noticed among
the vurious species of Stereaspermuim and
other  Bignoniatecus woods, In o view of
this the present fosstl wood i85 nanwed o5
Stereuspermieylon geanbiestd ap nov,, wlter
the lale Mioleiger L, Grambist of Uh= D=
versity o Montepelhier, Fronce,

Srecig [hagsosis

Stevensperaros Won grombaanl Sp. oov.

Womd  diffuse-porous. ekl rimgy
present, delingaled by slightly bpper vessels
gnd  Thin apoirachesl  parenchyma  lines
which merge with aliformeconfoent s,
amd  thick-walled fibred,  Feasely smmll do
1urg|:. m-lil:r:.l il ru.|l||.|| mulliples ol
2.5, mostly 23, sometines in double rows
ar in small clusters assecinted with bigper
vesels, vircalor o oval incerogs seghion,
Ll amd el 30-3F gmy, yessel mombers
short’ §0-430 wm in ]r:ng_lh; ilervesse| mite
bordered, allernate, 8 wm in digmeter
with kenticudar te Grcolar apertures.  Paren-
clipmn . hoth puritriches] and apotracheal;
paratrochen) poremehyma vaskcentric, alilisrm

o confluent, estending laterally Joining
with those of adiscent vessils or vessel
groups; apotracheal  purenchyma  terminal
oF il pocuTring il the  ipception of
ared Fings merging with aliform-confluent
lines or banda, abowt 321 eclls wide,  Xplem
Firy 34 seripte and abowt G- eells In
height ray tissue h..:-mlr;nm:uuh. Fiys homo-
collulir, consastin procumbepnt  cells.
Fifres nnn-]ihr[i'u-rm tor semili briform, mode-
rately thick-walled, nomscptate, smull, circllar
513 JLnJ._I.uF.hI" dand H-20 pimooime diaeetier,

Halat e WH1Z, Il;l|||||.|.1hntur:],. | swhie-
etory, Lyeon University, Fronee.

Faumicy — YVimpEsaiwan

Gemes — Vicprogyden  Imgle  ememl, Prokash &
Tripuihi, 1974 —iqvn. Fitenessloenr Lemsigne, 197H)

0, Fifexoxydon afefcanunt sp, oo,
I, 4, fys 2a-00

Topography — Waad diffuse-porouk
Grrosisly wings preseal, delimiied [?. Thim
lings ol apolrachenl parenchyma (P -4,
Fps 26, 281, Peweld mostly medwom 1o
large, solifary and in radinl - moloples . of
2.5, mostly -3-3 (Pl 4, figs 26, 27}, rurely
up Lo 9, sometimes (0 double rows, ahoot
57 wpssels per sq mm: Axloses and whitish

inhlirndion predent (P14, hee 271, Poen-
el paritrachenl pnd spotrucheal; porns
tracheal parenchymu  vasicentric, forming

paerow, unserials or ndempleld  sheath
arownd e vessels (PL 4, fiz_ 275 ; apotrachenl
mr.c'm:lwmn m narrow 1-2 serinfe hnes al
I.Iu: h:g‘lnnlng of growlh rings (Pl 4, [igs
ITY Xplems'vips 13 [ mosily 2-1) sernte
tl‘l 4, hg 29, 6-40 cells v height, phouat
T-10 rays per mam; ray hsspe helerapenaous;
iy homocellular te heterocellular (PL 4.
fig. 30}, the former consisting of procumbent
cells only while the latter composed of
procambent dells in the meddie and 1-2
mirginal rows of upright cells gt ons or
hoth the endd.  Fibree aligned  in radial
rews  belween two consecaine  Tive,
Elerentts — Vesseds circulur fo oval (PL
4, Hp. 27V, G D20-300 g, v, GO-3000 o,
walls =10 emy D thickness; perfovatsons
kimple, nearly horizontal to obligue; veisel
members usunlly short, ahont WH-600 jim
in length, intervessd] pits 68 pm in digmeter,
alternale, with ledticular to circular gpertures
(PR 4, fig, 221; vessel-parenchym wnd vessel=
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ray piis alightly higger than intervesscl
pits.  Parcachoma selic cireular or angular,
these ooearring in the immedite vicinity
of  vessels  ponpherally  fMattensd,  about
240 pm o diameter,  ®ay ol upright
and procumbenl (PLO4, e 300 apright
cells 4072 win In tangentinl height, 24-40
wm b raddinl Lengths Krnuurnh-:nt cells |-28
i b bngential height, 40-B0 pm in radil
length; edb oocasicnilly  erystalliferisis,
Fibrey  nonlibriform, Mmlurrllcl.}' thick-
walled, spbite, angulkar o sguarcish i shape
pd 5-24 pmoin diameter,

Affisidiey —The important  fealiires al’
this fossi! wood are: vessels mediom Lo
hvrpe, soditary anmd o redial malliples, paren-
chymia vosicrnbric and apotrachenl delimit-
ing the growth rings; mys -3 serinte nnd
heterogeneons; libres seplate and  mode-
rufely thickswalled. These feglores  collée-
tively fadicute 1he affinities of the Tossil
with the medern wopds of the  family
Verbonacese,  Among the woods of various
penera of this family consulled for com-
parison. Fiter fimonifodioc Wall, shows close
resemblune: with the present Fossil. This
sudy iacleded the  exomination of thin
seetions of modern woods of Fites alrising
L., ¥. rowrscens Kurz, V. glafeata B, Br.,
V. meoneri Gresnman,  F. beteropholly
Roxb., V. lewcoxvlon L. V. FBwowifolla
Wall., V. sermree L, Fpachepinfle Baker,
V., parvifora Ay Juss,, ¥, pedsacidarty Wall.
and V. pubeseond Vahl, The fossil wopd
winh e compardd with the published des-
eription. and figures of most of the above
species as well as a Tew others { Desch, 1954,
e 620 Ramehifa, 1934, pp. 44, 45; Kribs,
1930, ppo 161, 162, figs 473-473; Lecombe,
192, pl. 65; Metealfe & Chalk, 1950, pp,
1036, 1037, Gz 2458, H; Normand, 19640,
pl 1545 Pearson & Beown, 1932, pp. 805-511
figs 253255,

B0 e enly two specles of fossil woods
of Firex are known from - India and
abrogcd.  These are Fitecorilen mrscemicim
Priknsh & Trigaibi {1974 lrom the Tipam
sandstones near Hallnkomdi, Assam and
Vitdeoxslfan  getiiopivnns Lemolgne  (1978)
from the region of Welkite in Ethiopia,
Bowides, rﬂgh: {Eq"?!!l descrihed o Fosil wood
ns  Fifevarfon Smdiemn Brom e Decoan
Intertrappean  beds. ol Madhya  Pradesh.
Hut peeording 1o Prakash and Tripathi
(1974, po 30 0 decs nol appoar to belong
to thee genus Fies,

Although the above speccs  resemblo
the present fossil wood in gross sbroctures,
they also differ from it particalarly in the
absenie of opotraches!  pareachymi lines
at the growth rlogs. Sech parenchyma is
ol oecessarily présent in all the specics
of modern Firex. When il is absent, Lhe
prowith nings are delimited by thick-walled
fibres and bipeer wvessels,  Fiteyoxylon (=
Pitecox oy aetffopivan Turther  differs
from dur Tomil wood in hoving difTuse
parenthyma, nonseptiale fibres and smaller
vesieli (solitary pores 175 pmoin dinmeter),
Similnrly, Fitexexylon mioconicwn 1% also
distingt rom this fostll 0 having broader,
=6 geriaie aviem rays and in the absence of
terminal porénchyma. Thus, it is evident
that the present fossi| wond is guite different
from fhe shove species. [t s, therefore,
pamid u4f FResosylon ofricannn sp. ooy,

The penas Firex consists of 250 species,
dintributed in tropical and lemperste regions
(Williz, 1973, p. 114} About 5% specics
are known Io ocior in Img_iuufl Africa

335,

(Thisclion-Dyer, 1900, pp. 31
SPECTFE EHAGROSIS

Fitewdoridon afFfoamem sp. nov,

Wood diffuse-porous, Growth rlegs des
limited by thin lines of apotrucheal paren-
chyma.  Fessels medium o large, solitary
and in rodin]l muleples of 2-5, reely o
tr S sometimes  in double ok, L.rf
120200 o, Al SO-2060 sn, absout 5-T viessels
per sq o, perforations simple; wvessel
members mediom o shart. aboul 300-500)
wm i Bength and tybosed, intervessol pits
G-H wm i disimster, altoriate, with lemti=
cular to circular orifices,  Paresiclovmes pacs
tracheal and npotracheal; pamatrachesl
parenchymd  vosicenlric, larming narrew,
msually l=serale, complete or incomplefe
sheath rownd the vessels; apotiachenl puren-
chvnin 1-2 serite lines ot the beginning
of growih rimgs.  Xifesn rave 13 (mostly
2-3) sermte, about 6-40 cells in helght; ray
fessue  heterogeneons, rays homoeellular o
heteropziluolor. consisting either of procumn-
bBent celln only or procumbent cells in the
centre with 1-3 murginal rows of upeight
cells at one or both the ends,  Fifires an-
P:J.Iul' to squarish o cooss seclion, ponlibri-
ofm.  moderalely  thock-walled, seplate,
phoul B-24 um i diwmgser,
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Holotipe — MR 15, Palpeabaduny  Laba-
ratory, Lyon University, Frang:,
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EXPLANATION OF PLATES

Pramn 1
Miwaresravhim  beswrolides  Lomoigae  emonsl

I, Crass sectiohn showing nature and  diztrsbutbon
ol yemels. aoad RUELETTE CTIET R [ N

Mirruren o

1 Cross section showi

wowly andl paresadiyoa
similar i thai of the

il shovwm in fig 2% M,

Marssens it fuwreaddes Letoigne emensd.
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1. Tasgenrial Bpghtidingl section shosing sylem
eays ol hocizoniod guen conal, < SH,

Afirirrerr @it

4. Tongential lengstudinal section ll'nwirﬂ sl
rays amil horenatal pum @nsl o in fossl shown
in tg . S0,

Mupswrgeravion Jumeewdies  Lempigroe ememil,

o Ruadial lomgiiuifing ! section showing leterooellu-
har nylem raye o WL
. Fibwo-iracheils, < 40HR

Carnraars  eiliopicaws  &p pov.

T, Crims ssction showing rature and Gistbalion
o vesgels il J'IIJI'-L"I_II.'-I‘I_\-I"II = M,

#. Tanpentinl Iomgitsdiml section abwwdng  walem
fays, = L

#. Radinl I'-:lﬂllud'lnll sxLien
cedlulur  ay s 0 W0,

ihowing B

Fate 2

Croandmier erfifigairame =po ooy,
10, Tmlervessel pitripg. < 40Kk,

Sapatoxyion  malfimoreim ap, Doy,
I, Imeervessal piteing. = 4060,

Supotoxaton  mliiponesiom sp. 0oy,

12, Crias sesdbivn showing nalure and distribanion
ol vmsgls, oMb
I3, Croas seclion maenibesl o show the apoiracheal

parenchymi Bands dml the  affuigesent ol
rensels, v B,

14, Tanpgentin! longrhadinal secton showing wlem
Fays. I

13, Radial Fengiiudingd seebon  showing  hedero-
eellylur sibem rays. « 9,

Swrenape e e ceacamsaitnl il gen. dl
5. N0,

b, Cross section under D mugnificstion showin
nabure wid] disivibotion of vessels and growd
thinps. = 7.

B7 Crims seotion magraifeed  to shise vesaels aml
parenchyna, « 30
PrLaTe 1
Erereorpermnceloan saierm i Crimsn gon_ gl sp. now,
I8, Tangoniel longitudmal sociipn showilg  Tays.
9. ]ll'lrﬁi-ql ||:|u3'iIL'|:|:ir:.:.f sectipon shiwing hirmmaeelio-

lar rays. = Wk
AL Tolervessedl pariang, = 400

Sreveanperamay ilon prombasl g
ET-TI;_F:TI[I.I:J longhiudingl soction aliwing g

now,

Slerdraprrauni s,

ar. Tmi:rrﬂl.ll Fongimdmnl  section showing  avs
semifar o foosil as shown in b 35, 5 40,

Srevvospermoxylon primbeaf! 5p. nov.

2. {rioss setina showing yessel ond paréndhyma
ifistribupion, = 7 _ -
M Cross sectich  magnified  dunwing  disiributiog

ol vessghs urd pacenchyma. < M

Slerrorpernigim &p.

A% Crodis section showing cessels ond porenchymn
similer in natse il distil b tan 1o lomal - shomen
iy g 2%, = 0,

Prare 4
Fite oyl anfdiourn sp. ro

I, Cross secibon showing naoire angd dissriinnion
of wussels. o T, )

2P Cross sstion augnifiel G shesy vessels wd
paralracheal  nd fermienal patendiyem. o M

IE. Inlerviesae] phlidng, = S

39, Tamgential lengbnading]

v < Y,
3. Hadaal longbtedin] sectlon showlng  helero-
celielar rays. o 9

sectivn show g b
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SCLEROCOCCTTS: A NEW TYPLE OF FOSSIL ALGA FROM THE
JUTOGH *E', SIMLA HILLS

K. MAITHY
Birhal Sahoe lestituie of Pilscebatany, Y3 University Road, Luckoow 200007, Indis
-
0 M, BHARGAY A
Deolopwal Burvey ol [odig, 3249, Secipr 18 B, Choodigaels | G00F7, Lsdia

ABRSTRACT

A meew type ol Tossil alga, |.'|-I.'III"|'|J-|'IH'I"1'|:.\ BN
The wlg w choraciericd by the presence of sclerpic

Member of the Simla wrea
thickeningl on the celle

om0 eegorded from the Suropgh Y 1

K p-murdh — Srbseeseens, Chwoociccacene, Julegh Groop, ™ambrian (Indiap

arrim
Fr agriTa @ w@m F § ow Fim gwE W daren S - e e Ay e
Wi, AT "hiT

foprery i & owebe 0 oopem @ oow wdyw merr o ST, SERTTREET a9 @,

wirliafis s o B

TNTROMCTION

AH, Moithy and Bhargmen (1977
S repocted Toe the Arst Lime the  predencis
ol misrobiote  {palynemorphst  fruom
the "B Member of Julogh Groap. On
the basis of the microbiota Vendian nge was
psigned o this  bed.  Recently, o new
charactenstic form showing alpil orgm-
oisation  his  been  recorded  from The
Jutegh ‘L7 Member,
The Jotogh Group of the Simlp oren s
drvisible into five muppabie formations

Memmn (RagiiedRliny
E Formuation Carbonscoous mchists,
stawrelite and  garmet
achists, rrir bl and
arnctiferous . amphibo-

itz (450 mj,
Cross-badded pale, white
Lo grey  quartrite, with
imterstratificd  carbonn-
ceoid griphitic schist in
upper part (500 ml.
Chlorite-sericite  phyllite,
MinGT guartFite, rare par-
retiferoaes schist (1100 i},
Pale ‘grey Vo white mpple
kel  dpuarizile w]IIh

I Formstion

C Formatiog

B Formation

LHT]

iy draretree wbwrat e o oras o ifoale o g

Lrmusist (s

enrhbopuciving |'!|-]1:|r]'.|:i‘tr: in
wpper part (300 m).

s FRT

A Formation Carbonneeous  phyliite
schist,  limsestone,  littls
quart gite.

RPPESNNPEIPRIEE [T {1 |74 il [ 1 SRS

The mmterml yielding The micraobiola
wak eoilectod by one of o (OLN.B) from
the Jutepgh *E' Formation abool |6 m above
its contaot with “[3 Member, spproximalely
Bkl m WHNW ol Dhenda along the Simla
(Juboghl-Muondi Highway, The materisl is
fine praimed muckle, diriv-white Lo greenlshin
golpir,  Preparotions ond studics were made
prearding to the methods supgested by
Pillug aod Maithy (19771 to oviid confa-
mibnticns,

DESCHIFTHN
Pivision — Ceanophyin
Clizs — Cyanophyecss
Ordet — Chroocoosles
Fumily — Chrgpoeootucene
{renns — Sclerocoecies g, mor.

Difgegenisds — Celln spherienl, with radial
selerald-lika thickenings  radiating  rom
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the centre of cell to the macgin on one sar=
face and the other with varied sculptlure;
salitury or in the form of irrégular fat
ealony, enveloping shenth [or individunl
cell or colony. nbsent.
Gemod vpe — Seferococtur  fuleghensiy  sp.
oY,
Contparisog — In its flat ieregubor colonial
%u.mu'rlnn and without enveloping sheath
prOrOCeiE gen. nov, compares with several
known Procambrinn aod Cambrmn forms,
vig,, Aphauocapra Maitthy & Shukla {1977),
Meroereous Clehler (F977), Epfrnpnrrp.l'r,nlr'i'
Schopl (1%6E) and Crepenbocpecs Awarmik
& Barpheorn (0770 But all these. forms

differ m the abwene: of thick seleratid
thickenings  on  eell walls, The closely
comparable form Peleceplmrcocystis Muaithy

& Mandal ( 1982). recorded from the Upper
Bhanders of Rojusthan, differs in having
rugnlale  type ol {hickemings, Moreaver,
the celli are enveloped all  round l:l\'
non-hmellated sheath.  On the other hand,
in Sclerocscous the scleroid 1hickeningy pro-
ject put bevond the boundary of the cells
giving fimbripte appearanse o gell margin,
Moreover, the encrusting sheaths around
the cells are slso msing.

Splevooocens ftophensis spo nov,
Loty thps 10

Diggnosly — Cell  spherical or  oval ia
odihine, eilther seliary or mogroups of 2-10

eells, armmged in chiln or imegular patterns,
10-23 um;  one  suelace with  braoched
ar unbroaghed scletond thickenings radiont-
bng from the centre of cells Lo margin,
margin fimbrimte ; other secfoce smacth.
Holorype — Slide no. 6062 of the Birhal
Suhmi Imstitate of Polpeoboimny  laseam,
Luckoow
Literlity — 800 m WHNW
nlong Similn-Mondi  Highwow,
Harizon — Jutogh “E' Member ("Cam-
brian, )
Descriptior — Cells pre commaonly spheri-
cal, oecwionolly oval,  Mostly they ame
solitary, Frequently they form  colony of
of =100 eelle. Tn enlonies, the ceolls ame
arranged in a simele row or form ireegular
pattern. Scleroid thickenings of cells are
branched omd closely  sdpressod, Qiving
rough Uppeannse W il Sclerond thicken-
||'|Es. also pn\ju_l. hewnnid the el muorgin.

af Dhenda

Henee,  the outline  shows  fimbriate
appestande, The other surfuce of cell is
skcka L.

Remorks — Although bioln plays o signi-
figant male 1n bumdrotagraphy, Bul no Gon-
clusion on the age al .|1.|l-::-|_h BT can he
dmwn on the bpsis of prosent record of
Seferoveeoiy a5 % verbienl and horizontal
ditnbulions ore not known.  Howewer,
similar comparahle form fas been focorded
by Eisengck (1960, pl. [, fig 3o, b, &) from
the fime  suriaee on Mobdmy shisle fram
the Silurizn of Bulnic [sband,
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MaTe |
Selepmareras Jiingbeans gen. b s nnw,

L. &MI;E cells or 33 el armonged 0 groups.
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28 Soditqry celbd enlarpad 1o o Ehe giructeres {in
Bgn 5 ol &, The stlerotl thickenings soe showe,
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SCLEROSPERMA-TYPE POLLEN

GRAINS FROM THE

NEYVEL] LIGNITE OQF INDIA

M. B, BANIDE & K. AMBWANI
firbal Sahal Instiree of Palasobotany, 33 Univeraity Kosd, Euckmow I20 007, 1iklks

ey meenil WendL, hove

ARSTRACT
Polkn proins similar e those of ATrican pabm, Soleeo,
beem descrd from the Mevseli Ii-.grl.ll:l.'. The oocuwmresce o

this Afrkon palm in ibe

]:arIIEr to Middle Tertinry aff Imdia is signiboenl fron the view point of polacoclimate of
ndinp subcortinent nnd the pulugopeogrnphicnl disinbofion of Seferopermg,

Kep-wargly — Sofeemiperma, Afrin palm, Monocotl polles, Newveli Ligniie (India)

I
wr ¥ S e & s T - fys e gt mw g g

T s & W Ay, T dd e, e st i e o
1 urirew & vy TR O § @ oowast T i e sy O g
i werinegel & i ferme S0 g o g

INTRODMUCTION

ERTIARY pulynclogy consiituted an
T imporiant part of Egﬂluﬁ:lhﬂlﬂnf. I
is from th: Tertisry onwards that

fhe vrpetation storted scguinng s present-
day structure. Our knowledge regarding
past vegetation, palscochimpte pnd poalpeo-
peography 8 e from complefe without
a claar understanding of the vegetation
pattern of this period,  Althpugh a lot of
morpholaxonomic  work  has n done
on Che Tertinry megalossils of [ndie and
their affinites troced fo modern l::.i:n, the
microfossals which constitulz an imporiant
conatiluent of the Tndinn Tertiary Mo
have been mosily studied apd classified
onby nriificially for stratigraphic purposes.
The authors are well aware of the problems,
one has o e in [ru.uing the afimtics af
fasall spores and pollen to the modern
nern wnd specics, the main dificelty being
ack of o detailed knowledge of the maor-
pholopy of modern pollen and  spores,
Howeewer, i is emphasized thal singere at-
tempis should be made in this direchion when-
ovpr Thie relates] TnTormation s available for
comparason,  With this idea i mind, poflen

griins showing aflnitics with the extant
ponud- Crerolophon {Clenolophoneceae) have
been recently described from the Miyveli
lignite of Indin (Ambwuani, Bunde & Prakosh,
1981} and in this paper the pollen grains
clozely compargble with those of African
palm, Sclerispersma redd WendL,  are
described. Earlier work on  thes 1i3‘nih’:
deposit kas wielded o rich assemblage of
pollen and spores belonging to anglosperms

and pteridg tes (Rag, 1935 Thergyr

& Frantz, 1%63: Kamanujam, [0, 1966-67;

Mavale, 1967; Deh, 19725,
Fasminy—=PALMaE

Follen grains of. Selerosperren manid Wendl.
M 1; Bge =0 Text-hig. 1

Deseriptinn — Pallen  grains heteropolar,
radiosymmetrical, trinngular to subcivcular
in polar view, convero-concave and give
the appearance of o tripod-like strocture
im kateral vicw due 1o the presence of threo
exingus propectiond, ome ot ench angle on
the eomvex stde (This |"|.'|E|:iL‘|:|[.'|r Chrrneler
is very clear im unmounted prainsd, SiEc



Texrame, |~ A, polien grain i polar view; B,
pirllen grodn in lnteesl view ghowing theee exanos

projectioos  with submargingd pores (ool 1o the

31-30 pm in diameter in polar view, inlor-
polar distances 30-36 um, Pollen  grains
triporite, one pore at eich angle, pores
submarginal, each pore situsted on an ¢sin:
o pmjnclinn. o ke convex side, +6
pm wide, circular in shape, pores surrounded
by a smooth ring-lke thickening. The
exinoud projections are snly on the comves
side and bacome supenimposed on the three
apgles of the graip when moonted under
g cover glass. Exine 2-3 pum thick: séxine
retetulate, reticnhim unzven, brocht +£2 pm
thick, bacalue with small tegilla, simple or
compound, tegillum smooth, nexine thinner
than sexime, smooth,

Comparizn — The above morpholerical
charncters of the pollen  graind indicate
their close affinitics with those of Scferp-
aperntie manll of Palmae, Pollen morpho-
logy of Selevosperma mamii has been des-
cribed in detail by Erdiman and Singh (1957,
pp. NT7-2X0, fig. 240 sand Thantkatmon
{1970, p. 69, pl. 9, figs 147-154). The fossil
poflen . grains show- a very close structural
smalarity with the pollen grains of S, wranif
in their shape, size, nalure and orientation
of the aspertures as well as the €xine

THE PFALAEDROTAMIST

sinmnmentution.  Pollen gralns of the modern
species and those under discussion are about
40 pm in diameter, triongular to rounded
in shape, riporie, pores sinhmorginal, in
one hemisphere only, siiuated on the exinous
propections on the convey side and the exine
resicnlate,

From the Tertrry of Iadia pollen graias
showing cnmilar morpholopenl charpclers
have previcusly been described as Dorrceni=
pites from the Tuera Formation of Adsam
By Blswas (P20 and Tom the Middle 1o
Upper Eoesis of Bemgil by Haksh (1972},
Ramanujam {1966} deseribed similnr grains
under the peperic name Trilatipoeites from
the MNeyvell lgnite and placed them under
[our different spicies.  Luter on Venkata-
chaln and Kor (1969 and Sah amd Kar
(1T describad two more spacics of Trifu=
pureltes Bomanupam from the Lake  Series
of Kachehh  Recently, Rumanujam  and
Rao (1977} have reported one species of
Trilatiparitex from The Warkalli lignite de-
posits of South Indin.  According W Deb,
Baksi and Ghosh (1973, p. 28} *“the grains
deseribed from Ture and MNeywell assimb-
lazes under Pwo Sepambe genorm nre morpho-
logically samz.  Le.  amisspolar  pollen,
iriporate, rounded o rounded friapgalae
amb, pores ssrroundsd by w thicker rim,
prominent thickening of the c¢xine ot the
base ol the pores — . pores prominently
non-egualoril, situated all in one heme-
sphzre, thick exinz, colum =llic distinct, surface
moaily  microreticolale and alsn  pronular,
e diam. 2348 pm.”"  From these characters
it s obvicus thut the pollen grains so (o
deseribed nnder - Darresnipiier and et
porites as well as the grains described in
this puper are of the ame morphological
tvps.  However, as the purpase of this
study i3t know ths botanical affinity of
these Fossil grains, they are describad: hore
witliout nssipning them 1o any ol the ahove
bwe penera. Moreover, a8 i s alsp not
desirable o pssign the fossil pollen grins
I a living genus, Lhere béing always some
minor  morphologicul  differences,  the
presenl griins lave been dekertbed simply
as the pollen grains of. Scleragpermn.  Fur-
ther studiss on the varaions in the pollen
morphalogy  in Seferospersir i and
un the pollen groins described umsler Dyae-
revmipites und Trilatiporiies dre nécessiary to
resolve The problems of synonymy  and
specialion i Thess Iwo  gencra.
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The modern epesies, Selpvaspeenng mmanf]
Wendl., with which Lhe pollen prains deos-
gribed here show a very close similanty,
i4 1 slender palm growing 1n swampy places
on Ut river banks in tropical West Africa
(Thiselton-Dver, 1902, p, 100).  While Willis
(1073) menticns this peaus with 2-3 species
restricted Lo West Africa; Thiselton-Dver
(02 considers this genus: as monolypic
wilth only one spicies, Selerasporsa s
Wenidl,, endemic 1o fropice] West Africa.
The ocourrence of ihis African genus in
the Newveli lignite of India mises a pomber
of inferesting paints.  As discussed: sarlier,
besides Meavvali such tvpa of pollen prains
are known Irem the Laki Series of Kachohb,
Tura - Formatien in Assam, the Eocene ol
Bzopal ond the Warkalli lignite deéposits
of Keraln, The age of the Laki Series and
the Tura Formation is accepied as Lower
Eocene and Palacocene to Eocine respec-
tiwely nnd thal of Warkalli lipnite as
Mieene,  Bul there uppenrs to b a conlro-
WETRY rr.'gm'd'rng, the age aof the WNeyweli
lignite. This issue has heen discussed in
delnil by Db, Baksl and Ghosh (1973}
and although the ape of the Neyveli lignite
i% usimlly considered as Miocene, however,
these -authom have suggested an Eocone
ape for Ehis Dbignite on the basis' of its

ynological assemhblage. Withoat going
info the details of merits and demenis of
(hese two different viewpaints il can be
said that the presence of  Selerespering-
type of pollen proumd in the various Early
to Mididle Tertinry localities of Indin earries
ppecinl sipnificance, If the age of the
Meyveli lignife 8 considered 1o be Eocene,
then 11 sppeurs that during the Palicogene
of India the penus Solerosperma was widely
distoibuted  throughout the Todisn Sub-
eontinenl which is clear from its oocurrence
in the wide spread localitics like Kachehh
in the Wed, Asam and Bengul in north-

gast and cast, anmd  MNeyvell in the south.
Cia the other hand iF the age of the Mesveli
lignite iz consdered as Mipcene, then The
presznt  finding along with the record of
Trifetfpprizey -in the Warkalli exiends the
upperr limit of this genns at lewst IJ? o
Migczaz in Indis before its extinction from
this: area. Mevertheless it B interesbing
fo note that the modern dpecics: Cremofo=
plot enplerl, pollen grains comparable to
which have recently been deseribed from
Meyvell lignite by Ambwuni, Bande and
Prakash (1961], is also u specien confined
to tropicsl West Africn. The present find-
ing thus stronaly indicates the presence
af at Teast some common genern in Indin
and tropical West Africa durng Barly o
Middle Tertiary period.. It can alio be
deduced that by the Palacogene although
the weit cosst of Tndia had separated from
the enst enast of Afriea (Dietz & Holden,
1973, p. 827}, the Indun subdontinenl was
sitinted almos in the same lotitudes as
the tropical West Afmcn.  Bokh these ne-
grons thus might have enjoyed a similar
climate permitting the growth of commaon
genert an bwo widely separated linds. The
cxtipetion of these fotms from the Tndian
sebcontinent ta the later part of Tertiary
might be allrbuted 1o changes in the
climate of thiz region resulting from the
nafthward drift of Tadis. .

Lavalliy — Meyvelt, South Arcol Distned,
Tumil Madu

Specinten — Birhal Sahni  Instiwic  of
Palacobotuny Museum slide nos, 6048,
RS el GOS0,
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EXPLANMATION OF PLATE

[Figa 1-f. Pollen grains o, Scleraipremy smanf,

| 5EH1)

1-3. Paller graln o polar vlew ol diferent food  d-6 Pollen geaias by polin viey showing varabons

showkng rediculaie exine pattorn and the exinous
il.l'l:lkll.'lFﬂm with pores, LELF slide no @8

in size gnd shape, 4 8BS 0P slide po, 6048, 5,
ISR slide no. @3, 6, BS P, slkle o, G048,
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PALYNOLOGY OF THE QUILON BEDS OF KERALA STATE IN
SOUTH INDIA 1 — POLLEN OF DICOTYLEDONS AND
DISCLISSTON

K. P RAD
Piepartment of Botiny, N, B Scitrez College, Flyderabaf S00000,  [nefia
a.
C. G KL RAMANLIAM
Deparimuml ul’ Beotany, Seenee College Suifalkl, Chamanli Unbersity, Hbetabnd 200004, Indis

ABSTRACT

This cantribution deals with o svsiematic account of the dicotyledomous pollen
reconered (oo the arbonecests ond calepresas clays af The l.'llulh'm Formgtion of
Kerahi nnd u arkiical woalyshy of tee entive pabmologice] duta of this Bematon. Tl
i-lmptnm. cimmpassng b species have been reoonded in this paper ) of these 7 goneia

species are new. The pereen obundantly represended are Fermmespariies,
ﬁl'u LT e T F.E.I']Pﬂ'ﬂ L, rﬂ.li.ﬂfl'u'ﬂ.llllurl':, C‘-ﬁi“l.l]‘l #nrmrhﬁ'.lfa. ﬁrruilrur il Fanpkes
pt.r.mr'r rfﬁrm.uml.lnrmrﬂ. alwiscpitienises, Dieolpapoliie, Resitricalies, i.run#.mm
Fonveatefom{mies, frrmk-p-'r-mrnl'l'rﬁ ..'-'hh'um e, repanalpites,  Mugisdmed
rrEasenvitey, - i garerlinrioes, [ .rml'frrmh. '||"r.l|'r.~ri.|1r.l'r.r. Prrrmrrp\'r e,
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arlE pngd Evpmegrorg and i conjuostan wilh Mreedoopodiis (gbundons), ﬂrrirrr iy
ﬁ'w.trru:lpnlmﬂ Compariraimaliesdier,  Hippoceoacvacatiey, pollenstypes o Chesa p.lmu-
cege, Sapotpcens und Dhgacrneae swpperts Lower o Middle Miocene ape assigned fo
thess beds o0 fanaal evidonee

The palynogssembla Jrhlt-lll:i & tropical fumud type chimate with pleniy of ram
Fall. The presmce of poflen-types relpted o Socringdora, RELzoplora, Lesml zevg, Nimr,
fripoien, ks, Merdordon, Aralecoee, Saplndaosae,” Meliotine and  Prosspieas
amd the spores of Polvpodiacess and Schizuesceas tespfies 1 ithe provalesos of Brockish
wiles fiiglove o uiong the ceasal belr of Kemln,

. Kepworde — Pulynology . Dhesdedanots polben,  Qailon beds, Lower 46 Middle
Slipcene (Indinl.

s
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T THONUCTIN

M othe first part wnder this e, the
I auithory deseribed the spores of pterido-
phytes anid the poliza of monscatyledons
(Ruo & Ramanupam, 1978). The present
contribution dedls with dicotyledonous pollen
grains recorded Tfrom the calcarcous and
carbomccous clays of the Quilon beds.
]'l n.h.r_'l lm.']udu. I|'||= I'l-;:-ri:lin.' |:|r|.u.|:.-*;l_;-|-a.. Lam-
rison of the microffors with o Few seleched
ne microfloras, palynelogical evidence

for the age of the Qui[zll sedinents and the
paneoenvirommmentnl sel up during the period
of deposition of (the Quilon sediments.
The peological set ap of the area und the
localities which yielded the palynological
samples were meporied o the previous port.

SYSTEMATIC FALYNCILOGY

Anteturma — Follemeer Pobonid, 1931
Turma - Aferer forahim, [933

Subturma — Azonoférer (Lubety Polopié &
Koicop, 1954

.',-'rn':!".l.i.llmnpf.rr' {E—J"d[:rrr.ln] Wi I"r!l.:llI

=

Infrarrimm-

Gienns — Crommnddaepellenite: gen. ooy,

Tipe Species — Crodmraidaepollieiites cip-
frarfivides sp. nov,

Diergrmakly — Pollen graims isopolar, sphe-
reddal 1o auha'lh:rmdul fmaperiuraie, bl
penerally with a central thin area towurds
ane hemisphere.  Exine 2-layersd, soxine
thicker than nexine. toctile. columella cloar,
surface pilate, pils heads froe, usually -
angular in surface view, zligned in o rolp-
moid patiern.

Repaeky — The pomeen Spinafiugperiueiien
wnd . Ferrslnaperfindies Amtimied by Percs
(1961} differ from our new genos in the
seulptural clemwents.,  Beripilonapites Bama-
a6 ) possesses a rebipdlate scufploring
withowt any crotanold e

Crotonaldacpelleniics ciiphorbioides sp. nov.
PL 1, figs 1,2

Diggnosiy — Pollen griins sopolar, amb
spheroidal Lo subsphércidul, polar dmmeler
3345 pm; imaperiurate, bul usually with &
small to fairly large (up to 20 um in dia-
mter) thin arga in tho centre lowards ono
hemisphere.  Exing 463 pm thick, sexine
impech thicker than nmexine, lecinls, supra-
focinl  prodesses - pilate,  pila unnapiv:unm.,
2:5-55 pm high, densely placed all over,
|1-'i||:|. hewds 1:5-2-%2 pum bBeoad, lrln.n_guiln.f.
and aligned in & reticulate manner in surfnce
view ferotoneid pattérnl.

Conmeats — Pollen ol this iype are com-
maon fmoall the samples livessiantad,  Simikar
grains werg proviously rocovered by Traverse
“"?"i"r:l fram the n”H'HEEI'H'.' Broadon Fignile
of YermonL,

Affiity —The pollen grains aro ticy-
larly comparable with those of JSafropis
and  Crafenr (¢ Eu Imrbmumn:r but  are
shightly  smialler [lrdp 9535 Cuipet,
19 2 Honpefille, 19713

Type Locality — Pﬂdapmkknrl..

Hedogype —PL 1, fig, 1; Pad

W 558 um (38 |.Lm:|.

I-1: 12-4

Subturnm — Treipfvehes (Matimova) Polosie,
[LHE]

Gridiis — Rodirricolpites (Hammem) Hammen &
Wammtn, 1964

Grenol vpe — Retfivicolpltey ovaells Hommen
& Wyemstra, |94,

Redlbrioolpises slpferacdrpoldes ap. Bov,
Pl g fig.- 1

[Diggnosis — Pollen grains sopolar, amb
roundéd, polar digmeler 4560 um: on-
pperturgte, ncolpate, longicolpate, colpae
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murrow, sirsck-like, moargins  thin, ends
potinled. Exime -5 pm thick, stmtiication
indistinct, tectate, surface reticulate-rugulae,
reticulum rather fine, homobrochate, beochi
hezaponal, small, focally irregular, muri 0,
offen wavy, luming angoler of rogular.

Comipnly — This species Fofims an ime
porfant eloment of the OQuilon microfion.
It differs from the known species of Red-
tricoipiles in the sculptural pattern {Hammin
& Wymstra, 1964 Wymsira, 1971 Lang &
Moeon-Yilnin, 1976}, Further, the roundoed
amh and the narrow stresak-like colpie ako
conslitute the important features of the
Quilon spacras.

Affimiry — It shows strong  resemblunce
with the pollen of  Diprerocargas and
Dryobalgnops of Tamily the Dipterocarpacoog,
particularly  with that o the lormer
{Anderson & Muller, 1975 Maury, Muller
& Lugardan, 19753,

Type Localify — Padappakkaora.

Heforype —PL. 1, fig. 3; Pud.
13-8 < B4-1 [m {51-5 wm,

Ini-3:

Reditricolpites wicrpretfowlatny (Hammen®
Hammen & Wymsira, 19064

PL 1, fig. 4

Dexeription — Pollen gruins tsopolar, amb
raunded,; polar diameter 21-25 pm; sonapsr-
turais, tricolpate, colpas fairly lomg, ends
pointed 1o blunt.  Exine 21 pm  thick,
tectate, sexine thicker than nexise, roticulale,
reticulum with smull meshes, lumina angular,
smooth; meshes towards colpae extremely
srnall,

Crecurrence — Padappokkara.

Retireivelpives meaeginetia. Hosken-Klinken-
betp,  |Sheh

I, 1, fig F

Descripiion — Pollen grains o polar, amb
roundes) 1o subelrcular, polar dipmeter 24-249
jm; ronaperturate, trioalpeie, medicelmle,
colpae ofien obscored by heavy sculpluring,
marging thin, ends pointed.  Exine 2-F um
thick, sexine thicker than nexine, surlice
roticulote, heterobrochate, brochi larper at
poles, smuller along a margin around colpae,
polygonal, murisimphbacelate, luming angu-
lar with 1-5 frae bacubs.

£ ommenis — The  photomicragraphs  of
this ipecies provided by Hoeken-Klinkenbers

show [(pee bocules n the lurmina of iha
reticotum, althouph no mantion of these wos
misde in the descnption (Hosken Klinken-
berg, 196&],

A ffeniity — Clocond

Chrowrrene — Edavad.
1967

Gerniig — Maditroienipiter  Suh,

l?;riury..:lﬂ— Retfireseefpitey  tipfces Saly
1967,

Retitrescadpiiey Indicus sp. mov,
PL, g &

Moprasiy — Pollen graing isopoler, sphe=
roidal equatorially pnd prominently 3-lobed
in podar wview, JE-H55 win rondporturate,
iricolpate, loagicolpate, colpae [3-22 pum
wide, gaping at equator, margins thin, ends
pointed.  Exine t3-*5—4'5 pm thick, sexine
miuch thicker than poxine, surface retipilate,
pila up to 35 am high, reticulum homo-
brochate, brochi hexa o poelygonsl, lirge
#6053 wm, muri thick, simpli to duplipilate,
lumine aneplar and smooth,

Cuopeneents — The species  ressmbles R
fepicas Sah (0967) Ie its spheroidal amb
bui differs in tha possession of wide gaping
colpas. R deciplens Sah (I1967) tan he
distinpuished in its retipilariate exine with
angustimurgio nature. R, crasslminrgiug Sah
(1%67) is. brevicolpate,  Renfeeseolpifes ndi-
cid s foirly common in the samples  from
Padappakkara.

Afftaiey — Caesalpiniosne,

Tvpe Lovaliny — Padappakkara,

Helatype — PL 1, fe. 67 Pad.
E = T pm (59 pm).

Ini-3:

Retitrexculpites wingalarfy sp. nov,
ML 1, figs T, B

agnoyis — Pollen grains izopofur, amb
subspheroidal 10 rounded Erigngalic, lo
prominent, polar dameter 20628 wm,  don-
aperturale, tricolpate, longicolpate, colpas
reaching poles bul nol uniting, colpal surface
imely pranular. Exmé up o 4 wm thick,
sexime much thicker than oexine, surface
irregulinrly retipalate, beterobrochate, brochi
hexa w polygonal, 3-5 am in dismeter, curyi-
murcdd, luming wregular with free baculoid
proceises,

Commenti— The prominantly longicolpats
nature and the finely granulyr surface of tha
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golpae are the distinguishing features of
Retlirescolpfios sivigrlars.

Affrine — Oleaceae,

Tepe Locality — Padappakkarn.

Hulotype — PL 1, hg. ®; Pad. 1V-niz 175
A 9%T pm (225 em)

Crenus — erﬂhlﬂldmmc: Hshen-Klinkenberyg,
i

Croomad e — Hrlfh'ﬁ'ﬂ”:uf;?ﬂf_& frianpnli-

fys Hogken-Klinkenberg, 1966,

Rerbrewicalpites simples sp. Doy,
[ R TP

Diagreais — Pollen grams sopolar, amb
trigngular to roundsd triangular, & Con-
wex, polar diameder 25-42pm; ronnperiurales,
tricalpate, brevicolpats, margins thin, onds
pointed,  Exise |8 pm thick, sexineas thick
as nexine. surface reticelate, hrochi smull
+ 1 e in digmeter, finer at mesocolpis.

Commrenty — Pollen grains of this bype are
cocasionally found in the microflora,  Redi-
frewlfivicodpires yhmgfex differs from R oni=
angulatey Hocken-Klinkenbery { 1966) in ity
larger sire and colpal marging

Type Locality — Padappakkaca.

Haolatype — PL |, Bp- 93 Pad. 11-2: 1243
BT pm (303 pem).

Ceenus — anrrl-mlpdrw Pierce, 1961

Geestotipe — Foveolricodpitey iphaeraides

Pierce, 1940

Foveorricolpites plercel sp. now,
1, fig. 10

agnosis — Pollen: grains dsopolar, amb
rounded, lobes distinet, polar diameter 16-33
pm: apnapertucile, tncolpote, brevicolpate
feolpoidate], cu-ll]ju.l margins thin, ends round-
ed or blunt. Esine B pm thick, sexineg
thicker ‘than netina, |ectaie, WwCiim  pEi-
forated, surfuce foveolate, foveoloe of wm-
form size all over, locally coalescing, up to
3 um in dameter.

Comurrents — Pollen grains of the peous
Faveofelcalpiter constitute o common elément
im. the mistofom, F.o sphecroifes Piercs
{1081y differs from F. pieeced in its longer
calpae with conspreuousty thickened margns
and smaller foveolas. F. pomariny Hammen

& Carcia (1966} while generally ngrecing
wilh the lndian !i|.‘|-n!|.'i|1li., e rn.'i:.'rni'qwn-nlp.l::.
Tape Locality — Padappakkarch.
Hodovpe — DL 1, fig, 10; Pad, 11-9:

Gl THG pm {295 wm).

Fovenirlcolpiion prolotis AP nov.
FL 1. digs 10, 03

Diggnosis — Pollen grains isopolar, amb
trigniruinr to rownded triappotar, lobes dis-
tinct, profate equplormlly, 26-38 < 17-3-32
pm; sonaperturate, iricolpate, longicolpais,
colpae gaping wide al equalor. marpimg
unevam, thin, ends poimted.  Exine §-8 gm
thick, sexine shightly thicker than nexine,
teciale, columells distingt, sorface fovan-
reticulate, foveoloe small, clossly placed.

Cammeily — Pollen graing of this tvpe are

wite common and have been recorded
rom abmist all the samples investigated.
Foventricolpiics  sphaeroides Pigree  (1961)
differs [rom The present species in ils
conspicuously thickened apertural margins,
F,operforgtus and F. pomariue (Hammen &
Garcm, 1966} podseis short colpas nnd a
larger apocolpal aren,

Typar Locality — Paravar,

Holotype —FL 1, fig. 11
wehd um (32 pm)

Par. 5 185

Genad — Critetrlcodpisos Leldelmeyer, |06

Genofype — Crotodeicelpifcy arnemprioe

Leidelmeyer, 1966

Cristorrfoedpites denivar Salard-Cheboldaedf,
974

PLOT, g 13

Peseription — Pollen grains isopolar, amb
rounded, polar diameter 26-35 um, Zonaper-
turate, trivofpate Colpodate), colpas domes
what obscured by heavy  ornamentaiion,
broad al equator and  lapering towaids
poles, margins densely besst with scelptural
gloments, Esing 2-53-5 am thick, scxing
much thicker than nexing, clivite-biculate,
clava of different sizes, mostly up o 3 am
high, densely distributed, claval heads angu-
far { + triangalar), 1'3-2°5um brogd, aligned
in @ crotonoid patterm.

Caruperis—i .i'::l.'ﬂ.fr.l'-:'-r?.llpj."rr r.'njrumr.w-n'lprq'r
Hooken-Klinkenborp (1964) is larger and
with longer colpae constriciod at the equator,
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.-'I_ll_'ﬁ.rrf.rj' EU'|'||'|-:1rbqu\-r,5|.u; |1|'|,r[i|,:|.,|l|;|,r|_'r' the
'mlle:rl ol Kiginpaihuy  (wee Snbned-Chebsl-
doeff, 1978),

Checarrence — Fraquem ol Padappakkara,

Giemm — Prncroeeicaiplrer Plerce, 1901

Elmm_r;u' — Pranciwiricedpites brevic Prerce,
161,

Functaeioalinies sp
Pl g 14

Despription — Pollen grains isopolar, amhb
rounded triangular, sides convas, polar dig-
meter 18-23 pm, zongperturate, tricolpate,
brovicolpate, colpae narmow, marging (him,
ends .|1n-:|n|::||.| tar Blunt., Exine 18 T thick,

netifecinte, eolumelli distinet, surface fne-
Il;u unctabe.

ORI — ﬁi.rh‘.l'lll'rl'n.lflﬂl'frl fireely Perce
(1961) differs [rom the present pollen in it
larper siee and subiriangular amb.  Only
a fow grodng of this fype 21e encounlored.

Affinivy — Symplocicens.

Oocarrriee — Ednvai,

Gengis — Hacufrrewifrlcolpites pen. mor.

Tﬂ}w .“i.rlﬂ'r'-r.lp—“:;. mr_u.lr-:.'rr.'.'h'sr-. Iﬂm‘.
] i— Po grains subprolale equa-
h:rriali}l. amb rounded,; lril.'l'lrrmr, brewvi-
colpate, cofpue narrow, esine infeciale, boase
with mumerous prominent bacoles, heads of
bhacules peiernlly rounded in surfpce view.
Comments — Baculaiviealporites Bolien e
pon (1976} 15 a tricolporate pollen with
abmplibpculnte or miectate exine.

Baeubrevitricolpites rofunal sp. oY,
L2, fip 15, 16

Iisgsawry — Pollen geaioy sopolar, amb
rivinded, subprolate equatorndly, polar dia-
meter 21-26:5 wm; roppperiuraie, incolpate,
brevicolpate, colpas parrow, murgins thin,
gnds biunst, Exine 2-3 pme thick, intectuoe,
bpculpte, baculss fine; donsely distriboted all
over, up to 23 pm high, beads of bacules
usually rounded in surface view

Comurmants — Thin taxen 15 fopnd occa-
giomally in the Edavai and Padappakkars
samples,

Tj'Pq" .l.r.lr'n'.l'p'.r;' Falla viid.

Hofotype—P1 2. fig. 13 Fdv, Cy0 237
AT pm (22§ pm)

(ivams — Losand dpifes gen mov.

Tipe Spevler — Lorgrthiplles elepans sp,
oy,

Diggnosis— Pollen groms with a itlangular
amb, di.l.linrll:, Searmed, wsides  concive,
angles Antly arched o Nored wp, iricolpate,
longicolpate, colpae almost extending up 1o
poles on one side) exine Lectate, smoothly
or fimely mitierned.

Covnments — Loranthoucites Sgmaoiloviteh &
Sichedlishvali ll':lﬁl:l 14 |:rid:|p|u|.‘|tn1iﬂ-|_'||'|1nl:
wored trisnmgo e with sioathly rounded aprees.

Lorarhipives elegats &p. nov
. 3, Bijiw 17, 1%

Phugramasis — Pollen grums isopolar, amb
trnngular, distimetly Jarmed, prominently
coneave with slightly wavy morgm, wngles
fatly arched, polar dinmeter 25-5-34 um; ron-
nf:ﬁ'urtlr. tricolpate, longicolpate, becoming
almost s}"n.mlllpnh.' on ooe side, colpal mar-
gins thin 1o slightly thickened, ends pointed.
Exine -8 pem thick, tectale, sexine only
shightly thicker than or almost as. thick as
nexine, columelia distinet, polar grea thimmer
and smooth, fest of the surface psilate fo
limely patbermed,

Cortments — Pollen grains of this specics
have been Found Frequently in the micro-
fora, bot whways i the polar compressions.

Affinity — Loranthaceac; llen  show
striking resemblance with the pollén of
Elviravriive {Loranionsd and  Demdropihor of
Luranthaceae (Erchmamn, 1952; Nair, [965).

Type Lacidlity — Pudappakkam,

Holonype — P 2, bg. 1Ty Pad.  11-9:
0z B5S am {3 pm),

Gienms — Adargineipollis Clarke & Froderiksen, 1968

Chuitei e — Mdgegiipallia enrcinmed Clarke
& Froderiksen, 1968

Morginipoilis kutchensic (Venkatachala &
Kar) comhb, pov,

Pl 2, feg. 19

1968 Howrriapoflimites  Goeicheasty Yenkata-
chola & Kar

Descripiion — Pollen grains isopolar, ellip-
spidal (prolate] equatorially, 375415 !;-
275 pm, wonaperiurpic, iricolpate, syncol-
plate, cofpal margins: incrassaic, bordercd
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hy areolate arens, colpae terminating al
pokes in beaked or Kneb-like processes
Emine 1'8 wm thick, sexine thicker than
nexing, beaked projections of colpaes with
nexinous thickenings, surace smooth to
fincly granolar.

Commorris — Qoeasionally lound in the
Padappakkara and Parmvur samples. The
pollen from (ulon beds are smoller tham
ile specimeans [rom Kachohl

Affenit Leevthidaceas: Mlawelonia tvpe
of  Planchontoidese (Erdiman, 1952, The
fossil pollen & referable to the Barringloni
asfaifen tvpe of pollen and is partcalardy
related fo the pollen forma of Barelngionis
(Muller, 1973

Ml grgitdpolity guifanenniy sp. oy,
R X bigs 30, 20

Diggmosis — Pollen grais sopolar, ellip-
sordel (prolare) equatorinlly, 3643 . 13-20
pm: eonaperturate, fricolpate, syncalpate,
colpie ending in beaked (knob-hke] pro-
cesses af poles, margind incrasante.  Exine
'] um thick, sexme thicker thaon nexing,
eolpa! beaks ;:lrm'll.ll.,d with nexenous thicken-
ings, surlace of meswcolpia punctate fo
fovealate.

Conrments — Pollen grains of this type
pre common in the Padappakbkyra and
Paruvor samples wnd more i Edavan sumples,
Marginipaliis grawdis  Balutha, Kindra &
Rehman (1971 although apparent]ly compsar-
able with M. gedeneasis iv distiiguishable
in its large and coarse foveolae which often
cogleses 1o impert @ reticolute look 0 the
aollen, M. guilmeensiy is characterized by
the abacnce of areolaie arcas bordering the
colpae and its puncinle to loveolale maeso-
colpia, in which respect 8 s distinguishable
from the other species of the geouw

Afiwity — Leeythidacess (Bareimptonio)

Twpe Locility — Padappokkara.

Holorype —PL 3 hg R, Pad, TH-3:
129305 pm (4] = 27 ).

Gomuy — Clavisyrncolpdies gen, o,
Tepe Specley — Clovaspneolpifer  gracilic
P oV,

Diggnosiy — Pollen graim with triangular-
foundel friangular amb, ircelpate, synoale
plate.  Exipe intcciate, duvate. clava locally

seen in & reliculodd degﬂlhl_nl

Claraxymoadpites gracilis sp. nov,
L 2, fig, 12

Doty — Podlen graind wWopolar, ami
trinngulnr io rounded irimngular, sides con-
vex, polar dinmeter 22-31 wm; zonaperiorase;
tncolpate,  symcolpate. colpoe wide  a@nd
Eaplng ot equatorial region, margins slichily
ithickened and beset with clavaie-haculote
procasses. Exme 205-3-% um thick, sXine
thicker than nexine. intectate. claviie, clava
151 um high, lecally mized with bacules,
denszly and unifermly distributed all over,
here and therd scem in reticulmd alicnment.

Connnents — Oecusionally Tound in almost
all the samples investipared,

Tiwpe Locality — Padoppakkarn.

Halgtype— P 2, fig. 22 Pad.
108 =059 gy [IT-5 i)

i-an:

Giemus — Sfeveripeliis Bolsi & Venkatachala, 1970

Gt vme — Meveripoffiy
Baksi & Veakorachala. L1970

ek erre iy

.ﬂ::l'.n:'li'iu'r'p'.u.l'.ri.: bl N mov.
"L 2 Hg: <3

Dingivayis — Polben gramns sopolar, amb
rounded  triangular (o sebspherical,  polar
dipmetes 25-13 wm; sonapert urate, trvoelpiie,
sypeolpate,  colpoe wenally  ohscured by
benvy cculfpiormg, samow al equodor bl
widening towards poles whore they mest,
colpal marging densely besel with aemmae,
Exing wp to 45 pm thick. sexine much
thicker than nesine, tectate, deasely studded
with supmtectnl gemmate-toberculale pro-
cosses, pemmac of differend sizes, up o
5 pm  high, rounded in osurface view;
apices surrounded by 2-4 pemmac only
stightly larger or almost of same size as the
ather proceses,

[ nwm-'l'r'-—ﬂi'r:m:lr.umn-l',urr-u; Pusroe {1961}
includes  only  pemmate tricolpate  pollen

ins @nd hence iy cusily distinguishable
rom Meveripailis.  Pintitlipallenites macgre-
gort is o circular o broadly sebirigngolar
triporate pollen studded with scmmats pro-
cesses (Ronsd & Srvastava, 1970),  Gemmate
trisvocolpate pollen grains were first record-

from the Tertinry sibsurfoce sediments
cf Muhprkatia oilfields, Assam (Mever, |938).
Subsequently, Baksi (F963) reported similnr
grains from the Simseng River Section of the
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south Shillang Platean. These grains were
Fformally described and designaied ms Meperi-
poita paharkownsis by Baksi and Yenkati-
Chals (1970). M, noharkofenss 1% dis=
tingeishable from M, boksil in Bis more
Clearly trigngular amb and in the posscssion
of consistently two Larpe, prominent tubercles
af gemmas o gither side of each angle,

The pollen s named in honour of Dr
8 K. Baksi of Jadavpur University,
Ciuloutta.  Meperipolliy fakidl represenls an
pecasionl  slement  of the  Padappakkara
samples.

Tipe Locality — Padappakkarn

Holatype — Pl 2, fg. 13
10-1 < T8G am {I6-5 pum)

Pad, 11-2:

Subdurma — Polipevefios ( Magimvie) Polonié,
1960
Genmy — Rerlaephonocolpiies Leldelmeyer, |96

Crenofype — Renstophatocelpites angelil
Leicelmeyver, 1964,

Retvlephanecolpites craxsfmuaratug sp, nov,

PL 2 fig: 24
Diaguogiy — Pallen geains isopolar, amb
subspheroidal, polar diameter 29:5-18 pm]

Fonaperturate, sephanocolpate, hexacalpate,
colpac Tairly long, wide at cquator, margins
thin, endi ;-n:inued Il blupnt. Exine 3 LT
thick, sexine much thicker than nesine,
surface reticulate, reticulum homobrochate,
brochi hexi to polygonal, 2-3 wm in diameter
crassimurate, muri up to 25 um high,
lumima irregular and psilate.

Coemnnraty — Rerinephanocolplier  oravsé-
BUFGINT 8P, nov. it choracterized h'.‘" ity
apertural features and the crassimurale
reficulum. R willuwmy' Germernad of al,
(1968} possesses short colpae and o reti-
culate-foveoluie exins. K, cormmnmaiensiy
Venkatachnlp & Rpwat -I_"h':'_r aldn posscisey
foveolate-reticulnie exims,

Affiritr — Lahiatie

Type Lovality — Parasur,

Holatype — PL 2, g, 24 Far, 2@ 235
#ELD pm (333 am).

Girmus — Cremmaphonidines  Hock m-Kinkesbery,
1046

ety — O temafophoroiley STy

Howken-Klinkenberg, 1966

Ctemalophomidites cosiohy Hocken-Klinken-
berg. 166

Pl Ggs 15, 2o

Deseription — Pollen grains isopolar, amb
stellnte-sphereidal, barrel-shaped (sub-oblite
to oblate) squatorially, polir diamete: 35-45
pm; dongperiurate, siephonocolpate, colpae
=8, medicolppie, margins hErassate, cmds
poinged to blunt, ench apocolpium showing
¢ ning-like mexinous: thickening and the
rings of the two poles interconnccted by
thick mesocolpial costae extending scross the
eruntor,  Polar grea inside cach apocolpial
rimg smooth; nexincusy thickenings up Lo
3-5 pm thick and about 1 wm high.

Cammrenty — A considerble degree  af
variation was noticed with regard o the
sze of the amb and the number of colpae,
Similar  grains: were reporied  previously
from the Warkallh lignites as Meaccolpiies
and Sepracelpiter pollen types by Rao and
Vimal (1952) and ¥Vimul (1953). Recently,
Ramapumm ond Purpochandre Roo | 1973)
matde a detniled study of the genus.

Affinity — Possibly with Crenaiophon eng-
ferd of Clemalophoneocae (Erdtman, 1952
Saad, 1962).

Oecurrenee — Common g Edavai, Padap-
pakkara and Paravur,

Grenus — Melyvoelpiies Cimper, 1953

{‘".r;_nuf_rpe — Polyeolpites clovatur Couper,
1953,

Polyeolpites granulafus Bah & Kuar, 1970
P 2, hips 27, 2

Deseription — Pollen  grains  isopolar,
amb circulsr 1 subcirculsr, polar diameter
26523 pm, renaperturate, stephinosolpate,
colpwe. 7 or B, short, margins thin, cods
poisted to blunt. Exine '8 um thick,
thinner at polar wreas, leclsle, séxine as
thick as nexine, columeils indistinet, &ur-
face finely pramuhar,

Cormments — The Quilon specimens have
4 thinper exine a¥ compired to Kachehh
;&mmrm of Pafycedpitexs granwlatuy Soh &

r (1970},

Aty — Labiatae.

fhenrrence — PFrequent wt
Padappakknr.

Edawval and
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Subturma — Pchatriporines IManmavzah
Postiamie, 1960
Infratarma — Frofard Enfiman, 1943

Gn—!‘n'-l.lﬂ‘inﬂpﬂrlim Hammn & Wymsirs.

Gl vpe — Pellaivicolporites  aperolaiis
Himmen & Wymstea, 1964,

Puflatricolporites chenoides 5p. nav.
L 2 fig 29

Mgrarasfs — Pallen g isopolar,
oblong  equutorially  with Aatly  rounded
of truncated poles, sebtrinpgular i polar
yigw, 22-29 « 11-16 pm; zonapariarats, ricol-
porate, longicolpate, colpac straight, macgins
thin, #nds painfed. ora lilongate. Exine
I-8. um thick, sexine slightly thicker than
nexine, surface smooth,

Ceopnmeenty — The truncoled polar arcas
constitute the imporant feature of this
taxon.

Affinisy — With Diogpires of Ebenacene.

Tipe foceliiy — Padappakkara.

Holatype — Pl 2. fig 29: Pad.
172 %E63 am (2652135 pmk

El-2:

renaiy = Fleterocelpites Hammen, 1956

G vpe — Heferocalpltes  palecocenica
Hommen & Carcin, 1964 .
Ermenled Tigeradis — Pollen graiis

isopolar, profate to iuhprulqtn: cgquatdrially,
six-iobed in polar view with 3 major and
3 minore lobes, sonaperturats, 3 oroid colpae
alternating with 3 colpoid steeaks (pseu-
docolpas], marging of pieudocolpae fold
inwards, colpal margins generally incressate,
ora distinct, rounded to lalongate. Exine
tectate, surface psilate to conrsely granulnr,

Commernts — The genus Herrocolpites i
distinguishable from the other tnicolposrate
getiera in posscssing theee oroid  colpac
which obviously represent fupctional colpae,
alterpating with thres nos-orodd colpoid
sireaks {pseudocalpoe),  The inward Tolding
of ithe pscudocolpac i & charncteristic
feature, Similar pollen grains are sncoun-
tered in the familics Combretaceas and
Melastomatucene {Hommen, [963; Hommen
& Garoa, 1996 L-opold, 1969 Blso &
Carating, 19735
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Hereroendpites combretoides sp. nov.
Pl 2, Ty 30, 31

Magansls — Pollen Erilns isopilar,
prolate equatorially, poles rounded. G-lobate
in polar view, 1 major lobes mod 1 minor
lobes,  20-28 <1518 um! zondoperturate,
iricolporate, longicolpate, colpac 4+ strzight
and of wniform width, crassimarginate, ora
faint to distioel, lolongate, three  oroid
colpas ulternating with three colpoid streaks
(pscudocolpac), pscudacalpal margins tend
to fold imward: Exine -5 am thick. sexine
only sliphtly (hicker than nexine, tectale,
columella distimct, surfiace  psilate.

Cavntrents — Pollen grains of this spocics
are of common occurrence and constitule
a charecteristic element of the Quilon micro-
flora. Somewhaf similar pollen grains were
recorded from the Mioczne of Marshall
izlandd by Leopold (196%) Meerecaipiies
pafacocenien {of. Melastomataceae) is sub-
&&Phcm«idll with Hattensd  poles  [Hammen

Crarcia, 1966 A, loevigatss Salard-
Cheboldaefl (1978} is smaller wnd infra-
pranulmic to seubrobe.

Affimity — Combretaceue; pollin  shows
clote resemblance with  the pollen of
Ligmmitzera (Blaseo & Coaraling, 1973),

Tvpe Locality — Paruvur,

Kolatype — PI, 3, fgs 30, 31; Par. 4;
HES 3 Teeh wm (215 %155 amk

Heteracolpites promulutus Sp, (o,
M. 1. hg. 22
IHaenasis — Pollen graing tsopolar,

prolate equatoneily, 28-33 < 18-23 jem; won=
pperturate, tricolporate, colpac extending

more than 273 distance o poles: thice
oriferous colpae  alternating  with three
peeudocolpal sireaks, marging of pseudo-

colpae tend to fold inward; om of lrue
colpae prominent, rounded fo laloagate
with aliphtly incrassate marging. Exine 1-5
pm Lhick, sexine shghtly thicker than nexing,
teclate, colomellpy fairly distingt, surface
coarsely grinuler to glmost finely reficulote
loecally,

Copments — In its voarsely grunuler =ulp-
ture und shghtly larger wme this species
is distinpuishable lrom Heteracolpites polavos
vemice Hommen & Guren (1966} and .
conbretoides, N, prewdesteigiue and W
verrecotus  (Sulurd=-Chebolduefl, 1978) are
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distinguishuble by ther finely strmte wnd
verricute - sculpture  réspectively.

?ﬂ'im'ry - Cyrimhretneens.

Type Locallfy — Eiww,

Holotype — P20 fig, 32 Bdwv, -1, 2000
=B80 g (225w 16 winb,

I’.':u—ﬂuﬂn‘fm!pﬂﬂu.i Flammen) Hommen &
;Tln.I'I.l'lr{l'H'ﬁ-ﬂl

Cremalype — Retlteicolporites

ERTIATA
Harmmen & Wymsio, 1964,

Retitricolpariter craisioriius 89, nov,
B3 hg B3

Dimgiasfs — Pollen - graims isapolor,
amb sabtriangolsr, polar diamster 28-33
pm; #onsperturale. tricolporste, longicol-
pate, colpal margind Thin, cods pointed.
colpae gap open al equutor; ore  distimct
4 rounded with thickened margin. shphtfv
protroding  equalorally. Exine TR pm
thick, lectate, soxine’ Ihicker thun nexne,
thickened around ore. enlumzlle disling,
surface reliculate, brochi palveonnl, small,
wp bo 195 e in diameter, luming polygonnl,
St

Comments — This s oocasionlly found.
Retliricolporites  orassforatuy Jiffers lrom
R pigmenvly Hammen & Wymsen (15964)
in s smalier sles, thickened  onv and
smaller-mzsbed reticulum, & oawelaree
Salard-Clrholdaedl [I9T8) is distinguithnbie
by itz much smallar siee 1622 amib, Sumilar
pollen weére also reported by Leopold (1974),

Affinity — Rubipeoe; pollen shows parti-
cular  redsemblance with  the pollen of
Marindy anid Mitragyne.

Tape Locality — Padpppakkarn

Holotype— Pl 3, fir 33; Pad.
20000 pm {29-5 wm).

=11

Ceenisi — Cruveriprllie Visknioohals £ Howsd 1973

GeRotipe — Couveripollis  mpeehud Ven-

Kalachala & Roawar, 1973

Caureripoifis  nuperims Venkilpchaln &
Bawut, 1573
M.oE g M4
Deseription — Pollen grains isopolur, amb
sublrignpular, poler diameler 2533 e,

ronupetturate,  tricolporate,  brevissimi-
colpate, colpie norrow, margins thin, 2nds
blunt, of distinet and lalopgate, Exine
23 pm thick, sexine much thicker than
nexinge,  toclate, colomells ofear, @ sorfaes
rebiculute, heterobrochate, brochi  smallze
townrds  colpae, hosogoninl o polbygonal,
muri thick, lumina angular to irregalar,
smanth,

Affimiey — Caprifolingzag
& Rawal, 19735,

fleenrrirre — Cletisional af Edavak

{Venkaltachola

Gemp — Arpligceaipollcnites Fotonks, 1951
Genotipe — Araflaeeoipolienites  euphoril
Potons, 1951,

Arafigeeofipoleniter guifmienoly =p. mov.
Pi. 3, fig, 35

fagrarin — Pollen griin o polar,
|'|-r|:|||.|:l£ and somewhat rhomihaidal  equmto-
rinfly, poles smoothly arched, 18-235%
51T wen; gonaperturats, tricolporade, long-
colpate, colpac almost reaching pales, wide
amﬁyﬁm Bent at equater, gradeally tapering
towardi pn-|-_-5. O FE p:nlﬂinenﬂ_'r' LI.LL:II':Q&[I.’.‘,
up o & pm across, Exine 23 am thick,
thicker st poles than elsewhere, -sexine
thicker than nexine, columella distined,
particularly af polar reghons, siurface psilate
to lpcally linely punciate.

Comomeniy — This species i quite commaon
in the microMora,  Bul for 18 smaoller size
and Tocally pomctate surface, the spectes
compares very fuvoarably with Aralioeed-
poffenites podomed Rumanujem {19661 The
speocs ol draffpeeeipelieniiey described by
Vepkatochuls and Howat {['ﬂ?!, 1973) mre
wll different in their size, shape pnd sculp-
Iuri[u,:,

Attty — Arslnceas; related to Arfi

e Lancodify — Paravur.

Hr.hfﬂi'ﬂre — .3, HE 15: Par. X 93
Rik:a jeim (A0S =155 jmm).

Gremns == Fonrcnsfites - Germierand, Hopping &
Muller, 1968

Cement ype — Lonocaxtites ranuvnae Germe-
rid, Hopping & MMuller, (968,
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Zovracosiliey rdlcwy sp, mov,
. 1, fig. 36

Hagnosis — Pollen grains Bopolar,
sabprodaie equatorially, poles rounded, 12-16
X153 pm; ronaporioeate, tricolporate,
colpue  long, nurrow + stought,  marging
thin, cnd: pointed to blunt, om prominont,
tnlopgete, up fo 10 @m aeross, ofn af
adjzcent colpee touching cach other o
give 4 synorate fopk. Exine -5 i Eheck,
teckate, s:xine as Chick as nexine, columelin
distingt near poles, surfave psilate to fincly
grafaular.

Commiends — Occurrencs common, A
ramoiae Cermeraad o af, (IMEY  differs
from the present 51:.:...::1 in Iis densely per-
Forated feclum wilh coarscmess al poles
and fine to almost smooth at the equator,
Simutar but slightly larger pollen grains
have been described from the Miocene of
Enmiweiok Atoll by Leopold {196%)

Affinity — The I:.-E-!'igﬂ rrams are relpted
L Rivizamhors, Brogpierd and Caroifid of
Rhrzophoraczas, A striking  resemblance
i« seen with the pollen  of Riizaphora
mrerencfo TBluseo & Curnlind, 1973 ; Muller
& Caratini, 1977

Type Lawelify — Edavil,

Hedarrpe < PL 3, fig. 36;
21-8 866 wm (=125 wm),

Edv, Cyh

Infroturma — Sphoeroddarl Evdiman, 1933

fienus — Cormposifoipoliciites  Polsnid,

Cremad vipe — Comipioesilodpollenites phizopho-
Fed Potonid, 1951,

Lbol

Commporiteipiiionites argoius Sah, 1967
Pl. 3, fg. 37

Dpseription — Pollen gruins isopalar, amb
rounded to -‘i-I.I.bTFiH.I'IgI.ﬁI:II', polar diameter
24-311 am (including seulplure). sonaper-
iurllll-. tricolporaie, brevi o medicolpats,
colpag abacured generally by heavy orpa-
meplation, marging thickened, ends &
pointed, ori indistinet,  Exine ap fo § gm
thick, sexine muoch thicker than nzzins,
tectate, csurface ruggedly echinate, spinegs
robust, 2:3-4 pm high, demsely placed, supra-
tectal, bose Brancd, Ilp'u i|'.|r||'n-|1:|.|:

Capgrnemie —This 12 g l|lrahgl'.n|:|I1.||".u.'|:.|I
important pollen.

Affinity — Compositae. Tubiflorae {Endi-
munn, 1953 Huoang, 1972

ecuerenee — Dicoasional  nd
kara wnd Fdavai

Padappak-

Cromim — Berebrcacid iies  Cooper, T

ety — Bombacociditer bomdaxoices
Ciouper, |90

Sopmbad ccfaife s il Sp. pov.
Pl 3, Hig: 38

Diggiraniy — Pallen  graing ldopolir,
amhb . sahtripongular. spheraidal equatornily,
polar diameter 18523 am, plﬂ.nup.,nur&tc.
tricofporate, brevicolpete, :ﬂlm AW
margins thin, ends h!um ory slightly lalon-

gnte,  Exiae 15 wm rhigk, sexing as thick
i wEnine, columella Ane, sarface Anely
reliculate.

Comrients — Pollen grains of this type
are mel with occasiomully mm the Qualon
beds.  Bombacdeilies mipntuy is distinguivh=
able From the other species of this genus
in 1% mionch smaller size and finely reticulate
sculptore. 8. africamo Sah (1967) and B:

inaney Venkatochals & Rawal (1973} are
much lnrger,
Affintty— The pollen shows o striking

simlarity with the pollen of Bembax and
Epivasieea of Rombaciceae (Tsukada, 1964
Fuchs, 1967).

Trpe Lovalify — Edaval

feadatpme — PL 3,0 B 38, Edv, Cp=21;
1700 BE-6 pam {21-5 2m)

Infraturma — (ilat! Erdiman, 1943

Gemiy = MHippocrareaceacd itey Romanujem, 56k
omenid

Gremotppe — Hippocratesesaediies vepoam-
perere Bnmanufum, 15966

Entewled Diagmoss — Pollzn grains oblate
o dmbobklite, gmb teepnpular o uuhlnln-
gular, fricolporals, Inn;j-uuipmt. in polar
view Rexine seen proleonged into charac-
terislic knoh-like processes on either side
of colpus, Colpal margins thickenad, orm
'|'|r4.11'r|:|ln.|:nr., romnded 1o |..|:|||:|ng.nlﬂ with a
thickenad rom interrupted of equutor. Exine
punctiteciale to fnely reticulate.
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Hipporratercemeditey gailanmsis sp. nov.
ol L T

Diggaoss — Pollen grpins  ssopolar, amb
inangular, sides convex, polar dinmelor
1831 pm, zopaperiurate, fricolposate,
langicolpate, colpae provided with charnce
teristic prolongation of s=xine on either
side ot its eguatorinl zone in polar view, o
prominznt, llongate with o distinctly thick-
enced rim. Exine up to 2-5 wm thick, sesing
thecker than nexine, tectste, columella dis
timet, surfmce finely reticulate [(micrarelis
culate), meshes less than | pm oin diameter,

Contirieals — MHippocrategceaedites  van-
AN I!'.nmunu_lpm [1%66) is moch larger
ond his punctitccinle exine,  Rerlfricolpe-
rites | Fuvitricelporitesy  arnater (Salard-
Chebolduefl, 1974) compared with Hippo-
crateaceae pollen prains is subprolale and
reticolate.

Affimity — The present  species  shows
siriking resembilanc: widith the pollen gruim
ol Lecseneriolla and Hr'p-pwm.rm ol H':[rpu-
crateacsie in size, aperioral and seolpturl
features {van Campo & Halle, 1959, pl.
0, ligs 2-43,

Decureeney — Common at Edavai, Padap-
pakkara and Paravur,

Tpe Losaullty — Edavai.

Hiaippe — P, 3, Ba 39
164 < T86 pm (25 pm),

Hdv, Cy-11

Gmos — Polaeoroprasmadites Romenejom, | 966
Germetype — Polavecaprossmadiies arootense

Ranrynuam, 1966,

Palgeocoprasmaditey keralarnsic sp.
Pl 3, N 40

Moy,

egnosis — Pollen groins isopolar, amb
subiriangular, suboblute equatoriplly, polar
diameter [1-15 um; sonaperforate, tneolpo-
ruie, brevissimocolpete, colpae o8 long os
ot shorter than o, ora prominently lalon-
gale, with thickzned margin, Exinz |8
wim thick, sexine as thick as nexine, surface
smoth o |1:-|::|:p?' finely granular,

Camarmenly - nn':lu:"qprnt.rd-udl'rﬂ kori-
lgeraly can  be  differentiated from P
arcodenye Ramanugm (1966 in is smoller
gize and locally linely pranular exine.

Aty — Rubiaceae ;. pallen shows parti-
cular ressmblance  with  the  pollen of
Caprodma,

Twpe Locality — Edaval,

Halorype — PL 3, hp. 40 Edy, CHI; 243
=956 uwm (13 pm}

emy — .i'_;.'mpl'nmi'lpqﬂh'rrilﬂ Folomid, 1851

Genofvpe — Symplovaipollenifed vextibilim

Potonid, 193],

Evmplocalpolienites crassioratuy Sp. nov.
PL 3, fig. 4l

fhegpnonis — Pollen greains wopoler, omb
trinngular, sides + flal, zongpeclurate, polar
diameter 2M-M) pm, tricolporate, colpne
tong, slit-like, om promioent, lalongate
and thickened, Exine 1-3 pm thick, sexine
a5 1hick s nexine, surfgce werrocaie tuber-
culgte, verrucar small and low at meso-
colpla and prnn‘l‘im:rsl around aperiures,

“omareniy — Ckecurrence rare.  The trian-
gular amb, narrow  glit-like colpae  with
lalongaie thickened ors and the wverrucate
exine are the important featuees of this
specics.  Pollen grains similar o Sympdo-
eofpollenites  crasrlioratin were  recorded
pn:vim.u.l_',.' 1-.3 Stuchhily -||QE-1_|-

Affimity — Symplocacene:  pollen  shows
close similarity with the pollen of Swenploces
(Mgijden, 1990; Gupta & Sharma, 1977).

Tipe Locality — Padappakknr,

Holpiype — PL 3, Ag. 415 Bad, 11-8; 147
0T am (1% um)

Symplocolpoilenites pawefalien sp, pov.

L 5. fg 42
iagrogis — Pollen grains sopolar, smb
trimmgular,  sides coowves, polar  dinmeter

15624 pum,  EZonaperiurale. lri-'l'.‘-l:lEI‘.'Il:lr.'l.ll'_|
colpae thart, aerfow gnd slit-like with Blant
mﬁl o prominently thickened and lalon-
pate,  Exipe 1-5 pm thick, sexine as thick
as nexine, surfaee finely punctate.

Commenti — Symplocolpaleniies pimefaing
is o common clement of the Paravur beds.
The trizgngular amb, short narrow colpoe
with prominently thickensd lalongae ora
and finely punctate exme are the charac-
teristic Teatures of this Lixon.
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Affintty — The pollen resembles the pallen
of some apecies of Spioces (Erdtmon,
19582 Meipden, 1970; Goptn & Shorma,
1977,

Tipe Lopallty — Paravur,

afotype — PL- 3, fig 427 Por-3;
wB3A wm (83 am)

|27

m-ﬁmnlipqllmuquﬁ Yenknimcholn & Hiawal,
1473

Genatype— Coxfglipolierdies  poiciorn@
Vinkplachaly & Rawat, 1971

Cactarpalienritey  paoctormrioy - Yenkata-
chalz & Ruwae, 1973

PL 3 g 41

Deveription — Pollen:  groins isopolar,
roundéd to subirianglar m polar view, [2-18

m in digmeter: zonaperiurate. iricolpormte,

evicolpaie, ora prominent, margios . in-
crassate, Exing 2 pm thick, sexine thicker
than acxine, surface scabroie, scobrae locslly
wvermiculate.

Comments — The genus  Covtatipnilentey
dilfers From Svmpfacoimoliomines inoits round-
ed to subtrigngular amb. This taxon hos
been previsusly recorded from the Neopene
of the Caovery bhasin {Venkatischals &
Rowar, 1973),

Affiaity — Symplocacese: pollen compara-
Hle with some species. of Svmiploces, wz,. 5.
cacocined, 8, cosfata, ete. (Meijden, 1970).

Ohecirrenee — Pargvur,

Gienms — Margocalporiics Romosmjum, 1966

Gimatipe — Myrgacolparites fa ikt
Ramanujam, 196,

Margocafpariey koo Rumanoiom, 1966

.3, np 44
Degeriprion — Pollen  proms sopalar,
amb  prominendy  3lobed, lobes  widely

spaced because ol large margocolpae, oblate
f sub-pblzte equatorielly, polar  dimeler
53537 am;  enaperturate,  tricolporate,
longicolpate, margocalpate, colpas 20-23.5 jm
across and gaping @i equator and Dpering
lowards poles, marga aren granukar, ora
large, lalongate to almost rownded . pouting
in polar view gl fhe equutor. Exne 3-3,
Sopm thick, sexine much thicker tlign poxine,
surfpce  heavily reticulate, homobrochate,

erassimurzte, simpli to duplibiculate, brochi
large up b 325 wm i dismeier, heXagonal,
lumina smooth

Affimity — Cacsulpiniaccae; pollen shows
striking resemblance  with the pollen
Creesmlpinde and Mezodeuran,

Grceirremee — Commoen gl Padappakicam
and Paravar.

Margucolporites oligebrocicrn Ramanujiam,
[

1. 3, fig. 45

Deserdpilon — Pollen. graips  fsopolar,
ambe-rounded triangular, S-lobed, suboblgle
equatarinfly, polor dlameter 4651 emg
renapetivente, ddeolporate, longicolpate,
margoenlpae 17-5 am wide nnd . puping at
eguatorn, matgo arey grandlar, orn ronnded
fo laloppate, distincily pouting al equater
in polur ‘wiew, aboul T opmoom diwmeter.
Exite wp b 4 pgm fhick, ssxine much
thicker than nexing, surfoce rogpedly reticu-
lnbe, seticulum  aligobrockats,  homaless
chate, brochl larpe. hexa 1o polyronal,
erassimirate, murl  dupbbacalate, Jocally
mulliboculate, beéadied in purfnce  view,
luming nogular wilth a few e Eaculoid
PrOCEREEs,

Cammenty — M, wopeiihel Gemersad  of
ol (1964) is fairly similar to M, olgohra-
chatey  bul hos wider nnd lopger  colpae
{iuimast becoming syvocolpate) with baculnne
IArEin,

Affinity — The fosal toxen shown striking
rzemblinee with the pollen of Peltophaosinm
wid Cockalpinie (Mittre & Sharma 1962
Trukada, 19464,

Cletnrrerce — Commiom.,

eemim — Tllsliniier Wodehowse, 1933

IT;ITI'.II]-'FH" — Tliniipitesy fvhird Wodehouse,
1933,

Talixiipifes elégany sp. pov.
PL 3, fig. 4h

Dingnpsls — pollen grains isopolar; oblate
equatortally, anib triangular, sides Aul, polor
diameter 13-20 um, fonaperturate, tricols
I:mie. medicolpate, colpie narrow, targing

hin, ends blunt, ora slightly Inlongate,
thickened, Exine 1-5 wm thick; sexine as
thick as nexine, surlace linely gronular.
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Commenis — Teltsipites wodchosed Dutta
& Syh (1970} s Iurgv::r and with concave
sides, lonp colpas wnd finely scabrate surface.
T re Hpn':.lnr.'l Venkatachale & Rawat {1972}
is comparpble in size and shape bui is dis-
tinguishable o s Anely reticulate exXing.

Affimisy — Sapindacens,

Type Locality — Padappaklara.

Haoloivpe — PL 3, fip. 46 Pod. 11-9; 26:8
w83 pm {175 pml

Orewrrence — Common at Edavai and
Padappakkra.
Infratorm — Sywcolporiii Ramamujumn,

|9y

Gane — Corfamipollls Kroplesch, 1920

emalype — Gothanipellis pothanly Krut-
wch, 1959,

Gothanfpolliy fodicos sp. nov.
1, 1, fig. 47

Diagriasiy — Pollen prains isopolur,
wmb prominently trianguelor  with ply
concave sides, distinctly J-armed ook in
polar view, angles truncated and recurved,
equplorial view |:n$-5h|p¢d, Inr dinmeter
25425 wm; ronaperioraie, I:II'J::;[p-urulr. Byn-
colperate, ore nol prominent, vestibulaed,
located ot 1.runl:=al:ctlpupi-:|:s us geen in polar
wview. Exipe '8 pwm thick, seaine s thick
a5 nexing, structure ipdistinet, surface psilute,

Cammenty — Cothampalliy  gothemil s
smaller. O, cackfeldensiv Enpelhardi ([964)
is alko much smuller apd with granuolose
exine.

Affenlty — The pollen resembles that of
waﬂirarjﬂl'l‘:jumnthnwu.

Trpe Laovalitr — Padsppakbara.

n"lfﬂ.llﬂl'}'ﬂ:'—ﬂ. 3, fg 47, Pud. II-11:
1600 860 pm {31 pm).

Crecirrenee — Freguent ot Padappakkara,

Gunes — Ceprdeldites Cooken & Fike, 1954

Glemasypn — Cupanieidifed arfhrtechivg

Cookson & Pike, 1954
Clapaniciditer punctatud Sp. nov.
PL A, fig. 48

Dicgimeais — Pollen grawms Bsopolar, ambs
ll'itmEuhl.r, sidles COMVEN, pn;,:ll_r dipmater

19-5-27 pm i zonaperiuraic, tricelporate, syn-
eolpate, apocolpal arta triangular, colpal
marging (hin, ora slightly incrassate, lalon-

gate, Exine up to 2 pm thick, sexing as
thick ds pexine, punciifectate, columells
indistingt, surface linely panctate.

Cvrnrerits — Cupwniefanes puneraiud dillers
fram 1he olher specicd of the genus in its
triznpuinr shape with convex sides, possese-
immg a large triangular polar aslasd, and
its.  punctitcctate  sculptupe. O pulor
Cookson & Pike (1954) differs in its
reticulate seulpturing and in lacking @ polar
istund. O, dlecorus Venkatnchaln & Bawai
(1973) is agnin distnctly reticulate.  Pollen
griins similar to Cupaifeldites were  also
previously recorded by Ramamujam {1967).

?ﬂ‘l’u.‘?j' — Sapipdaceas.

vpe Localing — Parayvur,

Holotype — Pl 3, fig. 48; Par, 4::2]-3
whhl pm (235 em).

Cheewrrenee — Common.
Subturma — FPrichepadfvperines Naumoyal

Potonid, 1960

Ceems — Swpotareaicdacpellenites  Patonkd,

& Thicrgnrl, 1950
Grernrype — Sapoiacepidaepoiloniies maui-
Sedpus Potonié, Thomaen & Theergart, 19350,

Sapurtuceniskrepolleniter Aevalaenyis sp, nov.,
M. 1], fig. £
grains.  isopolar,

prtorilly, polar
429 16-200 pm;

Diggrosiv — Pollen
profaie o subprolaie
ureg smoothly Hrchmf
sonaperturale, letracolperile, colpas fairly
fong, margins thim, ori llongate.  Exine
2535 um thick, sexine as thick as nexine,
surface smootlh te finely scubmite,

Comments — 5 feksbindl Venkutnchaly &
Rowat (1973} s smaller and only with
three colpae.  In the presence of thick exine
5. berafgensis s dstinguishoble from the
other species of this ganues,

Affinity — Sapotpteas; particelarly com-
parable with the pollen ol Wowilkora {Bon-
nefille, 1970).

Tipe Lecolity — Pudappakkara,

Holotvpe — Pl 3, fg. 49; Pad, 1l-11;
16-2 820 m {26:5 10F5 pm)
Oveurrenee — Abundant,
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Seprendevelfrepolfoniiey il Sah, 1967
PL 3, fg. 50
Pescription — Pollen  prains  isopolar,

subprolate to bmﬂdlt elliptical in equatorial
view, poles smoothly  roudsded, 334 -
2225 pm; mna[m_numln, tetraenl porate,
longicolpyis. marging alightly
thickenes=d, nry |n|4!.r|.ya‘|e tn ﬁll!h"l}f Inlom-
gate,  Exine up to 2 pm thick, sexine thicker
than nexing, columells faint, surface smooth
to finely granule.

Cowmienis — Sapateceotdaepolienitey afvi-
cursey 15 an wbundant element of the {]miun
beds.  Exine dlrocture 1 clearer a the
South Tndian groing than in the Barundi
grains {Sah, 1967,

Affinity — With the pollen of Peitferia
pnd  Afdmpops ol Sapotncene [ Bome Dk,
1991 CGupla & Shorma, 1977

Sapatacesidecpollenites nevveliensis
Ramanujam, |966

M 3, g ¥

Peseripilon — Pollen  graing  isopolar,
prodate e uamrmlfy. poles. Amtly arched,

26265 17-21 um; ‘ronaperiurale, terica-
colporte, Ir.-ngil:nlpnll:. colpee  almosi
extending wp 1o poles, margrins  sheghtly

Thickened, ends poinied to bloni, o lelon-
gute.  Exing UM pm thick, sxine slightly
thicker than nexing, surfoc: smosth fa
locally faintly punctaie,

Conmenty — Rumanujum  (1966)
cribed  this species as Eﬂpararewrh.-.pﬁﬁ-
ferites  meywetdl,  As the specific name is
alter the locality Meyveli, the specific epithet
should be peveelionsiv and ol aepveli,

Affinity — Sapotacene.

Crocurrenee — Abundant.

CGienws — Mellupellis Sah & Kar, 1979

et v — Meliopoliis Fiarr i

Lah & Kar, 1970,

Meliapolloy guifoneusis sp, BOV.

PI. &, fig. 52

MHapnariy — Pallen gratng mwopolar, pmhb
rounded to 4+ sguarish, polar  diameter
12-17 pm, zonapertarate, tetracolpornie,

colpae considery by short wilh thin margins,

cnds pointed (o Moot ora Fainl, rounded.
Exine -5 1N thick, sexine as thick os nexine,
colomells distine, curface smooth 1o I-nnll:,r
flecked,

Cronmmenty — Mellgpollly is one of the
commaon elements of the CQuilon  beds,
The present species I8 smaller Thon maost
of the oither mombers of this  gem.
Mellapalliv. mimtuy Singh (1977} e larger,
sguarish 10 oval and with thickened oo

..}-l_‘]'i'rmrr— Melioidae of Melwcese,

vpe Locelity — Paravur.

Hofuuype — P 4, Hg. 3Z;

640 pm (135 wm),

Pur-4; 152

Gonus — Frvenstephanocolporites Leldelmeyer,
1966

Genoiype — Faveostephanocalporiies  firg-
cosfufnd Letdelmeyer, 1966,

Foveoste phnocedpoftes lefdelore peril
Pl &, fig. B

DMaguosly — Pollen grains isopolar, amb
rounded to squarish, polar il]i.urul:‘lu'r 20-26
pm, ronaperiurate, tetrgcolporate, colpos
ol nuﬂl[n:lrl femgthy, lenuimarginate,
mesocolpal exine exiends and arches over
eolpoe, ends hlunt, ors promisent, incrad-
saie, slighily lalongate. Exine up to 2 gm
thick, sexine s thick as pexine, cobomelly
tlur. surfuce loveolate, foveolne closely
placed to impact & foveoretculaie look.

Commmenty — Ooeurrence secanional.  The
incraissle orn and the extensions of the
mesocolpial exine overurching the colpas
are fhe 1|:|t|'mrl;ln.t featurcs of this tasomn.
The species is named in honour of Dr
P. Leidelmever.

y‘-m — Labiatae,

vpe Loelity — Parsvir,

Halatype — PL 4, fip 53: Par.
w 70T am (23-5 pm)

;14

Foveartephanocolpariter ndicws sp. nov,
PL 4, fig, 54

Pagnasiy — Pollen ns lar, umlb
I-].'I'hi:l'mdl] |iu|.|:l.r' dmﬂg;:'r ﬂmml TOTh-
apertarale,  penipcolpomte,  brevicolpats,
margng thin, ends blunl, orn rounded,
Exine up to 2 um thick, sexine thicker than



A THE PALAECGBOTAMIST

nexime, surface loveoreticubite, imporing a
spongy lock o exime,

Ceimmenty — Fovdosfepharocolporiice Nea-
coviotiy Leidelmeyer [ 19667 i distingoishahle
in 1ts apertural features.  Similar is the cise
with the species described ahove,

Affimiry — Laksgiae.

Type Lol Eddavat,

J'.l'r.lnrn?_p,r.ln- P 4, ﬁg.
T BT pm (285 m),

& Edv. C-6;

Gienug = Modaprobkarnpollic gen, naw

Tepe  Speries — Podappakkarapalliv  vens
karwehnlge sp. nov,

Mapirgnis — Pollen praind Hopolar, amb

spheroidal 1o stelfinte-sphersidal; siephana-
eolports, brevicolpaie, colpae 68, orm
lalongate. Exime differentially  soulplured,

nexme with undukating or wrmll'r-rm thickan-
ings, sexine fincly pitied.

Capnmonts — Palvbrevicolporiter Yenkata-
chala & Kar{1969) shows peneral similaritics
with the present taxon, but lacks the charac-
feristic vermiculate nesinous thickenings.

Padappakkarapailly venkatachalie sp. nov.
FI, 4, g 55, 56
DNagrosls — Pollen grains sopolar, amb

ip-hm:-idn] Tor i'l.:“.n.l.:.--i.pl'm:rnid.u.]. p-uln.r
dimmetar J8-50 pmid donapertarate. sepla-

ml rate, |JI'¢'-'IEI.'I||;I|.='-. colpal margins thin,
blunt.  Ora lalongate with thickenad
nuigm:i Exine up 1o 3 pm thick, sexine

thicker than nexing, surface n;hl'l'l:r:m.m]:l:,'
seulptured, pexins u.'hl:rwmp characteristic
vermicilate thickenings and sexine finely

ited, pits coalescing al many plices o
orm short canals.

Comnuniiy — This 3 a8 common  pollen
type of the Padappakkars samples and is
chatpeleristic in os overall marphology.
The species 1 pamed in honoor of Dr
B 5. Venkutochaln, il pnd Natural Gos
Commission, Dehrpdun.

Affinity — TCtenolophonoeeae.  Irregular
nexnous thickenings are scen in the pollen
ol some recent and Tossil members of this
family {Saad, 1962; Bamanujum & Porpa-
chandra Rao, IE".I‘T.I.

Tipe Lavalitr — Padappakkarn,

Hobatype — PI. 4, lgs 35, 56, Pad. [1-10;
2385 737 (435 am),

Gmus — ﬂll}'hﬂlui:nfj'lilmux Wenkatwikaly & Kar,

Lreal ype - cepialieg

Venkauwchala & Kar,

Pradylive vieolporit 5
|5,

Palphreviradparites karll sp. nov.
Pl 4, iigs 57. W

Lhingrosiy — Pollen prains ssopolur, sphi-
roicknl and distinctly lebed o poler wigw,
trhomboidal i equatorial view, 11-27 -
23.29 um. romaperiurate, pentacolporate,
colpae |.|:|:|1_~‘.Lru:1::£I und arching al equator,
tenuimarginate, ends blunl, ora proovinent,
lnlongnte, 7+5 pm across, orn of adacent
l.'u:nlpar almost louching cach other.  Exine

to 3-5 pm thick, thicker at poles than
t sewhere, sexing thicker than nexine, lectats,
columella  distinet, surface  intrareticulate
with columelfa below tecium afigned in a
reficulmd  manner. Mesocolpin  with 2.4
prominent thickenings.

Conpmonts — Thess  are  occasional  eles
ments of the Edavai samples, The species
is casily distinguishable rom  Palvbeeri-
colporites  cophaiue Yenkatachals & Kar
(1969) In its' shape, prominent ofm il
inrFasreticulate cxine

AfEniy — Polvgalaceas. The spevies is
named in honour of Dr R, K. Kar,
Birbal Sahni Instifute of Palaeobolany,
Lucknow,

Tipe Lovalify — Edawn

Holotype — PL 4, figs 57, 58; Edvy, L-23;
@b 247 pm (36 23-5 pm)

Genus — Polvialecidices Sah & Dheitn, 196

Oenntppe — Polvgalacidives ciorny Sah &
[Dutin, |56,
Pralvgalacidites slngalaris Sah, 1967

Pl 4, fig, 59

Deseriprimt — Pollen grains isopolar, pro-
kate, T:n|¢-.1. somewhat flnttened (o u'huu»‘.h]:,-
arched, 228 = 1722 pmy  rofaperurate,
longicolpate, pentacolporte, colpag narrow,
marging  thin, ora promincntly [longats
plmost becoming synorgte, Exing I'3 pm
thick, surfoce smipoth,

A ity — Pobypalncess.

iheeyrrenre — Rare,

Subturmys — Triperives (Naumova) Polonié,
1%



Rl & RAMANLIAM — PALYNOLOGY OF THE QUILON BEDE il

Genes — Trigpssiipallanites (Plag) Thomsm &
Pz, 1953
Crevnat vt — Triporapollrnifex
Thomson £ Plug, 1053

cow il

Triparapollnlier plrifus Spe nov,
Pl o4, fig o0

Diagnoyiv — Pollen grains isopolar, amb
trignpular, sides convex, polir  diameter
12-16°5 pm; ronaperiurzic, nporaic, pere
4 eircular, small (dp to 2 wm) with annulos
Exine 1'8 um thick, sexine as thick ns
nexime,  shightly  thickened  around etk
to form aanulus, sorface smooth to finely
pranuir,

Cummerety — Piodropolleniiey stomplex gnd
T pIn'rn'.l'u {Mrrulﬂuj.q.rh.. 1066} drom the
Neyveli lignite are lxrger. T rrivmpadaris
Sah (1967} is with promisently aspidote
pores and finely reticulate sculpture. The
present Ej;C'EiEﬂ- has been encountercd only
pecasionally in Padappakkara samiples,

Jﬁnﬂj' — Moroeeas- :luﬁul'_'.' reeemhled 1he
pollen of Flown anil Arfocarps,

Tipet Loeality — Padappakkuri.

Haolgt ppe — Pl fig. 60; Pad.

: I-3;
15800 pm (133 umd,

Gremms — Triorines I:E"II;E:I & Unnksond ex Coaiper,

Grenol rpe — Trioeitexs mragmificun. Cookson,

950,

Trioriies mcroretfcaficnis sp, now,
A, d, @ &1

DNegvarir — Pollen groims * mopoler, amb
subtriangular, sedes convex, 13-18 o, son-
aperturate, triporate, pores 2-3 pm, potting
at  eguator, p!‘frmfr!lEl‘lLu" aspidote.  Exine
I5 um thick, surfoce microreticulate.

Cegremaeniy — The above pollen type 63 a
mare clement of the microffors.  Friovited
rrggindficis Coolson (1930} i3 considerably
lgrger.  Similar is the case with T, commumiv
Gah & Dutta (19%6) and T, imferivy Dhutta
& Suh (1970}, T\ mwbiferns Yenkatachaln &
Rawat (1972) 15 more distinclly triangaiar
wiid larper.

Affinlty — The apertural features of the
fossil pollen sugeest o posaible oifiity with
the members of Onngraceae.  But for their

smaller sive, the Fogzil] |'||.1|'||.*r| resedililes the
pollen of S
Type Locality — Padappakian.
Holotype — PL 4, Az 61; Pad,
Ped o V19 arm B33 @),

T1-1ik;

Cimms — MWyricipltes Widchouse, 1913

Genoype— Mypricipines shliey Wodshouse,
123,

Myrieipiter Baeeded (Couper] Wenkniachala

& Hawat, 1973
ML A, Tk 62

Desceripiion— Pallen groins isopoelar, amb
irimppular o subtonpgular, sides fat 1o
shightly eonves, poler dimmeter 22-26 i
Fonapertunte, friporate, pores wpto 3 um,
pore margin slightly incrassate, pores aspi-
dote. Exine -3 pm thick, sesine g5 thick
gs nexine, surface smooth to finely scgh-
Foic.

Copimenty — Myvicacesipollvnifer Patonis
(195310 is distinguishable Trom  Myricipites
Wodehouse (1933) in its apertural Tealures
only. In Myvicipiies, the pores are aspidote
amd proruding beyond the equaterial murgin
wy luaii '.:umpnmd to The lormer toxon. M,
Barrindd pollien praing have béen encovmtersd
commonfy in the Chilon beds,

Aty — Myricaceae; closel
the pollen of A yrice hapr |
Aendrieriicr,

resemibles
M. furgu-

Cienmy — Covuarindedires Cookson & Plhe, 1954

Lreman i —  Camtiarinéif o iUzl

Cookson & Pike, 1954

Cormtrarrvmlaliicn ap.
P, 4, g, &3

Deseripriont — Pollen grains isopolar, amb
rounded trimngobyr, sidés conves, polar dig-
mecbor 26-30 um; sopaperturale, iriporate,
pores cireular 1o ellipsoidal, 3-8 pm, sapidote,
pore rim slightly thickeoed. Exime 1-5 wim
thick, surface granular to flecked,

Commenty — The genus  Coviarimglites is
teipgrate, obloe polien with o subcircular
amb and conves sides, and asprdete circuliar
o slightly ellipsordsl pores; the durface is
fnely amd indisinctly patierned. Qaly o
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lew griins of this were encountered in the
Cruilon heds.

Affimitr — Cosonrinaceas.
G-u—n'lf#rlﬂupnr!lu:g{‘uhltmh & Bawii,

Geneype — Mencilaparies FE i

Vienkalochaln & Rawat, 1973,

Mavidaporites guifmmmsic sp. nov,
M. A, Fgs 6455

Diggmoxis — Pollen prains isopoler. amb
rounded trinngular, sides conves, polar dis-
meter 20-26 um; zonsperturate, triporate,
pores up o 3 pm, with conspicoous annuli.
Exine |53 pm thick, sexine as thick as
fexing,  surfice ﬁnr:i reticulite, rru:nhr:s
polvgonal, fine, up to 143 pm across, wming
smooth

Commeinty — M. retleadatie. Venkatachala
& Rawal tl'!"l'ﬂ:l & much larger and more
rounded in polar view,

Fype Lovediry — Padappakiar.

Hofptipe — P, A, fig. &4 Pad
TER = 18 wm (2] pmb,

Clecwrrenee — Comrmon o abundanst.

E-110;

Gmis — Varruoriporites Muller, 198

Genohipe — Verrwiviporites Furtelieericiy

Muller, 1968

ErrUtEpOriTes PETVEITINGINT 5], DY,
FL 4, Mgz 6T, b3

Magmusiy — Pollen graing ‘isopolar, amb
subtrigngular, sides convex, polar dizmeter
16-23 am; zonaperiurate, triporate, pores
aspicote, 2-1 pmy, pore margin bearing
verfucae,  Exine 1-3 pm thick, sexioe alight-
ly thicker than nexine, surface wverrucate,
verreae sparse, of low height,

Copmendts — This is one of the dominani
elements of the Quilion sediments.  Forra-
1rr'p.|1n'.rr.'r furrderensis 1a =|'|:|'.||:rj|'.:ql with |!|u:-|.']_'|l
ph.-::ed VErrucas.

Affimity — The Tossil grains show remark-
nble resemblance with the pollen of Duae-

moduceany of Sonnetatizceae (Thani-
kaimoni & Joyvawesrd, e,

Type Lewality — Padwppalk kern.

Holotype — Pl 4, fig. 67; Pad.
150904 pm (195 em).

M-K;

Ferrutriparites wrmimfofue sp. nov.
Pl &, s 64, 0

Digprasis — Pollen prains lsopolar, amb
subtrinpgular, 20628 wm; zonaperiurate, fri-
porate, pore maeging  beset with  small
verfucay. Exdoe -5 am thick, fimely verru-
calg-vermigulate, verrucae low, ploced closcly
prd Irregularlyin vermiculate paitern ; verme-
cac in vermiculate rows coalesce focally,

Conrnenis— This ls- a8 common élement
of the Psdeppakkarn samples and has &
chamolersticully vermuaite-vermiculaie exioe.

Trpe Locpliny — Padappeblkara.

Heletppe — PL. &, fip. &0: Pad. [V-11:
0z 904 pam {20 pm),

Ganas — Echitripariter Hocken-Kiinkenborg,
i

Genotype — Echilteiporites  teianguliforinds
Hoeken-Klinkeriberg, 1944,

Eelhitriporite B[
. 4, fig, T

Dezoription — Pollen prains isopoler, nmb
sibspheroidal 6 rounded tmngulir, polir
diameter 16-22 wm; zonaperturate, triporsis,
pores up to 3 pm, pmmmr.r:llv nnnulnts,
aonulus up 1o 2 pm thick. Exioe 5 pem
{hick, surl;au: densely spinolose, :[hriulﬁ
sharply poinied,

{'umm:'um — The specumens differ from
E. rrrav:;u-.fn',l'“.-.l.-':.llu Hocken-klinkenberg { 1964
in smaller sz, more rounded amb and

rominently annulate pores. £ frregularis
Eﬂulﬁ:r (1968) is larger mnd with o
scattercd spines.

Erocirreace — Rare al Edgval,

frlmis — ERrmaf il pririfes gen. soy,

Tipe Species — Orndiriporites elegur sp.
LR DI

Mogeosis — Pollen griins sopolis, sul-
|rj.u.'|1g,1.1].|:|.r tov Pounched Il'i.l.l.ngl.lL'u;. Iri'|':|lr;l.1.|.'1
pore matgin ofmale, beser with prominent

mimae or tibercies.  Exine intectae, sur-
age gemmate-tuberculate; locally confluent
to form vermiform 1o cribellage siructures.

Covmareiity — Ferrttiporiner Muoller {19687
15 IrEp-nmlE with vermecnie  exipe. el
friporitesy. Hocken=Klinkenbergy (1964} is tri-
porate and echinate,  Millipollenites (ses
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Rouse & Srivastava, 1970 is o cireular
1o broadly  subirongular tripomte  pollen
studded  with gemmag, tach pore being
bordered by iwo promipent pemmas  of
fubercles,

Crnatefparifer ofegiumg sp, Nov,
Bl 4, llgs 7L, 1

Diggnasis — Pollen grains sopolar, amb
subtriangular, sides convex, polar diameter
18-24 pm; ronaperfurate, Iripofale. pores
up o} pm, pore mArgin incrassate, ornate,
siudded  with 46 promisent gemmac or
tubercles, Exine wp to 35 am thick,
intectife, surface gemmaie-tuberculate, pro-
cesses up to 25 am high, demsely placed
all over, locally amastomosing to form
vermiform or cribeflate struciures,

Corireinty — Pollen prains of this iype
are common glements in the Quilan beds,
particularly near Edavai,

Holotype — PL 4, fig 72; Edv. C-3;
W7 <774 nm (30 pm).

Gemps — Profracidifes Cookson ex Cowoger, 1553

Gemadiper — Proteachifter aobnarnlioldes

Cooksen, 1950

Prategciditey  refonpe Anderson, 1960
Pl 4, Mg 74

Degeription — Pollen grains isopolar, amb
trinngular, sides flat (o conves. polar diam-
eier | B=-23 am, ronapertungle, triporate. porss
2:5-3-5 um, slightly protruding. pore margin
incrassate. Exime 18 um  thick, sexime
thicker than nexing, tectate, surface finely
reticulate-fovenlate,

Canprenfs — This 15 an occasional ele-
ment. Profedeidiies coedsonll Salaed-Chebal
doedf (1878} while resembling the present
taxon, hos larper pores and finely perforate
Exine.

Affinity — Protcaccac.

Prodeaciiiier fruncatnr Cookson, 1950
Pi, &, €g. 75
Deseription — Pollen grains isopolar, amb

triangular, sides flat, eaghes trruncaied, polar
diameter 45-53 nm; roaaperiudale, triporpte,

pores equatoriglly extended. up o 75 pm
across, pore margin thin,  Exioe 3-3:8 pom
thick, sxine much thicker than nexine,
tectnte, columwlla distinct, surface coarsely
reticulate, reticolum homabrochare, hrochi
I;ulygunul to irmegular, mori up to 25 pm
igh, meshes ocensionally  dscontinuous,
[umina irgcgutar.

Ciwrieneridn — This has been encountersd
rurely in the Quilon beds  Profeacldites
adenanthoides Cookson (1930) & slightly
smaller, indistinetly and delicately reticalate
and with convex sides. P proveudus Sgh &
Kar {19700 s comparable with the preseat
;Fﬂiu; 1o the malure of i aperiurss, It
differs in hovipg finely scrobicilate exine.
P, promwlorer Venkutschala & Rawar (1973)
is smaller with granulose ¢xine,

Genmy — Thertsordpollis Pllug & Thameos gn
Krulesch, 15968

Genolype — Thomsanipallis
Pilug & Thomson, 1953

NEEER f.fﬂ TN

Thoweonipolliy ap.
PL %, g T6

[Hagrosls — Pollen grains Bopolar or sub-
isopolar, amb rounded, polar digmeter 30-38
pm; triporate, pores rounded, eguatorial,
oceasionnlly  subequmtoripl, 6-10 wm with
prominent anneli, Exine wp to 22 im
thick, surfoce finely granular 1o smooth.

Comments — These  dre Tuirly common
in the Padappakkorn samples.  Tramrond-
poifis peleocenions Elsik (1908) difféms from
the present species in its . smaller  sier,
subtnangular amb and promineatly myvagi-
nated pores, £ veriornaiey Trom the Neo-
gene of Cauvery basin [Venkatachals &
Rawat, 1973) has & coarsely pranulate exine.
This is a rare elemenst ol e Cullon beds.

Affinit p — Tha Tossil pollen showk respn-
blance with the pollen of Paleguian  offip-
ticem ol Sapofaceas (Gupla & Sharma,
1977)  The pollen grains of P ellipticim
are. however, smaller than the fossil tason.

Gevorrence — Fairly common at  Padap-
pukkars.

Bubturmag — II‘E.::T[{WFHH { Mawmiva) Polonié,

Infraturms — Siepiramopnriey

Potomle, 196

i Hummven}
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Gienins — Tetrapailis Pling, 1953

Genntype — Trtrapelia wlfoher Pflug (in
Thomson & Plug) 19353,

Terrapadits sp.
M, % Rg 7V

Ihepeription — Pollen geains isopolir, amb
rormdly squarishy, polor digmeter [8-22 wm;
Fonaporivrale, eira 1e, pirres uwp o X jAIm
wilh knobalike threkenings nenr pore margin.
Exine 15 pm thick, tectate, surface peilate:

Cormesnty — Only two specimens of thes
pollen type wire encountered in the Padap-
pakkarm saples. Terromelis sp, of Venkata-
chala und Rawat (1972} does nol  possess
any knob-dike thickenings nround The pores,

r._'r.llgwr,rn'l'.'r Faid iy LT LR
M. el T

Diggiosis — Pollen grains isopalar, amb
sphefoidal, polar digmeter |8-22 pm - zon-
nperiuniie, IRimpornte, pores up o 203 Em,
pore mxsrgin provided with acxkaous ihicken-
mgs:  Exine I:3 uom thick, soxine as thick
A pexine. surfiee peilite.

Crnmnents — Rounded amb and the nesi-
pous thickenings around the porcs are the
characlerslic fegtures of this wxon.

Type Lovality — Padappakkera.

Holgtvpe — PL 8 fig. TR: Pad.
228 W] e {22 .

(eewrrencd— Qocasional af Padappakkara.

11-3:

Cormins — Faloragieitiies Coper, 1923

Gt pe — Holorapacfdites drioraius Cou-
par, 1k

MHoloragreidites verrbcalur 5p oy,
Pf 3, fig. 0

Piggaesis — Pollen grains isopolar, amb
sphernidal, mesoporia Fal o slighily conyes,
polar diameter [6-22 wm; sonaperturste, -
traporate, peres ol lipeotdal ta rounded, aspi-
dnfe, pouting, up to 44 am across including
aspis, Exipe 18 pm thick, tectate, sexine
thicker thin nexine, surfaoe verricate, vern-
cae smiall, Mne amd closely placed.

Oty —— Helprapeeldites m_l'rnll.l_lltl-.lfn'_l'.llufl?f-
der Conkson & Pike {(1954), which ix faimtly
wermacate, s larger and with 3-3 pores.

Affinity — Halorugacee ( Myriophting,

Tipe Locmline— Ldaval,

Holotype—PL &, iz, 79;
258« BR4 um (19 pm).

Edv. €13

Grenus — Clinvaperiporiter Rumonajam, |9

Genodype — Clavaperiporites jacoll Rama-
i, 19660

Clavaperiperiies ferol! Ramamjam, 1966
ML 5, figas 00, H]

Degeripfion — Pollen  grains  spheroidal,
polar dinmeter 43-30 um; puniopocade, pores
circular, many, 24 pm, usually obscured by
beavy ornameotption. Exine &5 pm lhlllﬂ:.
fectute, sexine much Lhicker than nexime,
densely clavate, clava 3-534 pm high, heady
mﬂ:atii,- trmngulnr, clnva aligned in o reti=
culaid manner (roloneid. petternd,

e i — ,ﬂrj,\'qu'm-"pm'}nlhlrrﬂ' [Soh, 19467}
and Theneloepoliiy (Sah & Kar, 1970} are
strikingly similar in ther generic ciroum-
seriptions with Clavaperiporites and may be
junior synonyms of the lntter.  Evdrmamipoliis
which alin scems o e similar to Chan-
peripoeites iy, however, intectale and baculate
(K retzech, (962

Affinity — Crolonoid pattern of sculpture
ps exbihited by the above Tossil pollen i
seen in the Exnubes Euphorbiaceas, Buxaceme
pnd Thymelineeas.,  In the Crotonoidae of
Euphorbiaccas, where crotonold paltern of
sculplure is seen, the pirllen  graing  sro
inaperiurate,  The pollen grains of Buxaceae
and Thymchaveas are, however, gimilar to
the fossil pollen.  The Padappakkar grams
show particular resemblance with the pollen
of Thymelisceae und appear fo: be related
to Wilksrrmnie (Selling, 1947,

Ocewrrengy — Common at Padappakkar.

Ceiiis = Anperbosidises Coskson & Pike, 195

Gemaiype — Anacolosidites lutesides Cook-
son & Pike, 1954,

Anavalovicdites futgalles Uookson & Fike,
1354

LA, flgs 82, K3

Deseription — Pollen grains tsapolar, amh
whbtriangolar, angles rounded, sidés shghtly
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cobneave, polar diameter 16-235 pm, G-porale,
(3-diploporate), three pores in each hemi-
sphere gnd aligned in 4 triangle, pores
subsquatorial, cirvalar to bromdly elliptical,
34 pm across, marging slightly ihivkened.
Exine -5 wm thick, slightly thicker at sides,
wurface smoath

Carnprents — The Indian specimens are

serally smaller as compared o the Austra-
ian omes.

Afuery — The fossil pollen shows striking
resomblance with the pollcn of Anpcofoss
alf Olncacene.

Deeurrenre — Comne ) al Edaval, Padnp-

pikkara and Paravur.

Turma — Jugaids Erdtman, |Sed
Subturite — Ferraodfey Cookson, 1947

Geenms — frrpertdretefvodites Hiken-KRinkmberg,

Crematipe — dRgpertiuealetradiles focimagin
Hocken-Klinkenberg, 1964,

Inaperiyrotefrodites. prilane spo nov,
P 3, fig. &4

Diggrasiv — Pollen grion 0 rhom bsdedal
totrads, 374943 umg individisl  grains
oblate aguatorally, FE2155 1T-20 um; in-
gperturate.  Exine ¥ jum thick, surlaoe
psilate to finely scabrafe.

Commieaiy — The thombodal natore of
the tetrads and the pailate exine gre ihe
impertant  features of thiv pollen  type,
Tnapermrotetradites facnosuy shows distinet
reticulate  sculpture (Hoeken-Klinkenberg,
19 Sakard-Cheboldactl, 1578].

Tipe Lovaling — Pudappakkara.

Holotype — PL 5, hg.o 847 Pud, 11-10;
236 174 pm @8 = 355 pm),

Gosmnin — Chetided d daclddat @ fion. ey,

Tipe Bpeeies — Ovnatetvailites draserodiles
BP. MO,

Fomaasity — Pollen ims 1 Tetrabedral
teteads, - individual grains rounded o sub-
oblate, porate; pores 4-E or more, asunlly
indistinct and masked by heavy ormomenta-
tion; confined more towards proximal facets,
Exing tectate, clavate, pemmigle or verfueate,
surfaee between sculptieml elements pundtates,

BY

Coerrmpenty — Dicodetradites Couper (1953)
includes tetrads of fricolperate pollen ruins
wilh clavale-baculate elements and & reti-
cilale sculpiure. o Droveridites . Cookson
(1947} the pollen grains are  ppparcncly
nonaperturnte and bear spines or spinules,
Triporarerradites Hoeken=K linkenherg { 1964)
contains totrnds of pailate triporate  pollen
graras. Polvparateirgdites Sabprd-CheboldaelT
(19TH] mecrporates tetrads of polyporate,
pailate poellen praims.

Crmaetraaitey droserofdes. sp. nowv,
™. 5. fige B5, &L

Dfepnosiy — Pollen grdns in teteghedml
tetrds, tetrads 3443 um, individeal grpins
rounded to suboblaie equatieially, 15-25:
H27 i porute, pores up $0 8, eomewhnt
obscured by closely placed sculptural pro-
eess, confined more towards proximpl facets,
cireular tp Aattened, 25 Lo 3 um  peross,
with thin marging. Exine wp (o 3% pm
thivk, seasine thicker than scxine, icddate,
eolumella distinet, appenring o radil siride
at the periphery of the pollen: supra-
tectal orsamentaton goemmpie-tubsrculnie;
pemnge up to 2-5 pm high, rather densely
pinced &ll over, surfice in between gemmae
rugulate-puncrste,

Caimimeals— Totrmds ol Desatedvalitet drep=
seraither were phandastly Tound i some
Padappakkara samples and  constitule a
ﬁlr:!unml.i:risﬂ-: element ol the Quilon miera-

fil.

Al — Diseraceae  (Chanddi,  1965;
Raj, 197 Huang, 1972}, The letrshedeal
teirads, presesce of porss with  (aise
marging  masked by sculpture  towards
prosimal faseds snd the overall seulpiural
patiern of the fosdil pollen indicate s
aifinities. with cermin speches o Drokers,

Tipe Lovality — Padappabkara.

H.':hfr:li_ppr-— Pl 5., |:'E- HS.; Pril_ ||rt1:
16-2 830 pent (423 um],

Ertratetradites clandae sp. nov,
L 5, ligs H7, Wi

Diggmoriv — Pollen grains s tetrahodral
tetrads, occasional with a tendency fowards
rhomboidal notare, 3543 pm; individoal
prains rounded, 16-23-5 « 18-3-25 um; porate,
pores 4-6, rounded Lo ellipsoidal, confined
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more lowards proximoel fices, wnuimarg-
mate, abscured by heavy deulploral elemenis.
Exing up to 3 pm thick, tectate, columciia
distinct, surface. verrucate, verrucag up o
2 m high, surfice between vesrucas psibie
Ly flnely punciate.

Covrtraeiity — This Thas been (ound in
Prdappakkara and FEdavai sumples; The
species s named in honour of Dy Sunirmal

handa, Bode Imstitute, Crleutts,

Aoy — D oReeaceas.

Frpe Lovality — Padappakkara.

J-'m'-u.r.;l'lrw . Iig. K7: Pad,
362 m (405 wm).

-1

Cagninih — Droserlaffrer Corkson emend. Petonlé, 1860

] G;M]_pr — Droveeiafiies spivosa Cookio,
947,

Draseridites. sp,
M. 5, lip. &9

Deseriprion — Poallen grains im loose tetra-
hedeal tetedds, 20-25 wm, individus! grains
roonded, B0-13= 1517 jarm apparently in-
nperturate, but faint indication af few pores
confleed towards praximal facels mo somae
specimens. Exine wp o 25 am thick,
sowine thicker thun peXxine, tectate. surface
with spinose-baculate proceases; 15 am high,
uniformly disgribuled all over.

Conmienty — This is an accadional eloment
of the Edavai samples

Affnily — TDroseraceac. in Droseracene,
however, the pollen grain are gencrally
porate, although the pores are arked
by the heavy sculptura] glemenis,

BHOUSEILNN

The Quilon beds of Kerala, consisting of
limestones, calearcous clayvs, carbonmeous
clays and sands, eahibit & varety of sporcs
of pleridophyies amd pollen grains of angio-
sperms.  In addilion to these, o strcable
numiber of Tuagal spofes and froming bodies
and hystrichosphaerids have also been re-
corded Trom these Heds [Jain & Gupia,
1971 Roamanmujam & BRao, 1976 Rao &
Ramanujmm, 1975, [976). Mo recognizable
pympospermaous pollen greaineg (saccate or
nonszccale) are, however. ercountercd by
the nuthors in any of the samples studied,

This dicossion b based wpon the ipfor-
muntion contiined b bith parts of the inves-
Eigatiom,

Floristie Analysw — The plenidophytes in
the Quilen microfloss are represented by
4 peaern wmd 3 spoores, loomming  to
Lycopodiacede, Gleichentaceas, Ophioglos-
sicese, Achizgaescens, hcksoniaveas and
Polypodiacess, O these, polvpodinecous
spores are the ubundant ones, followed by
the schizacaceous 1¥pes.  Folipodiisporites
Conmstitutes qualititively and  gqoantitacively
the predomingnt fixon, The bulk of the
Chiilont wiicrofforn consists  of  anplosper-
fouws  pollen.  The  monocotyledons  are
represented by 17 genern and 37 zpecies,
wnd the dicotyledons by 54 penem and 62
species,

The pollen of the monocotvledons are
referable fo Potamogelomceas, Aroldad,
Palmae, Lilinceae, Lemnacenc and Giraminne.
The predominant taxon among these s
Pulmae

The spinaseent and reticulale monosuleate
pollen types, such as Couperipalls, Spimk
zetocedpites, Lowpapertites, Oullonipallenites
and  Paorareripollis are abundantly  repre-
sented ; these are follewed by the teticulate,
imnperturate. Redipifumapines.,

The dicotvledonous pollen fypes are refer-
able to the families, wiz., Euphorhiiceae,
Dipterocarprcene, Coesalpiniacese, Oleaceae,
Ebenaceac, Combretaceae, Loranthacsae,
Lecyihidaceas,  Rublacene,  Armliaceas,
Symplocotacere,  Rhieophoracens, Capri-
foligeeae, Compositue, Clenolophondgceas,
Labiatae, Sopindaceas, Meliwcsae, Hippoora-
teacede, Sapotacene, Polvgalpesoe, Moruceae,
Sonperatinceae,  Onagraceae, Proieazceae,
Casuaringceas, Myricaceae, Haolorapzoeae,
Olacaceae, Thymelwceae sml Drosericeic,
Of these, the mors commonly represenied
families mre, viz., Euphorbiceae, Caesal
piniaseas, Sapotacene, Combrelaceae, Rhizo-
phoracess, Sapmducess, Lecythidaceas, Hip-
pocrateaceae, Olucocese, Clenolophonaceae,
Myricuceas and Droscraceae,

Among the dicotyledonous polien types, 3-
of 4-colporate and d-porate ones constitile
the predominant elementi.  The poalyeolpate
{colporate] gmins oo represent & fair pro-
portion of this palynosssemblage,

The following i the bregk up of the
known botanical affinities 6F the various
spare and pollen taxa recovered from the
Quilon beds,
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FALYMOLOGY OF THE QUILOMN HEls

Clnolophanmcead  Chrmelambinmldi s
e m i)
Lafimne Fa'i.:Jann'au.. Beritepiamonnl-
it
Molacas ledtepialli
Sapoloroie Fapotineamiabaepindfainie s
1 Mt ireu,
Mimseenps,
Fowrerin)
A yricecme M irdidpitas
{ M yelca)
Casuprinpaccas Crsnirinidiies
i € vavaiarvre |
SonneraTace Farrmt ripor ey Qe venmicsiivg
[ Dhwealiriigher |
TH'c'nlmm Prdoachiliies
alnr L Fiealvadamoeadiney
I:Mj'rll'umm'cln'n'.uml
Cknngraceae Tkl areacearedic relofelies
(S )
Dlacnceno Amecadpafaies
If.-lnw..!fu:r.-:lj
melincene Clavaperipoeiies
i f.l'h_rn'rrmn':
Dirmsaraceas theriapirudites . Mroogridives
{ Draserah

The Tollowing spore und pollen oenem
hawve been foond L be commonly o
abundontly reprosented 16 the Quilon heds:
Ferrtcaiippariiey,  Poelvpocliipaeiter (mhun-
dant), Regpitomapites (nbundant), Conperipol
liz (sbundant), Clavapalmaedites {nbundant),
Paraveipallty (ahindant), dpriitey
[abundant), - Oullenipolfendtes,  Falmoepolle-
wites, Decolpopellis (abundpnt), Rerireieolpites
{nbunlunty, Retftresealpiies fanbundant), Fos
veofrlepdpiten, Clensloplonidies (abundant),
Zonacastifestabundant), Heterocalpites, Mar-
pingpafiis,  Hippeerafeceacdites (abundant],
Murgocwdporites (abundantl, Sopodocroddes-
puﬂmin.w I:u.huhdu.n!:l, Tu:.l.fiw'a'pr'ffx, Verrairi-
poriter fnbundant b, Macrdoporifes inbandanth,
M yricipites, Anocolosidites, Clavaperiporites,
and Ormeetetraaiies (abundanth.

COMPARISON OF QUILON MICROFLORA
WITH OTHER NEOGENE AMICROFLOHAS

Nevvell Microfforn — A rich asemblage
ol spores, pollen grams and diverse fungal
remuins -has been recorded from the MNey-
veli lignite of the South Aacol Disirict of
Tamil MNudu in Sputh Didia (Thiergart &
Fruntz, 1962 Ramanujinm, 9630, 193k,
|%0f, 1966-67, 1974, Romanujam & Roma-
char, 193 MNavale, 1960, 0973 Urmila
Dby, 1972, Kalasshl, 1¥77)  The diversity
amd richnes of the F|1|:r|'.|:1-::||'|1'.|:|.1:i: Apored,
the predominnnes of the ll'lE:ii:I-!.l'I‘l‘m!'ll:lli
polfen. ond the peneral absence of the
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gymnospermunes pollen afe comman n
the Cuilon and Meyveli assemblages.  The
fullowing genern hee common 10 bBoth 1he
amsembinzes . Loavvigaiospaiites,  Ferricoil-
aperiteys,  Cravwreiifeiledes,  Polyprooittporites
{ = Palipadisdites), Sehitovoeivpoarites, Retis
pifevieipiner,  Spianingperiuriies,  Avecipiies,
FPulrerepollentves,  Lillacidites,  DNeolpopillls
(= Duileites), ﬂur'.l'um;‘lm’l'w.l.'.".r.ﬁ. .f.r]n_q'ulpfr-
fites, Polvealies, Peifairicelpoeiies,  Avpiios
::-e|:.|.l:,:l|'.l||'|'l:'ru'.h'_ul Hj;.lp'.lr'r:m'.;u|'rr.|':.|'r.'|.-.'r, s N TR
eastites®, Srmplacnpolieniies, Pﬂl’m'rlr'nfrmn-
miter,  Reifeieodpites,  Polcgalacedites®,
Margocolporites, Saporacenidoepolleniies, Fa-
doppakLarapallis®, Cleanlppionidiies®, Mar-
ghipediin®, Polpgoracidlier®, Marofopgoriies®,
Proteacidires,  Argrodeoidifer®, .ifﬂ'l‘n'p;.ll'.h'j.
— Tetracelporiter),  Paotvealpivies, Rebivlemin-
maealpiies®, Monoporopoffendes, Triparopolie-
mites, Heloragariadftes, Clivaperirariivs and
fmaperiivstetradiies (" — inlormabon from
D G, K. B, SNavale and the work in pro-
Er:ﬂs in our own lok.)  The Quilon micio-

ore on the whole appears (o be more
viaricd and nicher than that of the Meyveli
lignite.

Microffora of e Cmeepry Bavie— The
Meopen: mivrofiora of the Cauvery  hasin
has becn studied recenily by Venkoiachala
and Rownt {19730 The Qeilon microfion
shows significant stmibwrities with that of the
Cuauvery basim,  Ferridalosporites (= Polp-
podiispariees),  Canveripafiis, Macwoperiter,
Cagdalipenlicimires, Sepotaeeadifipelicaiies,
Bombaeaeldites,  Foveotricalpitey,  Paluoe-
coprormsandies, Proteameldine, Tallsfipltes, secn
commonly o Lower to Middle Micoene
of the Cauvery basin, are also kngwn from
the Quilon beds;  Furiher, i number of taxa
comman b boeth  Palacopene and  MNeo-
HeTke q[ the l:n.u'.'vl:l:':.' basin hive alio been
recarded from the Quilon beds,  The hastr-
chosphaerids reconled from the Cilon beds
are known [rom the Ohigocene-Lower Mig-
cene sediments of the Cauvery basin,

Respite the <luse sinnlarity berween the
r:'lir_"r'n m1.|. .u.i-eh:rn].ﬂul.'l:'n. il the Qui]un Bede
and The Lower to Middle Miocene of the
Cauvery bazsin, one dilference looms, e
the presence of o number of polyeolpate
for colporiie]l pollen vpes apd the ab-
genee of the saccate <oniderow  pellen
in the former, Wagseitrirtitey spores and
Malvacoarvmpollis Eru[h.'n known from e
Meorene of the Capvery busin . uré also
not found in the Dwilon sediments,

THE PALAEOBOTAMIST

Nevageme Miceafloray of Assam aod Beogral
— The microforal compleses of the Miocene
and  Phiocene {Surma, Tipam & Dikiog
seraes) of Assam have Been studied by Baksi
(1963,  Banerjee (19, Suh and  Duita
['I'IECHI\, Sali nnd Ei"ngh. II"}TT]. und ﬁnlujlul
Kindra and Retman (1977 The beminning
of the Miotene In Assum v recognized
by an abundance of bisaccule coniferous
pusllen, and  the Fregquenl  octurmence ol
Parkericeas spores  and  Pelrgonacidites,
But for the Parkeriaceac spores and the
conferous pollen most of the other prlyvpo-
imxa - known from the Lower Mioceme of
Agiam are sl koown from the Quilon
beids,

A comparisen of the mierpfforal asssm-
Blages of pabnological wones of  fhe
Benpal Basim (Baksi, 1972, [974) with that
of the Cuilen beds indicales & gencral
dmilarity ol the poalvnolopicsl fone W
{representing the Miocene age) of the former
with the spore and pollen complex of the
latier, wm the following criterm, vie (i)
presence of  Barringtonis (= Marginipoliis)
pollen, (o) great abundance of the tricolpate
feolporaie) and tripomie pollen, (i Tairly
abundant eccurrence of the spinoss mode-
guleate. pollen, wod (iv) the presence of
hystrichosphaerids

Mieratfore of Barwed! { Afeicd) — The Mio-
eene-Pliocene microflorm of the Rusizi Yalley,
Barundi (Sah, 1967} shows a close aorcee ment
with that of the Quilin sediments.  The
plemndephyviic sporcs such as Preefdecldfies,
Cihptidites, Chpmfolsporites,  Foveasmoriies,
and Polipodilporiies are. commaen fo baoth
thess microfloras.  Among the apgiosperimic
R:Ilr.n types, the following are common to

st the  Qluilon and  Barundi palyno-
ajﬂlﬂllhgr.‘i. '-'i!.. Pr:.'r.rm'ﬁh':lfﬂ'ﬂ.l'n'e.'r. ..-'l.-ﬂ'r}?fr-.-s,
Reuptlmrapiior, Retiteeseaodpifen, Composiiai-

pollenites,  Bombaeacidites,  Sapotoccoldae-
fralleniiee, Proreacidites, Mellapuiliy (o« Tetra-
colparites),  Palicolpines, Spingmosoporiles,

Ancieidosiditey nid Tedperopelfenier, Baccaio
coniferous grains recorded Trom the Meogene
ol Harundi, however, have nol been recorded
from the Duilon beds,

Thus, on the whols, the spore and pollen
comiplex, of the Quilon Beds exhibilts o
mignificant resemblanoe  with the Meogene
mieroflloras of the Nevvell hopite, Cauvery
basin ond Rusizi Yilley of Barundi. At the
same time, o number of laxa are mther
peculiar to Quilon beds, viz, Crofonaidar-
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Follemives, Clovapaimaceies, Crormeisifciies,
Paravaripollis,  Cuifomipedenites,  Heteroeal-
pites, Lorandnpiter, Ormatciporites and Orag-
tetradites.

PALYNCHAOGY ANDY GEOLDGICAL AGE OF
THE QLUILON BEDS

Jacob amd Sustry (1%352) on foraminiferal
evidenee . assipgned 4 Huerdigalian  {Lower
Miocent] age to the Quilon limestones,
Dy {1962} assigned a Vindobanian age
iMiddle Miotene) 1o the Quilon limestomes
on dhe basis af moluses.  Poulose  and
Marayann Swamy (1968) opined that the
Rurdigalian age assigned by Jesh and
Bastry {1952} for the bore<hole cores and the
Yindobaman age assigned by Doy (1962
for the topmost limestone beds (outcropd)
at Padoppakkors. probably comstituies 1he
fower wnd wpper age lmils Tor the Quilon
bedi. Fao and Dutts {1976) support the
Burdigalian mge of the Quilon beds on the
basis of foraminifers and ostracods.

The spore and pollen comples of the
Quilon beds, as hos o been poinfed oot
N prev ous poEes agrecs: signilicantiy. with
the Meomens micrefleral  assemblnges of
India and Africn. The profusion of Pof)e
prditsparites, conpled with the oocurrence of
Craasoreditrileses, Procidpckdites, Treahocpds
sporis-und Eximoiporsd among the plerido-
phvies when faken in conjunction with the
presence of Diealpepedlis fabundant], Cqverd-
poifie,  Macifoporites, Comporitnimollimnisey,
Hippecraienceaedites, Retiveicolpites diptero-
carpoides and the abundance of the pollen
Iypes of Cacsalpiniacess, Sapofacese and
Drroseracene also point uncguivocally 1o-
wards the Mictene age for these beds,
The abundance of Meofpapallis and pallen
grain of Cacslpinmceas and Sapotacens
15 charoctersine of the Miocene gy of
south-cast Asi {Mulier, 1974),  The palyne-
pssemblage thus supports the Lower B
Middle Miocene age ussigned o the Quilon
beds on faunal avidence.

Patocochivimre  and  Depesiiionsl Enviren=
ment — An overwhelming majority of the
lossll spores and pollen graing with recop-
nEably  bolpnical affinices  indicntes  the
presence of cither exclmively or chiefly
[Fl:l['li'-‘-[ﬂ familics in the Quil-:ln microflors,
The whundance of (erne (Palypodinceas,
Schizacaceae and Dicksoniacese] and the
presence ol Dipterocarpacess, Ctenolophon-

accae, Olucaceae wid ooy of Sonne-
ratiaecas points loward heavy precipitaiion,
It may thes safely be concluded that the
climate of Kerala during ihe  Miocene
was of the tropical homid t¥pe with plenty
af rafn full, - As the present day climute of
Kerly is of the sume kind, one i tempted
to visunlice that perhaps there has pot been
much chonge In the climate of this region
ginoe the Miccene epach

On the whiole, amoae. the angiosperms
the pollen of arborescent plunis predomi-
mate over thul of (he herbaceeus ones.
The rarity of the puminaccous  paollen
indicates the pawcity of prass cover in the
pegion.  The majarity ol the pollen gruing
ethibit diverse types of exine soulpturing,
aften of a very oroate tvpe, which ma-
dentally indretes that they were produced
by entomophilous planits wnd that there wis
not much of lopg distance transport of
pulynsmeorphs  eihor By wind or  owaler
ay maost of them orginated from plants
growing in and warownd the  vicinity ef
the depositionnl site. A few pollen types
referuble 1o the subtropical of lemperate
taxa {Myricooeae, Thymelinceac, Svimploca-
oo, ele) may  have had thar dooice
i the mounfainoes regicn nearky.

The migroforal investigation of the Cuailan
sediments has brought to light the following
data that could suilably be o wblized in
mascssing and evaluating the nature of thelr
ﬁ:pnﬁr[iuhﬂ envirenment,

(nh Oecurrence of hystdchosphasnds.

by Occurrence of Polypodiaceae and
Schizncdcne spores

&) Cxcurrence of pallen comparuble 1o
Barringronte,  Meizopiorg,  Laniedi-
soet,  Nipn,  MWetriowfor,  Cafane,
Irigrtes  and Fll.l“I."I.'I rilerable ta
Acaliaceae, Sapindaceae, Meliaceas
and Droseracens

[d) Qecurrence of polen types relgted
by Poremegeton, Lepma and M irie-
phtlom,

Thee faimal evidenes mdicated neritie aod
shallow marne conditions at the time of
deposithon of the Quilon beds (Peulose &
Moravani Swams, [968). The record of
hystrichosphacruds such as  Actmosphoera,
Clebspospfavriolinen, Spfaiferites, etc. and acri-
tarchs represented by Salrispdaeridieen [rom
cliva and alcarenus clays of the Quilon
Formution lully substantintes thes contention,
The presence of pollen types related to
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Borrpgiowiia, Rilzophore, Lpmnitzers, Nima,
Teirtoa, Calamus, Metroxilon, Aralinecac,
Sapindaceac, Melipcens and  Droscraceae
and the spores of Pelypodincess and Schize:
aceae clearly testifies fo the prevalemes of
brackish water mangrove swamps all along
fhe const line. The mapgrove foresis en-
compass cxlensive arcas tvpically between
the low and high tide regions. Depending
upon the deégree of salinity and tidal
influences, the MAGErove swamps in fropics
are found in the Titoml regions, st the
river estunrines, along the cracks and lagooni
and on low mud futs alone 1the sex coast.

The non-mangrove members of Palmae
may have occupicd @ position away [rom the
storm tide. The pecurrence of polflen types
reforable 16 Potamosctonacens | Pafosd-
geton], Lemnacens §Lewng) ond Holorap-
ceie (W erinphylim highlighis the presence

ol freshwater lakes or ponds. dottog the
landscape, awasy from the mangrove helt
towards inkand.
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TENTH SILVER JUBILEE COMMEMORATION LECTURE
PALYNOLOGY 1IN OIL EXPLOBRATION
5. M. TALUKDAR

Inticute of Peroleum Exploraticm, 6 & Mol Gis Commission, Koulogarh oo,
Dihrsifisn 245 (KFE, Tnatin

INTRODUCTION

HE Berbal Sahne Institite of Palaco-
botany is the prémier resenrch orgunis
gation of its Kimd in India, A& prestl
acicniist, whose  nome  the insbfute
bewrs, was its Founder, and it wis 1o him
that &n oil company turned lhirt}'-ll'nur ieurs"
igo, to solve problems of stratigraphy in
pif-bearing stram of Upper Assam, which
had no dizgnostic marine fossils.  The assa-
ciption between palicobotony ond ol ex.
loration 10 India, which began then, has
ned in subsequent years. refore,
when the present Director of Birbal Sahni
Institute of Palacobotany approached me,
earbier in the year, to deliver the Tenth
Srlver Iubilee Commemaration Loctore hepe,
it was g debt the discharge of which could
nol be refised, however, unworthy T maoy be
lo represent petrolenm exploration i fhis
distinguished sathering, and wndeserving of
the bomowr of delivering this lecturs
1 think that it will bs appropridte for me
o speak abowt the role of palvnology in
oil exploratton, for ths s the topic which
provides the conpecting link belween the
Berbal- Sahnl Institule of Palieobotany and
the Instifuie of Petroleust  Explpration
There wre Fowr main aress o ol ox-
plovation, where the role of pivnology is
very signtficant (Text-fie. 1). These wre :
{1} stratisraphy, (i) palacogeogmphic -
comsiruction, (i study of vil sourcs rocks,
and {iv] mpturation

ROLE OF PALYROLOGY 1N STRATIGRAPHY

In il exploration, the miain application
of peelopy i in e domain of sedinenis,
betause oil 16 Tormed and petumulated in
sedimentary rocks.  Such rocks are depo=
sited in finite pegative sreas of the carth’s
surface, which are the dodimentary basins.
Most stdimentary basins tend 1o remain

FRIGI
REPRODUCTION TRANSFORTATION
J'I'II'I'I:I
< WATE R
e
DEEDATION
FHHFM
Hﬂ:?f“
APPLICATIONS
[ 1M OiL EXPLORATION |
& FOMATION
B AGE DETERMINATION
c CORBRELATION
b PALEODCLIMATE
E FPALEOGEQGRAPHY
F ORGANIC MATURATION
G AREAS /HIRIZIDONS

FANOURABLE FONR
OIL EXPLORATION

H OIL MIGRATION

Tesr=nci. 1 — Hile ol

nnlymidiagy s ol eaplord=
Flive dwnidiflel sler ﬂlllj..h-l_

(L

a5 :]l:g.n[h'l: wreas over most of ther aerenl
exfenti, through most of subsequent geologic
time. Thizs means that thewr siratigraphic
details can omly be obtuined from  the
subsurface; princpally by drilling wells for
otl and gas exploration — vou cannol send
a pelivgiss o colloct samples (rom the sub-
crop for simmtigruphic studies.  The volume
of rock obtmined ax n sample inoa dnill
hole & small, therelore that sample most
contiain the indicative fodal or mineral which
can be used an straligraphic  correlalion.
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Thus, Gargemopterly  ercloplersidey  var,
mafor may be the indes fossil for the
Karharbari Swge of the Damuda Group
of the Lower Gendwana ™ Series ™, but af
the drill hole popsss b 2000 m depth
throuph o patch of Karharbari shale without
{rangamopicris rJ‘rl’n,rfr.‘rﬂidr.v var. mgior Jeal
impression, we shall nol koow its sirafi-
graphic posstion 10 be Korhwrbad., Morc
will it be possible to drill a arge aumber
aof wells, each costing mere than one crore
of rupees, In the hope that one of them
will supply ws with a diagnostic megafossil
when passing through Karharbari shabes.
The form or populaton with the ideatifiahle
stratigraphic attribute must be ubiquitous
enough 1o be present in a drill hole sample.

It is in this respect that palynology has
become ncreasingly Importapt m oil ex-
plomtion, beCatse the content of Fuhspﬂ:res
in rocks is much higher than other 1!'u.r11U-
lations of Lhmnuluﬁlt .lr,g,nl:hi‘.'uni.n his 18
why palynology attracied the atiention of
oil exploning orpaniiations, ever since 1936,
when the Boyal-Dwich/Shell Group stud-
ied polospore  successions o solve The

THE PALAECHROTAMIST

problem. of correlation of Tertiary lignilcs
andd hgnitic clevs in Mexiwo. Ino India,
Burinah Oil Company cnconntercd similar
problems i Assam, and  dn 1947, they
requiested Prof. Birbol Sabhed to study core
samples of Barmil. Surma, Tipam and Dheki-
gjull Tormaptions for establishing palyno-
lossll successions, which could be used for
strutipraphic annlysis of lhese immenscly
thick clastic sequences.

Palynology has o definite advantage: over
other subfurfzoe correlation methods, sad
this 1= the only practical method known
s far by which non-marne  sediments
can be correlated with marine  sediments
(Text-Gigs. 1 3), Much bhas been  mpde
of 1he tridm of micropalacontelogy in
stratigraphy. A great deal of informetion
has been accumulaled on these wery small
marine animals found in sediments, tnd o
ot of standard chrono- and Blo-gones have
been erected on the basis of sequences of
migroforiminifers.  Mevertheless, it should
bo remembersd that, of the diffsrent tvpes
of forpminifers, o is only the calcarcous
foranms, mnd among these, only those of

MARACAIBD BASIN
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fanktomie habil, which are widaly

in correlation. They ocour only in

marine mndrtrﬂm

e e

ferz, w :vn]wd much  more

uted and have cvolved mpidly enough in
cartain periods of Phanerozoic time, for use

"Al':llh reciuced sl y,
¥ arengccois forammi-

through time, aund are therefore not of
much use in correlition. Even the more
rapidly evolving planktonic calcarcous forn-
mminifers  wee  really of high  corselation
vitloe onby when, as in the Guli of Mexico
deltmic sequences, they ans associated with
marine transgressions, which punctoate the

disiri-

apern

slowly
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general propradimg, By delia nuhhan'l:li;:;,
that ocourred in this area, from the Jurassio
onwards. When these frandgressive Tongues,
each with a particular gpecies of foramini-
fera, have been Tollowed down the palaco-
slope, they have t.lp&ndnd and Ellduﬂ-“}'
meerged with the soguenses abowve and helow
in holo-marine areas. a5 we would expect
them to do, Thus the zonsl boundaries
dofined by planktonie foraminifera become
less distisect in areas of bole-mmorine depar-
gilion than they are in arcas 111' inter-
tnngulna of marine anel nop-marnz s=di-
ments. From the poinl of view of il
exploration, areas of holo-marine deposition
over edtended periods of ime are not the
best locales Tor  looking lor  substaniial
reserves of ol and notural ges, The ociur-
rence of ol seems to be ascovmied with the
transition. [rom the marine to the non-
marine environment of deposition in A
sedimentary basin at any particular point
of time, This = because 0 bs oal this
transition thut the oplimum pssociation
betwesn source rocks (largely marine) and
reservonr  rocks  dmarine (o non-marine)
occurs.  Here detailed correlation ugross the
Facies inferfaces by means of microforamni-
fora s not sucoessful gl olle T i because
of this limitation that oil companies, wha
were pioneers in the use of forams dn
stratigraphy. hive gone in for the study of
spores and pollen for stratigraphic ronation,
Although spores iand pollen originate lergely
in terrestrial plants, their easy transpor-
ability ensures that they are widely distri-
huted, hoth in marine ns well as i pon-
marine depositional environments.  In il
and Matural Gos Commission, the problem
of correliriion O simata  asociaied Witk
ol reservoirs with po manioe fossils i
them, also mode us turn wvery early to
pafynn!n y For solution,

T}']'IDFEHSEJIE we penerally  inclode
!.punﬂ, pollen grains, ngnnoplanktons, silica-
flajmilates, dintoms, dinofagellates,  oori=
tarchs, wleae, amd plant remains such as
cubiches, exines, tissue fragments, cic. (P11,
figs 1-10).

According to Talukdar (19500 the ad-
vantages of correlation by palvnology are as
Tinllovws :

I. The relatively indestroctible nuture of
the pollen. Evan Pre-Cambrion metamaor:

howed sediments contin identifiable palyno-
Fossils,
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3. Their relative abundance, parbcolarly
in sub-surface samples. This allows the ose
of quantitative methods in ther study.

3. Tharr spscephibility to long distance
raasport. _

4, Their vccurrence in both fresh woter
and marine envircnmenis enabi=s oz 1o
corrolaic standard  marine sequenves with
NOT-Maring sequences,

5. Their colouration indicates The highest
lemperature 1o which the host rock was
subjected subsequent to ifs formation.

f, They are good indicators of the ece-
logical habitat of source. and are thus of
greal imporfance in the study of perods
of rapid climatie change, such s Che
Pleistocens and Holocene

The disadvantages are:

I. Small size of spores gnd pollen make
them particularl sum.'rptlblu fo the cemovil

waters crculating through strata. An
oulerop mey be barrfen, wheisl subcrops
have proific spores and pollken conlent,
A buried unconformity may, for the same
reason, gve Tie to poor vield of spores
gnd pulln'n in the stratum befow ihe un-
conformity,

2. For the same nagson, and becapse of
their resistancs to moghanical eroston, the
older forms are ensily recincorporated in
vounger deposils, complicating stratigraphic
interpretation.

3. Dnsapgregation of spores and pollen
from host rock s mol emsy, dnd The vield
i5 strongly influeseed by the methed of
separation,  Spore-pollen colourgtion s also
affected by some of the chemicals usesd in
faboratory separmtion processes.

4, Sineé the land habitat is mweh oo
diverse A% compared o (he maring habital,
he separation ¢f the sourse fustor from The
apge factor of polespore populations is not
pagy.  While thes & an advantape in palago-
peographic work, it is a distinet disadvantage
in stratigraphy.

5. Some of the sconomically most tm-
portent sediments, ssch a3 evaporiiss aned
carbonntes, do nof contein  dgeificant
amannis of spores and pollen.

fi. In older straw. it i dificolt to relute
spores and pollan with ihe plants and trees
which gzave rise to fhém,

7. Taxonomy of spores wed  polles s
bpsed entirely on marphology, and lineage
hased on peretic linkage are oaly inferred.
Yot all stratigraphic and palacogeographic
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conclusions arg based on the assumption
that the evolutionary sequence of polospores
can be inforred from their morphotogical-
Linkages. This iz, of courss, a problem
which & common to sl fossils.

A distinguished pathering  of soentists,
such ms this, will ba interested in ke
theorctical basik of palynosteatigraphy, which
iy ai Tallaws,

The theoretical hasis of palynostratigraphy
is the change with time of popu LIS
Mizw

and species ol spores snd pollien.
speches may ariss in & number of ways,

—
T
EFISOOES OF
= N HRETTON
& IBILATION e
# EXTHRCTION :
L2l 1]
MODEL € EXTENT
RETI

s

of which the three more imporignt are
(Fext=fig, 41 : (i) spociption by pliylotic
raduslism (i.e. Darwinian clasical model),
{Tl] by punetuated equilibria (Eldredge, 1971),
(i) roticukate speciation  {Sylvester
Hrs,d]:_l.r 1977
In phyletic graduslism, both phylogenesis
{Le. origin of new spocies, by |ru:u.’h1:1.1|um1:,
artsing in couree of peological Ume, n oo

single phyletic ling) and cladogenesis (origin

now species by
phyletic bne} occur,
episodss of  migration

the splitting of the
Thiz involves (he
and  isoktion, [

EXATENT

Tixr-rig. 4— Three difierent ways of cvolution of species tafter Sylvestier-Brodley, 1977,
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wilibria moddel, pew species
arse abruptly. s invelves gpiscdes of
m:gn:ﬂ.m-n.. ||:-.j|.|.|.1|.111 wind extinclion. la pegi-
culnte speciation, new species Arss in courss
of expanding migration, with hyhridization
between geographical mces. It combines
the features of phybetic gradualism and
punctuated equilibria, although punotuaiad
uquili'hr.i.n. ane  antithetie e gradualism,
Sylvester=-Bradley (1977} claims that phyletic
rradvalism provides o fool that cn be
coupled with statistical evaluation of any
popuiaiion Lo pive a precse poist oon i
curve, correlotine evplutionary modi feations
with stratigraphic position.  The model of
gun:tua.tnd equlibria provides, on the other
and, ® serics of indes Tossils, cach of which
Elunc:!nnm one of & serles of consecutive

the punctusted

Th: three phylogenstic patterns have been
described to have quite different functions
in biostratigraphy

I. There s sufficient d-:h.nE’ll."r of efror
in using a polylypic com with its
associated gmmphl:ﬂ.? sub-species,  and
changing morphotogy in different directions
with time and space. for correlution pur-
poses, This danger becomes still grester
if the species also exhibits ecolypic virin-
tion, whers the modification s caused by
the sanw eovironmenl at different Hmes
Buch u species can be used for sfrati-
graphic purposes, only after studying the
varations over the eniire proverance of
Bpecies.

2 In ease ol polymorphic species,  ddis-
continuous speciation  showitg punciuated
equilibrin, we get the results which are more
helpful in defining the zonal boundaries.
Thus, one rone 3 abruptly repliced by
another, and I% easy Lo recognize.

X In phylctic graduslism, in order to
determine the securale slope of evolution
in the lmeape. besides the knowledge aof
taxonomy of the group, it is necessary to
study m very large population and carry
ot statstical anplysis of vasfance.  Such
statstieal nm]:,.-n; ol 1 !InmE.. I‘E.'prl!l&dl'lhrl.E
I'lh:.l']E[il: ]mdunliim wives a more reliahle
stratigraphue piciure.  However, phylogeny
i rarely produnl, and more often  dis-
cofitinnous.  Therefofe, o8 Cinmol S
thil new species evolve in ope pasticular
manner only. Puncluation in biostraii-
praphy does exist and 35 helpful in Goding
the zonal limits

THE PALAEOROTAMNIST

Palynivgones in @ sedimentory seduence
are genetally deciphered on the basis of
[piar  griterin ¢ (1) cstabhshment of oan
evolutlonary seches, WY first appearance,
maximum development and estinction tops
of groups, genety and specess, (il gencral
assemblage of palypolossils and their ratio,
and (ivh inerease and derease in guinity
of palynolfossls

In our own work in the Cil and MNatural
Gias Commission, palvnology hos given us
information on siraligraphe  position ol
iherwise  unfossthferous sequences  when
other informaetion wos 1|-|.|:Li|'|g. Drrillimg i
Gangetic plnins had conlirmed the scenr-
rence ol [wo sequences, an apper wnfolded
one Thickening norihwards, and o lower
sequence with mojor folds and faals.  Both
are devoid of micrefosne,  However, spores
and pollen were recovered, and B was
evident that the upper sequence s of Siwnalik
age (Upper Mipcene to Pleitocene), whercas
the lower sequence is of Upper Prolerozoic
ta Lower Cagmbripn g, equivalest Lo
Vindhyans cxposed fo the south of Gangelic
plaing, in the area 1o the WNW of (he
Patna-Seharss subsorfoe: high.  To il :nsh
the folded sequence below the Neo
of Gondwona age, and 1t 15 possl I!t l|'.|-
cstablish, on the busis of polospores, the
boundary between the Perminn and  the
Triassic bn  the subsurface newr Pornes
(Venkatachals & Rawat, 1979 L'nir|:1|l|1.r|'.-.
it wae only possible to fix the tlr.u.llgruphll:
position ol the 40 m thick Dharmszla
seguence af the loothills of porthevwesierm
Himaluvas on the basis of palynoflora.
This thick seguence of sandstones and red
clivs ranges i age from Qligocene 1o Lower
Mipcene [Mathur, 1979), The overlying
Siwalik sequence, known the workd over
for dts wertghewne Fossils, was examined
by the ONGC in preat dewall fn outerops
s well as in deilled wells,  We Tound thet
fossil wertebrute ooourTences are extremely
rare, and totally ahsent i drilled  wells,
Heavy minerals did allow some corgelition
between blocks, but hepvy minem] popula-
lione were proviacial, and heavy minerzls
eonld not be used Tor widespread correlation.
However, palynofiors doesd occur, pol i
as much abondance as we had  heped,
and from the pelyooflors Lower, Middle and
Ul'lrldr Siwvnbik l.|.1|:|_|.lr'|1u:|.1l {l{ll‘.|:|.| thickness
in excese of G m) ol be ted inko the
standard Tertiary time sequences (Mathur,



TALUKEDAR — PALYNOLOGY IN OIL EXPLORATION

19791, Such work also showed the strong
time-fransgressive nature of the lithologs
EORES

To the northowest of This kel in Ladokh,
the age of the voungest sedimentary sequenge
{the Ladokh Molasse) was eslablished s
ranging from Palacocen: 1o Miocene (Bhan-
dam ¢t @l 1977 Palypoflora  pecorded
from the tufls peeociated with the Dras
Voleimics sugpests That the valcanic episode
here 4 conpfemporancous  with that of
Decean (Mathur & Jun, 1980). This has
olrvlous implications in regard to the wetonic
history of fhe Indion plate in ferms of the
plate Tectomics hypathess,

Im what i essentimlly o continuation of
the Assami-Arakan fold belt, the Andaman
and Micobar islands, workers in Lhe Insuitule
of Petroleuym  Exploration  have identificd
pulynofossls tvpical of the Bargils of Upper
Assam und thus established 8 basis for
long distance correlation between widely
sepurated aress. The palyvnoflora: of the
fowermoal part of Port Bair Formation of
Middle Andaman Islond s alse similiar to
thut found in Burdwan Foarmation of Rengnl
Basin (Mathur & Mathue, P30

In Benpal Bosin, 4 lorge poart of the
sequence can  only be glasilied on the
basiv ol palymostratigraphy.  Established
polynostratigraphic zones can be recogniced
throsghout the basin (Test-fig, %),

Al the pther end of Indig, Muller (1974
imdicated a close similnrity between the
Alblun-Senonian palvooflorn  of  Kachehh
and that of Bormeo and Australia, which
provides tome inferesting . contrasis lo The
nffiniies of The Mesornic Cephalopiad T
of Kachchh with those of Madagasear,
Subsurface moterial obtgined by drilling of
deep wells by ONGC in the Banmn of
Kechehh and studied in our Laboratory
has clearly  indicated the beéginming ol
sedimantabon in (he Rhaetic-Lisssic times,
somewhat  enrfier than  obtinable  Trom
surface evidence (Koshal, 1975), Tn the
Tertiury of Kachchh, we conld crect 16
palynoromes and coreclate them with siap-
derd plankiopic feraminileral zones.

In the course ol ail explosesion in the
other shelf of Indus Basin, Rajasthan,
the ONGC lound it necessary o establish
a palynofogy labortory at Jodhpur for
solving problems of steaugraphic correlation
of sequencey met  with  derieg drilling,
With the help of palynofiora, 18 palynorones

1

could be established in the Mesozoic,. In
the  Jurassc-Lower Crotaccoud  transition
which 1% totally deveid of Ffossil fauna,
the boondary could only be obigined from

lospore duta (Mathur & Mathuor, 1976}
erminn and Trassic sedimenis were also
recorded from palynelogical stodics (Tikka
e el , 1976, All this stratipraphic informa-
tian, uselul lor detailed amnlysic as well as
foor intra=-takimnl correlation, conld nat have
been obfained by any other means.

In uddition 1o estnblishing the ape of a
stratum or sequence, of course, palynoligy
Ei'.-.:a. W Hr\eni deal of inforfmtion on the
pataeogzngranhy,

PALYROLOGY  IN  PALAEGCEOGRAFHIC
RECONSTRUCTION

The peologist who i engaged in oil ex-
plaration very soom realises that where The
volume of rocks in a sedimentary basin
containing commiercinl deposits of ol and
pus ‘B very lorge, megsurabie in hundr o of
thowands of millions of cubic kilometres,
the fraction of interest for oil exploration
i very small percentape of the total rock
volume. For example, the Gujerat petroli-
ferpus basin has about 100000 cubic kilo-
mciers of sediments.  The totul il reserves
of this basin; which supphics 30" of Ingia’s
indigenous  production, occupies a rock
vilume of only % cubic kilometer.,  Soorce
pocks and reservoir rocks cach, are deposited
in particilsr physico-chemical eoviromments,
and s0 are cap rocks.  These environ-
menis are inter-rélufed in Gpace and time
with each other, and therefore the different
souirce and depositional environments cxist-
fng in o particular interval of time can be
mapped, the arcas of inferest [rom o the
point, of view of oil exploration in & basin
where fedimentary rocks were deposred
durimg that period of time, can be demaront-
ed, and exploratony aetivitics concentratsd
thare.

Both source rocks apd cap rocks share
pne proporty — they are fine grained, How-
ever, wherens all fine-grained rocks aré
poodd cap rocks: all are nof pood sowrce
rocks. It is mecessary that source rocks
should bBe fine praiped, betpuse onaly in
leew deposithonal encrgy envirommnenis goes
orEanie. mudler gei praserved.  However,
il b omldo mecessary that the paliecesviron-
ment should be such that p significant
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quintity of otganic maiter could form and
enable &Il (o be transported fo the deposi-
tional ares, without too much destroction,
Huch Tormathon amld deposition s restricied
to particular envirconments, swch as silled
basins, or nrnfg]clilu Hndd_iml.-nliﬁ[rihlunr}.
swamps in rapidly progeeding @quences,
Reservoir rocks, on the other hand,
should have primary and/or secondary poro-
sity development,  Primirey porosity develop-
menl requires g high enerpy  depositional
locule, warrl: sorting of prains ensures (hat
the larger and better rounded fragments
are concentrated amd finer fractions of the
sediment winmowed ot Secondary poro-
sity development #8 the result of diggenetic
changes subsequent to deposition, as well as
of tectonism after the sediment iz con-
solidated,  Ultimately, (herefore, secondary
perosity development 18 the resull of endo-
genetic Toroes “dirccted owtwards., Source
rocks maturatton, on the oiher hand, o
canged by mavements in the reverse diree-
tiom, i.¢, lowards greater depths and higher
temperalure associeted with preateér depths,
Mevertheless, Tor oil 1o congentrafe into
coonamically exploitable deposits, Lhe source
rocks, reservoir rocks and cap rocks, deposit-
ed m dissimilar palasoenvironmentil situn-
tiens, must be connected up during the time
of migration of the ol from the sowrce
rock,  There must be n migration path ot
condoit beiween the source amd rescrver,
nnd the potential encray difference should bé
adequate to ensure thal the oil does in fact
migrate Trom the iource fo the reservolr
afong the conduir. Afer migraling o the
reservoir, There must be a  permeability
barrier b0 Torther migration, in order to
anzure The relention of the ail in tha dEFH'.H.‘.'i.L
The ki:za_lu undrrﬁnd: :hn; nl.‘i.']unﬂﬂr.:l:l.
ina imentary bazin is the palagogeo-
ur}phy during deposition and thersafter.
"or these reasons, in. oil  explomation,
gealogtely make a greal deal of efforts on
obiaining the palacogengraphic information
on the sequencess in o sedimentary basin
It iz here that palviology i3 becoming
increasingly Important. Land plints @re
sensilive mdicators of the covironmont, and
it ke the RpOrTES, l|.'|-u-||i.-|.'| md {i‘l!h:r paris of
such plants which are fransporfed and
depaosited, together with the enclosing sedi-
ments in the basin,  Fossilized remaing of
land plents should herefore indicae the
chmaie of the source area of the sedimenia.

1w

Sinee spords and pollen ore exsily trmns-
ported by wind, their concentration in o
sedimentary sequence should alse be related
Loy Che distance fravelled, Remains of marine
plants, on the other hand, are not trans
poried 10 the same exient a5 1hoss af Tand
Tamts, singe they octur in the depositional
gdin 1142l  Marine hahitaty sre ales el
g0 sharply differentisted ns land habitats.
Temiperature, salinity, smeant of light avail-
able, exposure 1o atmosphere in snter-tidal
Foned, cie, are the deciding faciors.

Thus, the quantily of speres and pollen of
shoreline land plints in a marine sedimentary
deposit imdicates proximity 1o shore line
{Texi-fig. &) as dogs the ratic between
gpores and pollen of land origin to phyto-
phinkton of manme orgin. Where  the
marine phyioplankions are ubsent, it will be
sile to conclude that the deposition was in
frésh  waker or  sub-agrial. Where  the
mArine grgamsms are present, and are not,
the resull of redepostiion, the conclusion
lhat sedimentation wis in & marine en-
vironment Bs inescapahble,

Im §938, Gihosh found spores and pollen
in Lower Siwalik sediments of Jawalamukhi
suggestive of wirm and humid climate in
close proximity o the sen.  Until then, the
p['-l:"«'[l:_lu$ iden was that the Lower Stwalik
B8 -.-nurr:f fresh-water in deposition, he
Upper Miocene stz occurring miuch Turther
tir the south-west of the north-west Hima-
|n:.':|-|.r|. Moot-hills aren. Th= rich wertehrate
faupa of the Kombal ond Chingi ** Stages **
of Potwar Plateau, 2000 km 1o the west of
Jawalamukhi, the tofal absence of marine
megalosails (indecd the tomal absence of
microfuunu}, the red coloar of Lower Siwalik
elays, nnd the crose-bedded pature of Lower
Siwalik sandstopes, were all held o indicate
fresh-water and sub-perinl deposition. Yet
there were many saline springs in mreas of
outcropping Lower Siwaliks of Jammu and
Kongra, wnd wvery high salinity of ¢onnate
walers of Lower Siwglik sapdsiopes in
dritled wells in the pliins at locations as fur
apart a3 Adampur (near Jullundur), Puran-
pur {in Filibhit DEret, U and Raxaul
{um the Mepal border of Champarun District,
Bihar), suggested that the palicogengraphic
concluginns from the spores and pollen in
Lower Siwalik stratn need not be brushed
aside, although they were in opposition
L the wiews Nheld by soch pioncer workers
as Pilgrim and Wadia.
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Recently, we have obtaned some micro-
fiossils of undoubted marine origin in Lowes
Siwalik sediments, and are Irying 1o asceriain
whether they are reworked forms, o ore
indigenous ¢ the hest sediments, | peed
hardly emphosize that possible palazopeo-
gruphic implications are tremendous,  Simi-
larly, pur palynologisis have recorded marine
forms in the Talehic ahaice of the Palar
bagin, to the aoeth of Madras.  Thess are,
of course, uppermost Carbonifierows to Lower
Permian in age.

Palacoshoreline delipeation by mapping
the palynofleral depsity as well a5 by the
ratie between lond mnd maene forms, as
already mentioned, i an imporiant activity
in basin studies conducted by oil exploration
organizations. This is becguse in any ong
peclogic iaterval, oil pocumulation B oon-
cenirated in areas on bBoth eides of the
palaeoghorelme. where the maximum conlact
oocurs hetween source amd reservoir rocks.
Oil fair-ways migrate with the sirandline
migration in time. as demonstrated many
years ago by Raimwaier in the delmie
seguences bordering the Cull of Mexivo.
It was in shoreline delineation that palvpe-
logy firmt proved its wtility in polneogeo-
graphic reconstruction.  Hoffmeister (1954),

in his classic work on the determination of
ancient shorelines by means of pelospores,
wsed the wehnigue of drigwing ™ sobotanical
lings "' theough pointe with the ame micro-
fossil population or the same type of
microfossils, His opinien was that (he
shoreline was indicated when the density of
spores and pollon decrensed o below 7500

er gram  of scdiment., Subsoguently
in 10680, he utlized palacoshoreline maps
prepared on the basis of nnh?paﬂ:. density
to dernarcate arcas favourable for oil octur-
riefece, |0 Lhe Seminale-Oklshama City region.
Mathur and Chowdhury [(1977) have used
patlynologienl  studies for interpreting the
palaeogenzenphy and shoreline changes in
detail in the northern part of Combay basin

during the deposition of Kalol Formation
iMiddle Eodens)l, They grouped wvarious
comploacs

n:is.-nnhr_.ﬁ:ls info 13 ecologica
irpeed ther vertical and lpterml diste-
bution o time and space,  Filteen shoreline
PHIJ'I.%!..III.FI.‘I :{.‘yl:lﬁ.‘- :;Fmd recognised {Tr.‘;:_t-
if. and pencralise geographic
maps Tor the Sertha I:I'-r:n-Hg B oond Wavel
{ Texi-lig. 9 menmibers of the Kalol Forma-
lian Were FII':'FII:I.I:'IHJ.- Enrlh:'.. h-'!nl'hur = .'.r.f,
(1975, 1974) interpreded cerlain areéps nond
horizons: of the Kalel Formation as being
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favournble for oil exploration on the basis
of their sludy of pabynoflora of  he
grea [Text-fig. 10}, Paramerers taken into
Account were getoral palumgmgmph} ol e
basin during the fime intcrvals, shoréhne
changes, concentrution of palynoflors, polo-
Lp-ur-l:i and dinoflageliale :aﬂ:rm nnid  distri-

bution. of lipid-rich ergank matter in the
sediments.  In some parts of the area infer-

preted to be favourable, oil accumulations
have subsequently been discovered.

ROLE OF PLANTS IN PROVITHNG SOLURCE
MATERIAL FOR HYDHROUARBOMS

The organic origin of oil and gas b now
wlmost aniversally accepted.  The organic
matler 15 incorporated in o the sediminls
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Texa-mG. H— Pakicoccogeographic map of Morth
Cambay Basin  durkng the deposstion . al Serthi
I;Jl--lh-:rnl'h:rl. }!f?,"" Formaticn (after Mathar & Chow-

uiy, 177,

depisited and aliered — af the surfave b
bBiogenic ngents, and when deeply buried,
bn i subsiding bisin  recelving  sédiments
by thermo-chemical means.

What i thix organic matter ?  Earlier,
it owas believed  that only larpe animals
coniributed organic matter for iransforma-
Bon o el and pas. Later on, this role
was o useribed Lo osmall animols.  Bul now
it i realized from biochemistry thst i is
lant life, including microorpanisms such
ns bacterin, which npot only form the
beeginning of the food chain of the biosphere.
but also coniribute the largest volume of
Orginic matier fo source rocks of petroleum.
This is the resull of inlensive work on the
biological nnd chomical nature of the organic
remaing in sediments, earned out in the
last decade in the laboratories of oil com-
panies pod dnsttuies. Tt iovolves collabora-

- "
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QEMERALISED FLUCTUATIONS
SHDIRE LINE

MELM SHORE JomE

* |WNER MERI TIC

& WELL
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Text-rig. 2 !‘Jlm:ppwrﬁw agilvie maa e gif Miailly
Cambay  Basin duting the deposition of Wavil
Member, Kabnl Formation (alter Marhur & Chowe-
bury, 19770

five studics belween pefrolenm peochemisis
and palvpologises, the latler being largely
cancerned with the study of the alteration
of plant remains by different  agencies,
from the time of their deposition to their
complete franiformation mio source mate-
rial, commonly known as kerogen.

Land plants and marine phytoplankion
convert Ty by photosynthesis into cellular
tissue of latly substances, or lpids, carbe-
hydrates and proteins. . Thereafier, the plants
may die and be altered, or they may provide
food for animals st the beginning of the
food chain. In the latler case, plants
provide the materinl For cells of The living
animak, as well ns fmecal mutter which are
coriched in lipids, On deaih, the animal
ealle wre also broken down, amd either
returned to the atmosphere, or incorporated
as orgmpic matter in sediments.  Only the
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atfgwr of @, 1974).

mosl  Tesistant  parts o ofpanic  mmtler
remain; they consist essentinlly of humic
and lipid matier,

Planiz  contain  cirbohydrnles, such as
cellulose and starch, stremgthened by lignin,
The leaves are protecied by cuticle, which s
impramated  with wax,  The Tll.nm: T
also seCrete resing, and they produce spores
prnd pollen gruies which are transported,
When the plants die, they are biodegraded
by means of the sodl microfaum, Mngl and
bacteria.  The corbehydrnies are oonsu
and humio acid jz produced by the miero-
orpamiems.  When plant remams are abuons
dant apd the debrs water logged, oxveen

Ekmakie 1hm-.mg wreas snd members of the Kalo! Poomeiios

wiedl 00 he Bvilrocerbon Bearing on palyvnobogicil met

ods and subsequent discoverie dmodified afic

supply is ripadly depleted, and the humic
acd Torms a pelatinous solution permeating
Ihe 'ﬁ'nnd?‘: leton, consisting mainly of
lignin, The humified wood becomes Telfoife
[ Tear-fig. 11 and The huwic acid 220 be-
comes Callenite (Teat-fg, 12), two principal
constituents of Vitrmite, With higher oxyvpen
supply, the microbinl degradation of organic
matier i incroased and The humi: aods and
Bumified woody skeleions become oliered
b idmenel charcoal or Fuofnire (Teal-fiz. (35
The spores. pollen, wax coated cuticle and
TR Inacll'u:r form  Eximipey

These, then, are ihe tcomponents of land
plants which are deposited in sediments.
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Texr-Fris 11=14— Chrganic mncernfa. 11,

I the sen, the lipid-rich phytoplonkions,
partially digested by the sooplinkion, ire
pcted on by bottom dwelless and bacteria
Eventunlly, the residual components of the
micro-alpne amd cieria ane dissemineted
through the sediment as it is buried | some.
times as golunl cell walls which gre termed
Algindtey and Spavinites (Texr=fg. 14) but
more often as 4 very fine-pnuned and amor-
phous film, clinging to inor ganic ot iches
This |:-fgl||.u. mualier is lecmed .Irlll-'r"'ln'l'rhﬁ
sepropel. Where  the
arganie matles is high etough, the englosing
rock is terred as the sowee rock. I is the
thermo-chemical metemorphism which, this
inateriel wndergees due 1o borial, gives

Tedlimale:;

concentrotion ot

arid 14, Exenibe;

13, Semmifusinie;

[Z, Collegmiie;

Fige 1o ecoappme depasits of u.'rrnhua.1|h!r
mierals.  When the proportion of lignin is
lorge, thermo-chemical metamorphism don-
erls Lhe organk matesil fo coal and dry

A Wlhizre  the ofher materml bs pre-
ponderant, e gt wet  gusek I.I-"H.l aila.
Histarically; the insoluble organic matrer

remutmng inca rock afler extravtion with
solvents has been named a3 Keropen. Kero-
pen  on  distillatlon  vields  hydrocarbons,
ansd most authorites believe that keropen
i the source of petroleum.  Most dedi-
mentary keropens are mistons of CIFETLE
matter derived from land plants rich in
e mattér and manoe plants rich o
lipcls,
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Palynolegiats sludy the progressive plicra-
tion of plant materinl, from soaros ared B
minture source rock, o% i parl of the process
of understanding Bow petroleum b formel,
I have dlvendy mentiondd the earkier stages
of the process, Lo biodegadation.  The
piher facet of study s the feping of organic
matter.  The hydrocarbons prodoced by 1he
saurce rock depend upon the percentiges of
different types of malerin] i the kerogen,
and thus we are felling nesr lo being ahle
1o predict whor kinds of wils Al Eas
will be prodoced from a pamicular 1ype of
Lropon,

Besides the dompostion ol the Berogpen,
the other pammeler in the compasition of
the resufbing combustible mimersl, Le. wodl
o ol B, ol Gpwrse, e dkegres oF Phermia-
chemical aligritlon of the source material,
elue to imereasing pressome oand femperaiore,
a5 the materinl is progeessively  buried
Here too, palynolopy  has  provided s
the tools for estivaling  the depres of
mslurmtion of Vhe spurce ok

AMATLRITY 0 SCHURCE 04 RS PRODD
PALYNELOGICAL STUIES

Chrghmic matler i source mocks. as mien-
lior carlion consists higfy ol remaios
of land and saring plumis, which responds
o incrensing: heat by physical  changes,
reflecting  decregse in content of volatiles
and  concomithnt  eafichment 6 ¢arbon,
These changes wre of Tour kinds, vig,
(1) darker colodration of prganic mailer.,
(Y imcrease in relractive imdex, () ingreass
in reflectivity, amd (v loss of stroctorl
defail on particulate organic maferial and
decrease in light tmmamission of partichs.

The changes can be guimniified.  Colour
change of plant temalns s the ghslgst bp
uge @nd the least pxpensive method  of
wtimuiing. the maluriiy of 1the sodree rock.
Howewer, different orgnmie masecbal  wlier
or malure af diffarent pules,  Aosemhe ol pro-
pressive mheration thid wses colour chapgs
mbst be based on similar moteril, W B
pstal o study eoleur chiamgpe in spores and
pallen which lack ornpmentation as 4 gulde
to 1he malurity of the ofganic mafter.
Coticies and epadermiz could nho be used,
in the absence of apores o - pollen, on b
supplementary matenal Care his o he
imben in such work fo o climingle  older
ipored and pollen, redeposited with muterial

[ I

appropriate te fhe pee ol ihe sedinent
betnp viudiedl,

There are several scales B measuring The
depree of thevmal altermtion,  The (-5 scale
proposed by Staplin o the ane which is
generitdly sed,  The number assigned o
a particular spmple s desdgnaled as ts
Thermal Alerption Indey or TAL  Higher
numbers reflet progresively incroasing tom-
peratore o which the sediments have been

expid,  TAL 1 is aseribed jo fresh mafe-
rieh, amd an imdex of 5 1o Thorooghly
metgmorphosed mpferal,  An indes of 33

corresponds  bs e disppearsnee from
both source and reservorr of all light od
produsible componenis, exept dry  pas
AL this mudex, plant cuticles and  spares
amd pedlen wre dark beown bn cidour, - The
rqiﬂl-';[ll;lili ool generslion phese e at TAI
o
OF the other tovhnigues. (deredse o
vitrrile eellectivily. is widely weed, and . is
i many wivs Phe most sailable, bechosc
i as cpminlibEgive, discriminslory, aeeounts
for-bolh time and  lemiporniuce, 0 useful
aves the enfire malinty miage and ein be
applied tor most sedimentary rock  rypes.
Ini ihis type of wark, too, it 15 necessnry £o
idemify the indipenous or autochthonous
vibrinite. . The results are plotled as refecio-
gramd, Le. hislogroms of frequetcy 1/2W
alagres (0005 % vitrinite reflectivity intarvals),
and notes are mude on oreanic petrography,
When ill the resulis are plotied, 1he Indis
genaus vilrinite refeciance has 1o be selécied,
and the vitnmite reflectanee v depih plot
mads.  Vitrimite refloctivity provides o direct
gundks G thermul mburity o pes  prooe
oraanie maiter (homie materiall, asd an
inclirgct guite to the thernail matoeity of oil
prone orgamic matter (snpropelic moterial),
Ehscontingities in the eflectivily depih
Ik give important geological information,
Mormal Taults ere indicaed by ubrop
incréake in reflectivity pradiest, whereas
reversed Taulis show abrupt decrease (Test-
fz. 15, Reworked viiripie may show n
permniert  tremd  (Tesi=fig. 160 imdivacing
perkiilende [hfouph tme of g particular
siiree,  Unconformities mre marked by an
abrupt inerease in reflechivity, and ofien,
From the change in the gradient, the ibick-
s of the eroded ctraty can be alcalated
(Test-fig, 170, Tenwpus ntraskois { Tea-flg.
1EY, wbls wnd dykis ciuse 2 mpid inerogse
in reffettivily (Dhew, 19771
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perrgieum generstion and destruction (D, 19775,

The correlition of different maturation
midices and 1he sones of pefroleum geiera-
tion and destrection is shown in the Texi-
fig- 19 (Dow;, 1977},

SUMMARY

To sum wp, the special aature of the
habitut of oil in sedimentnry  sequences
15 such that many of the problems connected
with the peelogical side of oil exploration
tan _1_|:|1|:|.' I|_1I ||.1.:_.'-5.||.‘.'l.l Iljlr..-brulh-rlfj ugl_l,-- _TI'{
strptigmnphy 1t s enly by palynologic
shidies that fresh-wateér wdiments cn be
coned and compared with standard marise
#ones down the pulacodlope from the strand
fine, and i1 & around the palaec-ihorelines
that most odl oseurs, being the most favour-
fble location Tor The intertongiing befween
source amd reservonr rocks. B we  keep
in mind 1he r'.rulutlﬂnnr'T and  peclogcal
provesses by which Noral successions ane
vertically stacked in a sedimentary sequence,
pafyvnostrabigraphy becomes a very mmportant
tool in ol cxplorstion. Indian cxomples

Corredation of ihe coal rank scale with various muiurmiion mdioes aml ihe 2anes of

hiar ol the fruth of this slatemeni.  Agon,
because lamd and  macine  planls  aocapy
very specific ecological habitals, their remains
are of high interpretative value in polaco-
gepgraphic studies,  In paricdier, police-
shorclines can e densucated by estimating
pﬂdﬁ-'n.uﬂmq dendity amd ratio between fand
and marine palynoflore  Suchk studies have
wiso been undertaken in Tedinn sedimentary
basing. Palynology & also mecessary inm
source rock studies, becasse plonts contri-
bute the largest amount of ofginic matter
to soutve rocks,  Dhfferemt ris al p]:ml:-
contribute different types ol organic com-
pounds fo seurce rocks, and form different
oil and gas consbitugnts, on lhe thermo-
chemical menmaorphism of the source rock,
Finally, the degree of metamorphizm of
nourre rocks s best determined by studviag
the eoloorution of fossil spores and paollen
gnd the vitrinite reflectance of plant remains.
The latter study nlso vields other struciural
a0 stratigraphic information on a sequence,
which & of imporisnse in ol esplom-
tinn.
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PLANT FOSSILS FROM THE GANGAPUR FORMATION

M. N, BOSE®,

T. 5 KUTTY** & HARI K. MAHESHWARI®

"Hirbal Sahnl Ioilitole of Palacobotary; 53 Univemsily Road, Lucknow 228 M7, Lidia
"0 ncdgn Sintidenl pstitgle, Calcuily T B35, India

ARSTRACT
Flaml fossils have Boon recavered foom the Gongapar Formation, ongomdly koown

e " Cia o hesfls " ol The Kods © Singe "

The mstertal was oblained foom 11

h;u;di'rju

im The vicinily of Cangamer Village, Adilabad Disrict, Andhm Pradesh. The m
Tossils belong 1o ihe COnkIT Upper Chxndwana Ful'ml. The commencst o I\

A mow
basas of epidermal features.
marwarerailL, have alse hecn a{wlﬂ
The paﬂmnlum.ul aeserh
i the Araeariacites-Culiokrag

comprises nbout 64 fang,
g comphex.  The sirarigraphically impoarane

of the genon (F, Glweiawa) has been identified om the
Epdermul feniures of & species ol Papiopipilinm, viz:, P,

The dowminanl clement

couiming is the samples ate) Tritfites fnwreswdlifrarmln, Dohranpuriies cinteri, Condodeaifi

iy and MEvroctremdWes aatartices.

After unaksing the available palacobotasienl ind palmiological dala, o bassl Lower
Cretscens uge for the Qangapur Formalion s seggesiad

Kew-weras — Mant Tossils, Spofne diipersas, Gangapur Farnmation, Kold Slage,

Lipper Gombwana, Fedia.

arty
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INTRODLCTION

HE Gangapur Formation & known
I from the Pranhita Godavari Valley
outcrop snd was initially recognized
(Rutty, 1969} in the vicimty of the villapge
Gangapur (197 16" N. lat., 79" 26" E, long.;
Adilabad District, Andhrn  Prodesh) 1o
represent beds previously referred 10, im
::]l:;?vilm as the "Gangapur beds” by King
Ik

w1 fiewiprm
#

In the type arca the Tormation consists
of coarse to wvery coarse and sometimes
pebbly - sandstones helow, which tend to
thin lo the west but become coarser and con-
Er-mn:mtm eastwards. These are followed
¥ i sueoession of pale grey, whitish and
pinkish mudsiones and slistones  inler-
bedded with beds of sandstone. In places
slightly carbonnceous shales are plso found.
The plant lossils and palynomorphs described
here were abtnined from the fings lithologies,
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The recognition of the Gangapur Forma-
tion and its relalionship fo older beds
heiped to resolve an almost nlnety-vear-
old  stratigraphic controversy involving it
According to Kin% {1881}, the *Ganga pur
beds” lormed the lower part of his "Kota
Crroup” while 1 ‘lmestone series’ formed
the upper part. The ‘limestone series’ was
characrerized by the presence of  lime-
stones. yielding a fish faunn comprising
Lepieotes, Parudapedium and Terragonolepi,
suggesting a Lower Jurnssic age to it (King,
1880 Jun, 1973} The ‘Gangapur beds’,
however, had yielded m florn containing
Faeniopieric  spetidata,  Prilophlion  acu-
.ﬁg'lrl‘lrﬂ'l. Elataciadus confertus, £, febaipirensis,
E. temereimus, Chetrolepis  meniferd and
Arauearites eutehensiy, is Horn was con-
sadored by Feistmantel (1879) and King
{1881} as showing a mixture of Rajmahal
and Jabaipur foras und hence of an inter-

THE PFALAFOBOTAMNIST

gnd older beds, The Kole Formation with
its characleristic limestones and fish fawna
was redelined and the Gangapur Form-
tion wias recopnized as being charncterined
by the “Gangapur beds’ of this area.

While the Gangnpur Formution is known
in The viximity of Gangapur and 1o its west,
s castward cxiomion apd therefore its
relationglip to the Chikiali Formation arg
still to be Tully worked out, Howeser,
Rudra (1972) recognized the Gangapur
Formatipn  afound Yamanpalli in  the
castern part of the owicrop, and observed
that its simtigraphic position is between
the Kodn Formaotion sn 1is revised sense
prd the Chikinla Formatwon; excepd Tor
some  cilcareous  fossil wood, no other

ant fossil wus feported. Thos, the posi-

rigssic Upper Gondwana sequence of (he
Praphita-Codavari Yalley, as it stands now,
i5 @ follows:

Forsamine Fook Tvres CHARACTIRETIC FOSILS Ao
Chilkiala Highly Feriugineas sand- T T
uiene andd mmernle
Ciargapur M sl slamnes, silllgtiames Crdetrdarmdse, Tarniopieri, Early. Lower UCreisccous
and  spndslaoes  wilh Fritaygelepflomn,  Ehrnclains,
perbbily beed s anaf cosplo- Fagriaipipllum
TsEralcs
...................................................... A A TN RRRATY (RN NRATY I PR Rt RN,
L Limg=iong, s slong Fish, croconlife, :IhLIIII.'IEl'I.H.I Lower — 7 ﬁlfh' g (R
wilistones anal red chays dincsaur, Fang roplle Juitmenic
ehlsly saadstone al The
isg
e Ot o L O R N el B A, Unconforimbly - o nnc e s N
Triazsic beds

mediaie ape. The ‘Kots Groop’ thus hod
“plants of the Rajmahal, Jfabolpur and
Umiy lormations in what have been cleimed
fo be lower and nol logher hofzons Chan
animals which ., .are e younger than
Lins" {Pascoe, 1959, p. 988L

This siratigraphic anomaly was Tesolvid
when RKutty {(1969) showed that. im the
ares near Cangapur, the ‘Gangapur beds'
did actually rest wiih o marked uncon-
formity on beds of the “limestons  sones’

Tt may be pointed out that the Gangapur
Farmation i not strictly synonymows with
the "Guagapor beds' of King. While in
the vicnily of the villipe Gangiper they
may correspond 1o the same sl of bods of
Lower Creinceavs aze, n litile to the east
bevond Dharmarm, what King ancludes in
his “Gangapur beds’ are of undoubied
Trigssic ape.

Consequent 1o (i) the recognition of the
Crangapur  Formation and its  separation
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from the Koti: Formation by 2 major
unconformity, {u) the recognition of the
Kota Formation, and (it} the recognition of
fhe Ganpmpur Formation in castern part
of the outcrop between Kota and Chikiala
Formations, it becomes difficull now fo
place previous reports of plant Tossils g
the revised siratigraphic sequence with a
reasonable degree of assuramce; this b
particularly g0 in Uhe castern part where
all the three Mormations oocur. € woeld
st bt 1o buolld wp alresh the vanous
floras from new collections mode on the
basis of rema rlpjﬁ.

For ¢example, Mahabale {(I19%7) reporied
the Tollowing plant mepafossils from the
‘Kotu-Malenn  Stage’. The  plani-bearing
beds from MNowpaon ond Jangaon poe-

sibly belong to the Gangapur Forma-
o
I. Mowsaon — Elaroclades jabalpurensis,

Arapcaritey curefes.

2. Kota — Eluyrclods, Terxox o,
Prlr.l'ﬂa:"l:h"jhd-.!:_l'llnl'l‘ snd  Awean-
carfoxpfon,

3. Jangaon — Packyprerls  Indica,  Prifo-

Pyl aemtlffoliun, Taenio-
Pieris spatudata,  Eletocludus
comfertux, B, jwbulpnrcmis,
Chrirolipis  smensterd  and
. Aracarites,
His statements on the apge of the ‘Kota

13%

abstract of his work (Mahabale, 1947,
{[ 8] he placed Kota at par with the

pper Gondwianas or the Lipssic but elie-
where in the sume paper (p. 312) he says
that “The sge of Kofa stage, could nol be
later than Raymabals and earlier than
Jabaipar. . . .. . It B penerally socepied
that the Jabalpur flora is younger Chan
even that of the Mipania plant bed of the
Rijmuhal Formabon which is dated as
Upper Jurassic in age. Probably he was
influenced by the views of Wadia (1975,
. 67 wid TERY thet the Libalpors were alder
than the Rajruhals and the Kotas were
still. alder.

Preliminary reporis on the palynomorphs
of the Guangapur Formation have besn
published by Shah and Singh (1974) and
Ramanujam and Kao (1976} Palvnolopi-
cally a Lower Cretuceous age has been
favoured.

A fresh attempt B made here to throw
further light on the apge of the Gongapur
sormation from the pualaesbotanical and
pabvpological data obtained by the study
of newly collecied malerials Trom o aumber
of lowalities.  For this work, T. 5, K, mude
field observations and colhected the material,
M, ™, B oond H. K. M, hove worked ot
ihe megafosals and palvaomorphs respec-
tively. Condustons huve been arrived &t
jotntly by the three authors whose namss

Stage’ are  sclf-contradictory. Im  the appear in alphabetical order.
ks . zind
TR . iy
w v’l‘lﬁl ﬁﬂﬁl

Tuxr-Fia, | — Map -shl.m'irlg wone of (he pl‘:.nl Fevad! |owcalithes heldnnping io the Gangapur Formetion,
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The localities from  where the  fossil
collections were made ure depicted in map
(Text-fig. 1L The localities wre!

1. Moar  : on the stream bank néar a
bend SS5E of ihe willape
Maoar;

:opn the bank of Buotgrmal
Muli just south of the point
where L crosses the  rogd
from Asifabod o Winore 13
kb W.N W, of Asfobad:

: onma spur of the hill, cast of
the wvillage Chirakun®a;

on the banks of Pedds Vapgu
near Anksapar;

2, BN

=
-

£z 0

EEE

uarrcics south-south-west of
the village Nowgaon;

1 Quarry north of Cave Temple
near Gangapur Village, and
t Reddish mudstones and sl
stones near base of Wl abaul

7 km west of Asifabad,

Plant Fossils are generally found in finer
sediments, viz, mudiones, silistones and
the carbonaceous shale. A few Tossils have
wlio been found in ferruginous  shales,
Processing ol samples for palvnological
study was done by the orthodos HE, HNG,,
KOH method, Shdes were made in poly-
vinyl alcohal and cannda Baliam,  Phofo-

raphy was done on ORWO NPIS 35 mm
ilm. The co-ordinates of the illustroted
palynomorphs refer (o Amplival microscope
no. A5 of BSIP, Lucknow,

Figured specimiens and shdes are honsed
in the Muscum of Birbal Sahni Instifute of
Palacobotany,

WSl B La e
@t in

=

=

=
a

11. KAl

DESCRIFTHYN

M MEGarossis

ACHadophlebis sp.
Texi-lig. 14

Detached (7 pinnule, 3.5 mm  long,
gbouwt 2 mm brosd near base, fbeade;
marpn thick, cntire, near wpex minabely
denhiculate; apex submcule. evtreme bose
nol  wellbpreserved.  Midrib prominant,
lateral veins mostly forking once slightly
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away from midrb, grising st an angle of
g L

The pinnule lpoks kike the pinnwle of
Cluclfapilclis ap, oL, O hwigipeanis  Seworsd
deseribed by Roy (1968, pl, 2, fig. 17) nnd
Kazat (1970, pl. 1, figs 3, d)

Lewenelity — Peddi Vapn about 3 km West
of Anksapur.

trietelremia movderick fofldic Heer
P, fgs -3 Tust-fig. 20, ©

Detached pinnac, 0.25-1.1 cm long nnd
.54 mm broad. Rachis slightly less than
[ omm b owidihe. Pinoules -3 mm o long
and 0.5-1.5 mum broad, substones of laminag
thick, ovate or somewhst cuneaste, configu-
ous but margind pever overfapping, Occi-
sionally sparsely set, attached st an angle
of phout 307-60°, © Margin thick, revolute;
apex obluse or rounded ; Base asymmetrical,
anrunﬂu;ﬂc mE -n muﬂdcd -rllj rn.q.h'rig a
NAFTaw  &INUE, rﬂ.ﬁiu:npil: margin rounded,
profonged  downwards, mostly  coverin
cotire width of pomg rechis.  Midrib o
pinnules promineft, near base [ofming o

promiment  groove;  lfsral veins o mosily
ahacuse,
The specimens match lhe specimens

described by Sukb-Dev (1970, pl |, fips
3-5), Pant and Srivastava (1977, pl. %.
fig. 2) and Appert (1973, pl. 20, figs 9, 1),

Locelity — Quarty ng, SR 5.5.E
of Nowgaon en wiy o Kegeenogar.

Teileichenle sp.
Text-flg. 10

The collection includes a badly preserved
dietached pinma whose planules, in pross
features, resemble the pinnules of Gle il
rewaleeriely Feistmantel  described Pant
and  Seivestava (1977, ple ), Rg. 3% s
venalion is mol prl.':&:ru'l.r

f.m-ﬂfr'r]' . {:.Imrr:,' M- S-M.l", S5E of
Nowpson on way 1o Koguensgar,

Toaeniopreris sp. of T\ spaffate MeClellund
Pl 2, fig 18; Text-Ag, 1E-G
|'.|'e:»:|.-r1"|1-li|:|:|1 i based on Chree fmgmentary

specimens. I all the three specimens apex
and . base wre missing.
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Leaves |L7T<b b6 em long, 0,406 ¢m broad,
margin ¢ntice.  Midrib about | mm wide;
lateral veins arising af oo angle of 2590,
gimple or forked, when lorked mostly
forking just alter emergense o eloser 1o
midrib, ‘& lew forking closer to  margin,
about 28-32 per cm.

The specimens resemble the specimens
figured by Oldham and Morris (1863, pl, &;
figs 1, 1), Feistmaontel (1E79, pl. 1, figs ¥-
168, 18) and Bose wml Baperyi 1983, pl, |,
figs 1, 2 pl 8, fig. 38).

Fecality — Qoarry no. 5 RO, 5.5.E of
Mowgaon on way L Kogaeinsgar.

TAmorogzamited sp.
M, |, lig, 5; Taxi-ing. TH

Fragmentary  specimen showing two in-
complete scgments. Fromd | om long and
2 o broad) rochis sbowt 2w wide,
latepnl weing forking once.  Most complete
sigment megsuring | oem in length and
0.8 cm inowidth, distal margin seems to be
decply notehed, upper Interal margin endire,
Iower Eatersl margin nol preserved,

In exterpnl Tepture and venption patisrn
the segments of the pressnl gpecimen
resemble  The sepments of  Avowmozomives
fisss (Feistmantel) Bgured by Bose and
Banerji (1980, fext-fig. BA, O

Loty — Chearry mey, SRl S5 E of
Mowenon on way toe Kagaznsgar,

Piiloptedliin coicherse Morms
PLLL g 4

Leéaves incomplete o base and  apex,
12015 em long, 1.0 ¢m beoad. Rachis
pbout 1 mm wide. Pinmie attached on
upper surface of ruchs by therr entice base,
closely s bul neveér overlapping, 4.6 mm
long, 1.5-2 mm broad; apex obtuse or sub-
doube: persscopde margin rooanded,  basi-
scople  margin - sradght. Veins  mostly
abscure, about 5-6 velns arsing from base,
migre or less pamllel, simple or forked.

The spedimen mutches (he spedimen of
Prilaployfliem eafehense figored by Bose and
Kasmi (1572, pl, X fig, 17 fram Vemasaram

Feeality — Quarry vo, SR S.5.E of
MNowpaon on way o Kagarmagar,

2]

Pritoptyif o wp. el P aeweifoliim Morris

Text-fig. 21-K
Leaves 951008 em  long, LE3S6 em
brogad ;' enchis - 1,52 mm  Brood,  Pinope

urising gl an angle of 45657, closely s
oo upper side of rachis, 1LI-1Y em long
and 2-25 mm brond near hase; apex
aculc, mMATZin enlite, BETOSCOPIC  mRTED
cursing  downwards, Basidcopic  margin
alighthe dedturrent,  Veina parullel, 6-7 veins
arising from base, simple or forked, mostly
forking once, forking at all levels.

The specimens are narrowsr (ham (he Lype
specimen ol Prifepfocfomn cwdfalion | Bose &

asgl, 1972, gl 0, fig, [). They res2mbla
ihe specimen (igored by Bose ond Kasat
(1972, pl. 1, hg & com Raghavapuram
which has  been  doubilully  referred o
P, arutifoliwm.  The present specimens also
lowk ke & geprifeln descmbed by ks
(1964, pl, 1, fig. 1A, Ib) from Raghava-
PHEFILITL.

Localitivy — Quarry nos, 5.Rd and 1L,
S5 E of Nowsaon on wey (o Kopsrnopor;
13 km W.RW, of Asifagbad, along the
Bastgrmmal Mala (strearm): and base of hell
phout T km west of Asifahad

Eluoelades sp.
P 1, lgs 6, L1

Shoots repeatedly  beanched, branchlets
mostly Iyving in the same plane as the
primary axis.  Leaves helically borne, in
compressed  state seem o e hiseriately
mrrmmngel, Hli:ll;_i:llﬂ_ wi angle of about - G60°-
9.  Leuves I:rpll.'n“!,- -4 i lrl_!l'l-u‘.l 51
mm  Broagd, snbmosa :|n|l'nr|1'|E:.' bromd  From
base Lo apex; margin enting; Bpex sub-acute
of obtuse, rarely acute; acroscopic basal
edee slightly constricied, basiscopic margin
wfien aliphily constricied, markedly
decureent.  Midvein running from bass o
apex. Al the point of Torking hranchlets
coveted  with spirally arranged  scale-like
leaves which are followed by normal leaves.
Seale-Nke lenves move or less wedge-shaped,
Fod=4 mm bong, R51 mm broad near base;
miedwvein faotly mprked,

The specimens mntch The speoimens of
Elareclpdns  tenereiveny dessnibed by Feist-
muntel (1877} and Sahni (1928). They also



THE PALAEOBOTANIET

16

,.,.Ht_..r_..L..”_W“..rW -
YA

Treetamg., 3



BOSE o .

retmmble the 1w al £ Pt enerring
Muheshwori & Komaran (197601, E. reforg-
erir Maheshwarl & Kumaran (1976) and
F. bogei Maheshwarl & Kumaran {1976},
i the absemce of cuticle the Gangapur
specimens have net been referred 1o any of
These species,

Localities — Uuarmy nos, 5.RdA. -1, 5.5.E.
of Mowsson on way to Kogaznagar; about
13 km W.N.W. of Asifsbad, along the Butar-
il Mals (streamd; and Pedds {Moamm)
Viagu Brream, S.5.E. of Moor Villame.

Eltecipiey conferiis (Dldham & Maorris)
Halle

'Ll flgs ¥, 8, K8z PR 20 Hpe 1% Tiemi-hg. IM

Branched lealy twiges, branching at difes-
et amgles.  Leaves  spirally  arsinped,
mostly spreading out in Two rows, oeci-
signally  directed upwards or  Torwards,
lincar or lincar-lanceokite, sometimes deltoid
(close to base of shooll, 3T mm Jong; les
thon 1 mm  Brgoad. Hnl‘gin tire: apey
poute; base consiricied or twisied, decurrent,
Midrib miostly  obscare, rarely visible in
B,

The shools mgree with the specimens. of
Elaroclaches  confertuy  described by Halle
(I913) end Sahni {1938),

Lacafitter — Quarry no. S R4 AL S5.5.E. of
Mowgaom on wiy (0 Kagnenagar: ond about
13 km M.MW. of Asifabad, dlong the
Butarmal Mala [stream),

Rennpks — Amongst the several shoots
collected, there ix u bramched shoot (in
part and eounterparl) which bears 1w
megastrobili,  The spectmen (PL 1, hgs T,
B, 135 Texi-fig. 2M) is rather badly pre-
werved and s each branch has terminally
pliced m:f[-u-lp:;-mphz«'llh. The megasparo-

o

phylls are loosely arranged and ore. specally
borne. They are sitiched af angles o
-7, In some of the memsporophylls

Tewvarin. 2
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two  circolar or  broadly  ownl  seeds  are
wvisible on their adaxiol sides,

The specimen resembles the specimens of
Srachvotaviy  sampathkuwmorand Bag (1964)
described  From  Onthea, Ropmaobal  Hills
The sceds in 8 saemposilumoeraes Rao
{1964) are pyramid-shaped, whereas, in the
present  specimen  thoy  are  ciredlar  or
broadly oval,

Elatoeladuy binglarmd no ap.
M. 1 fgo 1y B3, b T6] Texd-fig- IR

Dpenosts — Shoots stender and  woody,
irregularly -or allernately broncled, branches
arising ol angles of #-557; lepves porsistent,
apitally borne, in compresssd state s=em 1o
be hiscrintely arranged; nttached by entire
width af decerrent leal-base. Leaves linear,
(.E-1.2 em long. about 0.5-1 mm broad,
margin entire, apex acule; leal bos: con-
tracted and twisted, agroscopic bosal cdpe
curving downwords, bastecopic basal odpe
markedly decurrent. Midah mostly obscure.

Cuticle of almost same Thickness on bath
sides of leaf, {7 wpper side devoid of
stomaty and (1) lower side having stomate
in 4 single band runming along the midrib,
Central stomatet band ahout L3 slomata
wide, within the stomatic band slomath
tending o form discontinoous narrow ks,
Stomats longitudinally orentied, distantly
placed or tooching cach other bul never
shering o common subsidiary cell,  Subsi-
diney cells d-6 (2 -+ 2 or I 4+l maostly 4
of i polar subsidiary  eells smaller in
size lateral- and end-walls stragght, rarely
slightly undulated, surfice smooth. Goard
cells thinky cutinized, sunken; npertore shit-
like. Encircling cells occasionally present.
Colls between f[les and adijpcent stomaots
mosthy rectangular, rarely polyponal, smoller
in size than those lying outside sfomatal

A, ?‘r__.t.ﬂlﬂll'rrh[rilt.l. &, Ao I'kll'ﬁ':l'-ﬁ.,li,'- B W O Gleichrafs inFeleidd falbdid Hagr, feos.

8§, Mel, PIE-21 /6768 ond & Rd, HE-3987-68, 0 5, h. Wsleichenio sp., noo 8, Ru. W1-2907-68, = 2.8, E-F,
Tarenvaperiy spy, o 70 spardadino SleCRelined, nos_ 5. Bl 10i-d6 T, IE, FI oad 5. Kd. 10-02007-68 (Cik, E,
= 1LLF & 2 H., " uasampsmesires sp., o, 8. R, X567, = 2, LK, Feilopby il spo o P acibytedimor Maoriis,
o, 5, Rl I=HIBaET 60, Kl amd S, Bd. HI-276T-68 00, 0, 0, = 0. K, =2, L. Pagioplvlive marworcimids Boae
& SukbaDey, po. G270, 0 30 ML Elmtochafve eweaferfuy (O0dham & Maorris) Halle shivwineg n few mege
sparaphybl, no. 5. Rd, L3RBT < 4,
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band; lateral- and end-walle siraight, rure-
Iy shghtly undulited or Broken by pils,
Cells outside stomatal hand and <lls of
non-stomatic surface similar in shope and
slee, mostly  mioch  longer  than  Broad,
nprrow, roctamgilar, ITII'\-I'."I:r polygomal,
sertally arranged in longitudinal direcion,
lateral- and end-walls siraight or rarely
ot ploces slightly undulated, or broken by
pit; surfaee will smooth, devosd of hair or

napilkie.
Holotype — Mo, G447 af Indian
Statigticml  Institute, Cglowtta; stored gt

BS.LP. Lucknow Muszum.

Locality — Quarry noril of Cuve Temple
near Cangapur Willnge,

Sipeeific MName — After date Mr W, King
of the Geological Survey of India, whe hed
fist worked oul in detail the geolopgy of the
Crangupur region,

Cobrparizor — In gross  fewtures: Elprg-
efgalipy  kiagionds  pesembles  E o JeReerina
(Felstmantel) Sahnl (1928}, £ peeadofenss-
rinwy Maheshwarlh & Kumaran {1976), E.
sefrarensiy. Mheshwar & Kumanran (19078)
pnd  E bosei Maheshward & Kumaran

(1976), but it differs from alf these species.

in-having & ¢entral Somatic band on one
surfuce  only. Momeover, in the present
specics the ordinary  epidermal  cells are
mnch looper than bread, & femorrdeii,
E. selpraenvis and £ bosidf have stomata on
both the srufaces. E. preswdlonenerring 8

postomatic but  here the stomats are
distribwmed within twoe  bands  leaving a
ceniral  astomatie repion. Most ol ihe
|l:¢i:i|:-g 4_1'[' .El'uir.lu;'fudﬂ.': descnbad h:.- ”u.l'riu.
(1935} from Greenland  dilfer from  E
kimgienns in having two stomatal bands,
Simularky 1he Yorkshire species of Eloro-
eladuy deseribed by Harrts (1979) bave more
tham st stomatal basd.

Paplophyllve prervarensy Bose &
Sukh-Dey

PL 1, flgs 9, 13: M. 2, figs 14, 17, 18, 20; Texi-figs
I, &

Deserfption — Unhrinched , slightly curved
feady twigs, -8 ¢m long, 0406 cm broad,
Shoots beariog leaves in i spiral, dpréeading
or directed side-wuys or forwards, 34 mm
long, G.8-1' mm brosd near base, kevled,
Margin entire; opes aculc; leal boss coshion
rhaomboddal.

Cuticle on both sides of almost  equal
thickness, pmphistomaic.  Upper side show-
ing two hroad stomatal bands leaving a
central stomatic region, owards apex slo-
matal hands converging and joining cach
ollier, (n lower side stomalas conlined
towards lower hall of leal in 1wd pdcrow,
illscbefined hands  On both sides  within
slomatic Fegions slomels srranged in dis=
continuous fles, sccnsdonally g Tew Ivin
putside files, majority transversely or obli=
quely  orientated,  rarely  longttudinally
placed. Gudard celle thinly cutinized, nol
sunken, pperiure sin-like. Subsidiary cells
mostly  4-5, somebimes 6, shightly  more
cutinized  than  ordingry  epidermal  cells,
Subsidiary cells surrounded by o oring of
encircling eells, Ordinary epidormal cells
within fomatel bands polygenal: bateral-
paind end-walle thick, siratght, surface-wall
unspecialized, rurely finely striated. Cells
of  non-stomatal région  polygonal, more
elongaic.

The twigs in gross leatures and cuticular
wlructore of leavey resemble Pug_-fq-:.l’r_-.-.l'l'um
mrwarenviy Bose & Sukh-Dev (1972). P,
sherensts Moaheshwari & Kumarin {(1976)
differs in having lesser nuwmber of somatn
on upper  surfaee,  In P dafparamals
Maheshwari & Kumaran (19761 on lower
pide, isoloted slompis are found near apical
regian.  In Poomarwarenyic such slomala are
ghaeni.

Localitfes — Quarty no. SR, S5.E,
of Mowaion on way o Kegarmagar, Quarry
morth of Case Temple pear  Goangapar
Village: Pedds (Mooram) Vagu steesm,
S5 E of Monr Villags: Spur of the hill,
about 2 km egst of Chorokunin Yillage ; and
dbowt 13 km W. MWW, of Aafabad, on the
Hutormal Mals (strewmd

Canifvracalon sp. ol O rdfmalalense Gupla
Tenlsfig. AC

Brscryron — Description 15 bosed om
two fragmeniary spoecimens medsuring 6.4-
T6 em b lensth and 97-12.0 om o wadthe
Surlive showine discontinuous and wrepe-
larly rumning ridpes and grooves, in trns-
verse  direction, within the ridges and
prooves, al  plices, showing  circular  or
ellipival produberancgs,

The 1|'.||:|:irn.|:-11a. redemble Lhe VPECETIES al
Coriferocmdan rfmahalonse Gpored by Bose
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ef al. (1980) from the Paeiwne Formation  and Bose (1957) fram the Rajmahnl Hills
exposed mear Habor, The specimen of and Sher River respectively have ridges
€, refmahalenye described by Gupla (1954)  and rooves which are more distantly placed.

TExT-ra0. 3 — A, Poriopdepn waerwarensi Bose & Subbh-Dey showang o somg, slide no, GY42TI-EY
w Moy B, Elavochndu dinslames sp. ond, showing o sloma, sthile so. G042 71K, = 300, O Comdfery-
camion sp. of, € rappbatferese Gupla, mos 50 Ra. L1575 |,
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OF the several samples macerated, only
three, Le; Sample [ from the bank of the
Pedda Vogu nnd samples G3H.2.71 -and
G4/4.071 Trom o qurey north of the Cave
Temple npear Gangopur Village vielded
palynomarphs,  The polynsmorph content
of sample [ 35 very poor and hence the
following aecount i based wpon the tudy
of samples G34.2.71 and G4/4,2.71 only,
Thy latter two samples represent the same
bed. The palynological assemblage com-
prises 64 taxn of trilete, zonate and mono-
lete spores end alere, monosaccate and
disgceate  pollen grains.  Following s @
syvstematiced  list ol all the p&l{mmu{ph
toxn  recorded. Scime of the Important
taxws hiave been fllustrated on Plates 3
and 4.

Anteturmg — Sparites H, Potonie, (RY3
Turma — Trifetes Remseh  emend.  [etn-

mnnn, [B63
Supeastihiurma — .Jtcgrjmr.lrril'#mr Mettmann,
19

Subturma — Azonarriletes Luber  emend.
Dettmann, 963
Infraturma — Laevigarl Bennic & Kidston

ermend, Potonid, 1956

Genm — Deeltoidespora, Miner, 1953 emanil,
Pudmald, 1uSs4

1. Deltvidorpra sp,

Tavwars — Cpintfolalife s Comper. 1953

2. Cwetlidires amiextradiy Couper, 1953

3. Ceatlidites minor Couper, 1933

4. Cratviidifes comemvies {Bolkhovitina,
1953} Detimann, 1943

Gemms — Teerelipirifor Plus, 1951

3, Steretsporites prifaties (Ross, 1949) Tain
& Hah, 1966

Renorky — Specimens. naxigned o the
enus Stevelsporites by Komar (1973, pl. 1,
figs 16-18) co not belong here and pre best
placed under the genus Deltoidospora.
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e - Todivpordied Ceuper. 955

6. Todisporites sp.

Remuekxs — Spore 6 pm, tnibeie, mys 2/3
spsre rmdlivis, Inbra thickened | axine dmooth,
mlalded as in oo,

Cienns — Caflfsporn [ev, 1960
7. Caffisporn potominel ey, [#al

Infraturma . Apfeider’ Bennie & Kudston
emend. Polonie, 1956

Genus - Leprodepdilifes Cooper. 1953

8. Eeprofepiiives sp,

Remarks — Spore subciroulsr. 6d pm, (ri-
lete mnrk incipient ; exine arpnmented with
verruckle projections, verrecas -3 pm oan
diameter, clearly seen only along the squa-
tarind margin.

rims — CRivrdAdlecldines ©odpar, 1951

9. Chsmmmalpeiafes wellman| Couper, 1953

Gemus — Faenlatisporites Thomson & Pllug, 1953

1. Baenlerisporires ronemduy K umar, 1973
1. Becuberdiporites oo (Cook-
0n, 1983 Poronis, 1954

Remarsy — Singh,  Seivastava and  Roy
(1964, p. 287) seem to consider Oempnddg-
ciies eomnmmnensiy {Cookson) Balme, 1957
and Baciwlarisporites comemennls { Cookson)
Potenié s scparate taxa wherens both are
same being luter pomenclatoral changes
lor Trifiies cowmeemensis Cookson, 1933,
Stanlcy (1965, p. 250, pl 31, fgs &9)
has tronsferred the species to the extant
penns Qanmeae L.

Lienas — Conarrmiindoarporiics Kloss. 1960
12, Compmmmnrdkesparifes €p.

Rermarks — Spore roundly triangufar, 70
jarti, trilefe, rmys more Than 373 spore radios
long, labra raised, disinetdy  (hickened;
exine about 2 pm thick, besel with closely
placed, umiformly distributed comni.
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Comompndatpoeiier afbreered Boloug, 1960
his comparatively sparse exine ormament
glements,  Detimonn {1963, p. M) considers
the genus o be ‘almost cerlamly synonymous
Wit Chommureden el fas”,

ooty — Neoraleerichio Polonks, 1956
13. Neoraicrrickia sp.

Rerarks — Lophorefferes sp. of Kumar
(1973, p. U8, pl, 1, figs 28, 29} iz comparable
apd should be relerred 10 the genus Neorail-
gfricki,

(e - Apfctelmriaponls Potonid & Kremp, 19549
14, Apicafatisporis sp.

Remgrky — Spore  ciréolar, 32 um o
dinmeter, trilete, ravs 203 spore fadius bong;
exine besel with uniformly distribuated low
st Conl.

Lremny — Fmipardecispora YVenkaluchali, Kar &
Mg, 19w

15, Tmpardecisprra &p,

Infraturms — Murornati Polonié & Kremp,
54

Ciemus — Fovovsporites Halnes, 1957
16, Foveosporites sp.

Remarks — Spores subcircular, B-78 um
in dameter, tnlete, mays /1 1o 33 spore
radive long; exine Foveopunitate, elements
less than | pem in dinmeter.

Ome of the spedimens has an apparent
appearance of Collewmizporn Bharadwa) &
Srivastave, 1965,

G — iy e Tl i
ienm — Eyoopo s :T"Fnﬂ, ]“!:n:l: (5

17, TLvcopodinemsperiies sp,

Cremind — MiuRdzporires Cinper, 1954

14, Khikisporites seaberts (Cookson &
Detimann, 1958) Dettmann, 1963

Remarks — Spore subirimngular, 55 wmy
sides concave, apices rounded, trilete prom-
peat, ravs 34 spore radivs long, labra thick,

1l

nt:nmpanind by o row or twiool foveolss:
distal exine Fovedreticalnte, muri strong ns
il Tormed. by coalescing warts, Ko lovg-
denais Boumar, 1973 is apparently similar,

Cenus — Dicatricosiiporiies Polonid & Gelelich.
1513

1%, Clemtrivesisporites aaviralienyiy {Cooks
son, 933} Potonid, 19546
A, Clesrrfcesizporftoy Jypieun Sah & Jaim,

19564
Subturma — Fomadrlieles Waltz, 1935
Infraturma — Awriewfayl Schopl  emend.

Peltmpnn, 1963

(eepan — Trilitey Erdiman, 1947 ex Cooper, 1953
erieena, [pdtmannn; |3

A1 Triliter swbereuliformis Coolsan, 1947
Grenms — dschivosporites  Balme, 1957
22, brchyesporiies crarerds Balme, 1937

Remarky — Spore triangalar, 54 um; exine
auriculate, 4 ym al apices, 2 pm clsewhere,
distally reticulate, muri wvery thick, I-3 um,
Iuming: polygonal, proximal exine smooth
eacopt @t ppices where distal mur eacropch
[TRET R

Infraturme — Cimpnlatd Poionié & Klaus,
954 gsmend. Dettmann, 1963

(enis — Forwminiporis Krizsch 1959

23, Farnniailiperis sp

Grenus — Contignizpoerite: Detimann. 1963

2, Ceagigmismiriies ook (Balme,
1957) Dctimanm, 1963

250 Contignisporiten Ao FrRrnmiiae Kingrh X

Kumar, 1949
26, {glﬁ.nirfmf.mmiﬂs,fnmfmrm Dretl minm,
1
27 Contignizporites plebuleniin Detl-
mann, 1563
Turma — MWonoferss Thrahim, 1933

Suprasubturma — Acavetomensleres Dett-
meann, [63
Subturmu — Azamarnonsdedry Luber, 1955
Infroturme — Laevigatamoneled] Dybovn &
Jachowicz, 1957



jad

Genas — Monadigaee I-_fﬂl:lhn;n. 1947 ememd. Fodomis

2], Aforndiier grmrr.rﬁ.'. Doy, 1041

Remark s — Monalites  welicee RKumar
(1973, p. 110, pl. 4, fgs 92, 93) represents
better preserved spocimens of A et
Diev and is cpnsidered here ns: . junior
synonym of the latter species.  Mosalifes
mtrrtailpnes Sinph, Seivasiave & Ry,
1964 also resembles M, peondi bot Tor g
smuller size range.

Genus — Crpssfmonaleder Slngh, Srivesimm & Hoy,
14

29, Cralslnnriafete s primer Singh, Srivistava
) Rn:,-', 1004

Infraturma — Sewlpratomenolenf Dybova &
Tachowice, 1957

riy Puodemld emend. lEhoradwa)]
Bingh, 1HH4

Genns - Foschibda

30, Lesetnikispore fnaivas Mngh, Srivisiave
& Boy, 1964

_ Remgrks - There 15 a spore tetrud also
i the collection, Spores oval, or sub-
triangulnr (probably preservation artefacts),
twirlayercd, outer Liver scomingly covering
the Ccentral |:'|-p-|:|:|.' on all swdes, pma,irnully
forming a sort of longitedinul slit.  These
specimens probably do nol belong 1o this
Epities,

Cremus -~ Schipamisporites  Potonkd, 1951 emnenit,
Kraraaech, 1959

H, 18ehizavoisporites sp,

Remarks — Spore ovalclliptical, long axis
60 pm, shiort axis 41 pm; exine ribhed, ribs
rumning parallel 16 the longer axis, conlese-
ing at poles. slightly criss-gcrossed.

Turma — Hilgiex Dettmann, 1963

Cenmy —Coclsonires Pacock, 1952 cmgmd, Thetl-
maann., 1963

3L Ceakzomires  variafifis  Pocock,
13, Conksonifes =

1962

_ Rewmarks — Spore subtrmngulur, cingulare,
cingulum comprising an ianer thick zone
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and an ouler thin zone; exine conate, coni
extending ppon cingubum, distal polar exine
breaking down to form a distinel, sub-
ciroular hilwm.

The specimen differs from  Cookyeanites
irfoliiins Pocock i hovenig @ eonact distul
Exine

Foaadie — Avguaiiriraefiter Deloonrd & Fllnr—'lnll

('pabison & Detimomn, 196

34, Avguirriradites ap, el A verrucosur
{Caakson & Dettmonn, 1938) Cenk-

san & Dettmann, 1961

Rewrgrk s — The specimen differs from the
Ausiralinn specimens described by Ceokson
wnd Dettmann (1961 ) and Dettmann { [1B63)
in having & compmealively narrew Fodm.

Antelurma — Polleiren Potonid, 19310
Turma — Newrfres Erdiman, 1947
Subturmp — Monmieeciivs  Chitaley, 1949
amend. Potonié & ]i:n:ml:., 1954
Infraiurmn — Peonreefer Michoshwar, 1974

G — Callialasporiner Doy, 1081 imenil. MMahe-
abmmsd, 1974

35, Colfinlasporires baowlasr Sukh-Bevin
Maheshwari, 1974

36, Coltiplusporiies dampieri (Balme, 1957
Diav, 1G]

17, Calliglgsporites  discoldaltc [Déring,

1962 Bhaoredwni & Kamor, 1972

Colllalazporites clrcumpleciny Kumar,

1973

3, Callialosporites  lemetaensfs . Kumar,
1973

38

Remorks — Cofliolmporives . RaitamkEa-
miende Romanijam & Srispilom (1974, p, 86,
pl. 5, fig. 411 is a junior synomynm.

40, Cofllalasporites ridivaecy Maheshwiar,
1974

41, Callielasporites rimalix Singh, Srivas:
tava & Roay, 1964

42, ef . Calliplagpariies retleulafns Ramuanu-
jom & Srisailam, 1974

43, Callialazporites  sepmentatay  (Balme,
FEST) Drew, 19461

M, Calllalaspurites leflefur Singl, Srivas-
tmvn & Roy, 964

45, Colliclisporives  trifobatus
1957} Dew, 194l

(Bzlme,
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enan - Mropeclpopoilondies Mobsshwari, 1974

46, Properinopolivaites  alnghil Mahe-

shwnm, 1974

FAfsecites Copkson, 1947
Pirosgesti Erdiman disend.
Potomid, 1455

Subiurma
Inlenturmi

Grenus — Allsporives Daogherty, 180 omend, Jun-
wHiig, 1971

A7, Alicgpariier grandis (Cookson, 19573)

Deitmonn, 1967

Iafraturmin — Podocarpoilitd Potanicé, Thom-
in & Thaergnrl, 1930

Gremis — Pladysaceus SNapmmova, 1937 ox Tolonid
& Klas, 1954

4B, Plafvacecis (alicay Sah & Juus, 1963

i onbwa,
1553

Genms — Podocorpldies By ex

LI

At Padoeareddited oliiptieen Conkson, 1947
30, Podocarpfediies noves Saly & Juin, 195
al. .Pn;l';ln:r-l'p-frf-l'h'l.' Fermtieiladiy. Ruimar,
AT E
53, Powloearpialitey  vfiovinu [ Bolkhovi-
l'.in:l.I 1058} Pocock, 1963
53, o, Padacarpddites meiar Cosper, 1953
Remarky — Central body rhomboud, with
twa wertical Ialolds olimg isial eone o

spceus altachmenl, sovdi In.tl.::'q“_',. conlifwis,
reticulotion modinm conrse.

Gamis — Cedadpdtas Winlehoass, 1913
M. Cedeiplies sindic Kar & Sah; 1970

Abietoaprer Erdipmin, 1947

ex: Potonid, TRSE

Inifraturma -

Genay — Abfeapoflnites Thivrgard in Raste, 1937

55, Abivspollenites sp.

Genwt — Microcad icvddiges Cokson, 1947 ex
Conger, 1953
56, Microcackevidites antarctiony  Cook-
son, 1947

1335

.
Lriiiis

57, Podosporiiey teipabald Rao, 1543

Fogdosporited oo, 1983

Turmue — Plearer Naumova, 1939
Subturmn — Mavocedpaien Iversen & Trocls-
Nmith, |95

Giomun — Cwveacfanites Wosdhouse, 1913 ex Wilsan
& Welsder, 10dé

38, Orveodoplies grocilily Bah & Jnin, 1965

Turmuy — fl";u':.lmr Noumova emend. Polonig,
15600
Subturmn — MWonoporiney Mawmowva, 19349

Ly — L‘Immpum: Ml 1957 enassd. Pocock
& Janwonisis, 1961

3, Classopollis willcie Maheshwari, 1974

60, Clasvopaliis ap, el O ¢favsoldey Plug,
1949 emend, Pocock & Junsonins,
RET

~Renunths -~ Pollen cireular, 33 pm, tnolete
distiped, ravs 4 35 om longl exing 3 um,
infropunctite, distally aperiyrmie.

The specineen bicks e typscil cguatorial
arrangeient of the clemeonis and 8 some-
whal compamble wilh the specimens of
Dicttrmgunn (1963, pl 26, figs 10-121

Gopis — Exeadpollerrives Balme, 1957

61, Eresipelfcndter  crasserarghnation Jain
& Sah, 1964

Remoarks — Pollen circular, no haptotypis
mark, 32 pm, centrul pore about 7 pm in
dipmeter, exine  dlerentially  thickened,
pitbeed;

Turma — Alerex Thrakim, 1933
Subturmm — Azemafetex  Luber emend.
Potonkd & Kremp, 1954

Lrrniy — ..lrwl'n'mmuﬁ.;m&uu. 1847 ex Cougier,
14

62, Arauearfacites intralic Cookson, 1947
63 dreeariaetioy  ghanerienady Singh,
Srivastava & Roy, 14

Remarky — Pollen  graine apparcatly of
Araicarleciiey type, sometimes split intg
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twio equil Tmelves ploang 8 mediom wenk
gone ns b the gaae of The. genus Sohizospoeris,
The fwis bomispherical hsbves infold inwnrds
along their cquatorial morpins and quile
often become ovalglliptical 1n shape with a
short of median  presdo-colpus.  To the
uninitigted eve such prams muy look like
those of the genus Cvoadopites, and during
frequency  count  one  may  erroneosnsly
ohtiin 4 high percentage of the. genos
Cycadapiies probably al the cost of the
fenus Arsircnripeies (PEo 3. figs db=6d),

G — Larionriditey Polendé, Thomsm & Thive-
frart, 1950

i, . Larfepielires vamvemamis Sah & Jain,
I5k5

Bample 11 & very poor in number of
specimiens ny well as that of (he taxs.  The
important  taxs identified in this sample
ared

Cratfliver coneavid (Bolkboviling,
Diettminn, 1THA

l'._'n'nlﬁrlrﬂ'fn:rflf'lril‘ﬂ'r.'i' |Iq-.lrr|u.l'rn' i B,
Dewv, 194]

Callinlasporites  trifubging (Dalme,
Dey, 1961, and

Araucarkaeines mertralis Cookson,

I 956)
[EERIN
1957)
1947

ANALYSIS OF THE FALYNOLOGICAL

ARSENMBLAGE
As mentlioned i the earlier pages only
twer samples, iz, G347 and G4/4.2.71

have o sizghle pumber of palynomorph
taxa, There nre approximately 63 specivs
ol pollen and spores, and these are refemble
to 19 genera. A spore-pollen count shows
virtually the same guantitabive represeola-
tion of the gener in the twe samples.  This
wad to be expecied ns these represent the
somte bed, The minor sariations in the
spore-pollon content are of no significance.,

The quantitative un.nl:.u.il elowi Thut hath
the samples, vie, G14.27] and G4/4.271
arg predominoted by pollen of The gonus
Aravcarineifer with The percentiges 37.73
and 5500 respectively,  Calliploxporites s
the neal pl'nmEnr_'-n.l Eern wills Lhe n::pm!!jw.'
percentapes of 2575 and 3125 Other
significantly l'I'E'E‘-I.II'I‘rﬂg penen are Alporites
il v ned 3,257 r-e::tTu.'d.H'-'n.,Jﬂ Podncvrpfoifes

Ty 7 ind 3,287 rt'hph.l.t'lvt'{g] und Pode-
a]mrr-rr'n-‘l-rl'rl'm'ﬂrhfn'd'n't'r (3.7 and 233
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respectively),  Following gonerd aro of yerys
rare oecurrence and were nel encourilered
in o ocounl ol 400 ipecimenst Neeelipoeiien,

Cotlisparg., L:-'ﬂrn!’rp.?uﬁ'r-.'m (hisismnlipciolites,
Buvwdurisporitey, Canoumnndasporitey, Foveo
sparites,  Noeorpisieickla,  Apicidativpores,

Kok fymiweites, Dmpavdevispors, fsohposporiies,
Faraminisporis, rapenivrmralefes, Oonkaonlles,
Aeipuitrivedites, Plafvaoceus anil  Abiexpolle-
mitek,  Oher generm arve Jess than | per cent
i OSENTrE e,

1] it

The Ganpgapur Formateen  befongs e
what is wsually referred to as the Lipper
Gomdwans  of fAoristicslly as the Prilos
phyllem Flora. The Upper Gondwana
encompasses the time period from  the
Lower Jumssic 1o the upper purtt of the
Lower Cretaceors,  Though sinoos aulhors
have, from time o time. itned to palaco-
hatanically  distinpuish ke Jurussie and
Cretaceous parts of the Upper Gondwanns,
s Far no sstisfadtory crilerion has been
evilved 1 demarcale the Jurpssic-Crelideous
bodndury.  For example, the Bassa Forma-
tion of South Rews Gosdwann Basin s
accepted av of Lower Cretacenus age on the
hasis of the chamclerstic Weallen fem
Wedehselio retividata Blokes & Webb [Bose &
Dew, 19597 bt palbynodogically the formation
5 pot much different Trom ke Jubalpur
Formation {Maoheshwarl, 1974},

Jin the Jumssic-Lower Cretaceous rocks
of Todis, Bwo magor dypes of megaplant
assemblages pre known, The older beds
have mminly  perdophytic,
and comfer Femains gnd ﬂ!‘hﬂl]E:.t the=e 1he
Hennetfitules  chomnate; In the  younger
Beds the plant associntion is dominoted
pletidophyies and conifers; the bepnetii-
talegn remains are e¢ither missing or are
present  only in mesgre nomber,  Here;
mmongst the pioridophytes the penus Glei-
sl is  common afengwith  Wekeheelia
and amongst the conifers  Pogiophpfinn-
Brackyplellum complex 5 more commaon.,
The former type of nssembluge s known
Frgom ot of Uhe localities in the Rajmahal
1-Elg {ewcept Nlp:l.nin]. Fusl Coast Gond-
wona, Codavari-Pranhits nnd Satpurm basins,
Pariswar Formolion exposed  aear Habar
and Kachehh, The latter type 8 known
from Hansa, Himmatnagar, Crardeshwar
wid Than.,

Benneititalenn
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The Gangapur assemblage is chameterieed
I'l:,-‘ thig presency of Geledchemio ok foarfelie,
Tnrnioptieri spatnbmta, Prilaptiylla ctehmme,
Posp. el P, aceiifolisem, Elateviidis conferin,
E kinglanus, Elatoclodes sp. and  Pagio-
Pl mariarmasis,  The commonest genis
ek these is Slarcfonhies,  The specinens
of Prilophyllivn are move like The ones found
i Vemmviernm, Serperimbudur and  olher
bocalitics in the Cauvery Basin,  The overall
assemblage Is more like the ores pecasionally
found at Sivagangs and  Sriperumboduor,
Omly  difeichrmia  pordenskfolidd and  Pagde

I Trarar .lmrl.q'm":'nn'x mre nol KRown fTi'ITI'I
these locahiiies.  In India, bath these species
are =0 far known from the undoubled Lower
Crefacous beds, &, pordend folldif 15 known
Trom Banss, Than wnd Gardeshwar, whereas,
P, marwgrensis has been reporied only from
Bapai, The latter species 1o fow bl
known fraom Hard Biver and Parsupam in
the Satpura Basin, supposed to be of Upper
Jurassic age. Dutside Indin, & mordemsk -
il 15 kmown mostly rom Lower Crelaceois
bedds though recently it has beon desenbed
[room  the Upru.-r Jurassie af h-i:ldagﬂu:'ar
{(Appert, 1973), X

The Upper Gondwann palynoflora is
bagically uniform and s wsually dominnted

Cothe Aot fres-Oallllaspaor ey com-
gi::u. The !'u;ll:,'nulq-git.‘u.l ﬂ.HI:I'I.'Il’!l.ﬂEEI Trom
eostern and central India differ Lighe from
poe another (Bharsdwa), Kumar & Singh,
1972; Maheshwarl, 1973, 1974, 1975), The
Jurgssic ond  Crelsccous  asssemblages of
surface samples from Kochohh Basin have
somee distinetive clemients but the situation
boetill not very clear and needs further
study. Within the Lower Cretaceous: of
Kachehh  two  palynological  rones  hawe
been  dentified,  The Lower Cretsceons
palvaological assemblage of Section K of
Yeonkutachala (1969 is net dilfercnt from
the Upper Jurnssic middle pulynological
assemblage of the Upper Katrols { Bhamdwaj,
1969), The palynological assemblages from
Sections J and L of Venkulschali, on the
pther hand, are rich in the peous fmpardect=
aperg, & situation oot obseryed se far mny
whers olss in Tadia. In the subsarface.
hovweves, Koshal (1975 has recognized 3
distinct zomes, wvie, 00} Giseopolli-Classo-
pollis. Fone {Lower Jurassic), () Calfials-
sperines rededfarns Lone | Middle-Upper Jurms-
sic), el (000} Fanpertieroprllenstes- Arguwcaerip-
chivs-tomples Eone (Lower Cretuceous),
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The Jurassicand Lower Cretnceons palvno-
bngical nsemblages from Rajasthan charac-
teristically have high percentages of the
e Clagsnpollls  (Srivesiava, |8k
Banerjee, 1972 Lukose, 1972} Swch high
percentages ol Classopefiis gre ol Kaown
s far Frem any plher prea o Dndig,

Venkatachnln and colleajnies :idunlif:.- 1
malynological dones in the Jurnssic-Cretn-
cepss ol South India.  These sones are:

(i Callialasporites  segmentats  Zone ol
Upper Jurmssie age. characterized by the
presence of Cleairicosfepanites, Comilgnispe-
riten, Calllalspariie:, Podararpldites, Arau-
erfmeites and Clessopolfie and the Tack of
Triliven, Creokionfter, Aeguiteiraditor  and
Lepii hﬁr‘lr.l e

(iiy Afferpimclrslalites artareticay Zone of
Meocomion nge, characterized "l:f' 1he e
genes ol Mirroegcherlidites,  Podoiporeites,
Trilites, Cookxonftes, Leptndepicfites, Siopiini-
sporiter and  Aegultvieadites amd by the
pheence of Polypodivcenispariter and Ceplo-
ApOrE.

(i) Copfoxpara cpeverlione  Fone . of
Aptinn-Lower Albian ape, characterized by
ihe presence of Palvpodiccesisporiicr and
Coptaspora besides other Lower Cretnceous
.

A compirison with the various Jurassic-
Cretpceous Iynological  asscmbluzes  re-
pm-t.:n;! from Indfin shows that the Guogapor
mssemblape has a clode affindy with the
Athgarh pabynological assembloge (Mahesh-
wari, 1975) in the quanbitative count of the
penern Arenicarieecites, Collialasporives, Al
sporites and Podocorpdidites.  But the Ganga-
pur assemblage has certain  characteristic
elements, a.g. Trifites ilfvercwdiformis, frehyo-
sporited crateris, Cooksanites variabiliy, Avgul-
iriradites sp. el A, verreanis and Micrs-
cachrvifites  oefarciicns,  These  elements
characterree. the Lower Cretucoous palyon-
logicul sssembly of the Godavari and
the Cauvery basins (Rao & Venkainchak,
1971; Venkotgchala, Shorma & Jain, 1972;
Ramanujam & Srisanilam, 1974; R jam
& Yarma, 1977y The Gangapor assem-
blage i more akin to the Miorocachirvilites
amfdareticur sone mioflora.

Fmtﬁn Irullliu.Frhr.- Bonari fm:-r::lntr-rﬁfmmll.

BrETIRETRerE,  Fovemspories and  Aogwine-
raditey - are rhumclcﬂ!:m of the Lower
Cretaceonss  of  Englond  and  Germany
(vhifer & WNorrs, 1977) The jpenus
Cigatricorizporites i3 belioved 10 have
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npp:arr:d onfy at the base of Berriasiun in

Siberign and Indo-Europenn regions of
th: Soviel Upion {Vakhramesv, Barkhatnaya,
Dobrutskaya, Pavoly, Roviuna & Foking,
1973). I Avcsublu ihis penos made s
appearance almost ot the end of Upper
Turassic  (Balme, |1964). OF course, the
genus has alio been reporied From the
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Upper Jurassic of western Canada (Pocock,
1962) and England (Ddrhifer & Norns,
1977

Thus, eonsidering all the avlable plam
Fossil data, the age of the Gengapur Formia-
ticn seeims bo be somewhere near the Jarmssics
Cretaceous boundury  probably  within the
hasal Lower Cretuocous,
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PLANT FOSSILS FROM THE TALCHIBR AND COAL-BEARING
FORMATIONS OF SOUUTH REWA GONDWANA BASIN,
INDIA AND THETR BIOSTRATTGRAPHICAL STGNIFICANCE

ANIL CHANDRA & A K SRIVASTAVA
Hirbal Sahm Tostusite af Patacobotamy. 57 Unbareity Road, Loekpow 276 007, Tndia

ARSTHACT

Flurd fiossals belfongang 10 the Talchr amd coaliboarime formatsms (1 ower Perman
of four areps, mamely Umaria, ﬂlnhl,uhfliur Pali, Anoppuar ond Chictmmi of The Souily

Rewn Clomdwiinan Basin @y dewribed,

wiwl  Fervehre i,

ez Talchar Mo is reprosdnigd by o fow =pecics
il fopsgrrapdeeiy aml Yoeeperasffmad, wiphe the megfosails Teoany 1he coal-henrin
muation are represanled by vorious specesof Giwaseprerns, Gropammoplerdy, Noegeend,
A mew species ol Yoogeron

It huts s Been observed Bhng the lora of e ol
ferlaed by the dominance of Gangarmopien and Ny

lors
WAL
.u'.rq_ . andr, hia been recomiped,

ringe Bueils in Bhese nresn mre chorae-
crwrligends,  This angpests 1hal

thaeae Beals of ol Soaih Bowi Cronstwa na Bosio are eguied leo o ihe Ko barban © Stigs

al the Peminsubar Tnslia

Kpd=auindy
Permidan {Tndial,

Bhegnlosails, odratigraphy, Soulli Hewa Goodwano Basn, Lower

Fieiw

il Erar. s @iy (| & omere on shersren derEt & gy qre
TR ErreatE e — by SR 0w wleEr g drr

ey T e T 6 oweiee 1 wrEareR [ gafT ) e 0o

AT EFT - I, WA AT,
T |

o e & amm wemmwm s e e
AT ATy AwweE T Sifawiien w1 g T 8 AT 8 Wi

sipet-ures der-any e s oy, i Yo, Yoy oo et o
febpn i 1 fefe f) ASfoifae & orw oaf owlR, 4w, ofidiaia @

i B w o e e omn
Afauilors ¥ e
FETRET Y o B

INTROELCTION

) ]ﬂﬁﬂ,, Madlicoll collecied p|ur:|1. Frusila
I for the first time, from the Sonth Rewa

Gondwana Basin, Huoghes made Turther
collection Trom This basin during TER[-1ERY,
Feistmontel (1879, 1882) deseribed  plant
fimsils im detail (Soull Rewas) and consi-
derad the coal-bearing beds ne eguivalint
to the Karhaerban “Stage’ on the basis of
flural comparibon.  Fermor (1904) reported
Glopsapteris, Verfebraria and  Selizonserg
from the Bammkwrs of the Korasn Condficld.
Biswas (1253) stpdied Formor's colléction
anld !.;uf_:l._:u-s.red KEarhnrkar correlntion of ot

L

P & m s ® FELATTE WY Wi T e
a whrenfom {1 Pos oy o @Al B Fogsm oemdnim owre &

least a part of the Chirimin Cosl Measumcs
strictly on Aoral evidence, Surange and
Lele (1956) desenibed plant Fosili from the
Talelnr Formation of the Johilln Coalfield
i Ht"lthl'tuTrF"ulﬂ Datiy (1957) studicd the
plant Tossils and the miospores from the
Rarakar pnd the mgspores [rom the Talchis
rocks ol the lhﬂ.ﬁﬂl hund arem,. On the
basis of the plant fosale he observed that
the Barakur ok in This geea s comparable
Lo the lower section of the Lower Gondwansi
Mora. Ganguly (1959) described the plant
Tossils Troam the Talchio pod the coal-bearing
Tormations of Chirtmim, Lele amd Mlﬂlh}"
(1964) dewribed fwe new species of Noeg-



Id

pergtiiopsls from Use Karhiarbari beds of
Cranjrs Male, Hininghpur-Pali,  Pant and
Warime {1564 recopnized three new specics
ol Meeggerathiopeli from (he Lower Gond-
witnad of Manendragarh. Maithy (19%6h)
considercd the coal-beaning beds at Uimari
as equivalent 1o the Kurharburi beds of
Cilrigih,  Later, he (Muoithy, P968) reported
twe pew lossil. plants From the Kachorbard
bheds of Ganpra Maja, Himsinghpur Pali,

South  Rewn Gondwana  Basin wis
selected  for  palacobotnmical  (including
microlossils)  and  stratigrpphical  studies
beceese of the controversy regarding  Uhe
srptigraphical position of the Karhorbar
Stage'.  Another impariant factor fveur-
img the selection of this basin was the well-
developed nature of the Talchir sediments
Detniled  svstematio study of  both  plane
meg=  and  micro-fudsils was, therefore,
|!|.|anr||=d with Lhe nbjl‘_'lzl af ﬂnlliﬂg |_!J|.||de
Fossils which could be ulilized in probicms
of correlution and dating, The results of
the micralossil studies have been partially

ubdished (Lele & Chondrun, 1967, 1969,
G972 1971, 1974; Chundra & Lele, 1980
Srivastava & Chandea, 1982),

The present fludy diesls only with 1he
pland fossily collecled by ome of ws (A, C.)
during 1966, 1967 and %68 from the Tulchir
and goal-bearing fornutions of four areas,
vig,, Umarin, Dirsinghpur Puli. Anuppur,
andd Chirrmerr of the South Rewn CGondwina
Basin, Madhva Pradesh.

GEOLOGY

Sonth Rewn Condwana Hosin forms o
small part of the grewt Centrgl Basin of
the Giondwana rocks, eccupying o large
tpart  of Central  India.  Acconding o
Iﬁgllcn (1884} the peologicol swecession pff
this basin is as Villows:

Surfuce depasiiy
reccan Trop umid
Liunselas
Giandsing Syxiem Bupri-Barikurs
[arakars witly
Eatharkiri
Tabchirs
Hiwars
Metnmarphics

of

A briel description of the geolog 1
the

cocly aren alonz with the avcount o
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vathous troverses underiaken fn the field is
pivien below,

LiMARTA

The geologicnl Tormations {Ahmad, 257
med withoin the aren (237 32°: ROC-51°, Map 1)
are a5 Mollows:

Sugwa, Dorakor
Harakar Coal Megswnes
Telekir Series

s ssssss Unopaformity . ......
felamorphics

The Archaeans, comprising the mels=
morphic rocks, are exposed owards  west,
morih and south of Umoris Bailway Stilion,
The Talehir sediments oceur o the soutl
soiitl-west and  north of Umarda,  The
Tabchirs are generally found 1o rest over
the Metamorphics, A fair ides of the
stratigraphic sequence 18 obtained by taking
a downstream truverse along & small stream,
!'.m‘lw:_:cu Eotlari and Murchi, up o s
junction with the Utmrar and agan along
this river near Kalesar, Umara and Lalpur,

Fhe Borukars geacrally seem 1o conform-
ably overlie the Talchir, The lowerinosi
bed of the Barakars is a felspathic, silivepus
and shightly ferruginous sandstone which is
overlain' by a thin band of coaly shale
followed by o series of luminated sand-
stones, argilloceous, blue ond earbongoeous
shales, und finally & zone of massive sand-
itones al the top. The Barakar saod-
stoncs appear 1o be deeply eroded ncar
Kalesar. The lower limit of the Borakurs
1% fairly r-.'.-mgrninhlt lowards south-west of
Umaria. Only the sandstone facies i seen
exposed from Kalesar up 1o the upper
|'I-r.:|lu!|:[:ul':|-' of the Bomksrs which les ber-
ween Umarin wnd Lalpor. These Borakar
safidstones are overlain by red nod rigrusiy
colowred clays of the supro-Barnkars. A
marine lossiliferous  #ome unconformahly
averlies the Talchir and is in turn pverlain
by the ksl members of Bamkar Forma-
tion. Following  traverses are  described
Proome this area,

A, Umgrig-Kolexar- Maroli© Traverse —
The Harakars are esposed on hm:h#thq
banks of the Umrar River abomt 16 km
sgith-west of Umaria, below the road
bridge which connects Umaria with Kalesar,
The Harakar sandslone atising 0 maximum
ihickness of 1220 m.
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a5’

a i Em a
Trar (A 55 e
SUPRA DARAKAR
——
P2 Tawcron

] METAMORPHICS

. Map I — Gealogscal map of Umarin, Miadbya Pradesh (from e geoligical map of Soaih HReowa
Gomduima Basin, Hughes, 18§45

{1} Following sectiom 1% exposed just mear 3.2 km north of Maroht o 1220 m thick
the bridge on the north bank of Umrar  sandsione membes of the Barakar For-

TIVEr; makion is exposed pn cither side of the
LT dwis i Trnekwsims Fiowce
m o L4
) Carlonecsois shale fTosshfemuy) RN K HF
BARAKARS Carhopaceatd dhale inlercalnied will wndstone 1.52 K7
Girgyhalh white imessive samlsiong 2.0 Kl

The _ﬂuld minming soulh of Kalesar up fo river; curfent bedding 5 0 common feature,
Marohi shows no exposures 55 all the ) Following section s expiosed aboul
formations sre Hidden by the soil. Abowt 945 m south of the Railway bridge:
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it i,

Mlassive sumlstone T.42 M7

Lol {61 o

FARAK ALY Carbonacers shake {Kivas |lslerain) .33 Ri®
Lireylsh white, coarse-grained mndstoes 183 R L

B. fereei=-Tugatpr-Borbaspar { Borafue
Naolg) Traverse — The Supra Barakars dre
exposed on two hills situated west ol the
village Bareri which is about 64 km porth
of Umsrig. HBall the hills were exitmined,
The lithologicnl wnits are represcated by
hard  pink  sandstone  (current-bedded),
sandsdone and red sandstone. The bazal
members of these hills pre well-laminoted
gnd  block-jointed  sandsfones smed  may
belong  to the  Barakprs, Westhered
garnels, 4 constileent  mineral - of  these
sandstones, are clearly visible to the naked
eye, The nuln, about L6 ke worth ol
Bareri, was traversed up o Tepatpir,
Barakur rocks are exposed in o strcam,
locally known as Baruka Malo, aboul
400 Km morth of Borbaspur.  Following two
sgctions were observed glong this Nala;

(i) Marrh Brank Nestion

LATEIRLI Y

Shaly ipndidons
Wihile zandsinne
DARAKART
Anh coloured samdsEons

i} Secdfon expeead alvart 28 0w fust af Sectling (5):

Samdutone sund u.'liil {emimid)

Carbonstoous shale

HARAKARS Sandstomns

Carbonacepns shale {fesshliferos)

Aah colures] sanabelong

A coul seam measuring 020025 m in
thickness, was seen exposed ot n nomber of
places further east along the nali.

C. Swadamnalciel — A few Tragmentary Tossils
of  Newggerathiopsis hisfopi (W wire
galladied lrom the Necdle Shole heds

of the Talchir Formation, exposad along
p nmaln, abowt 16 km south of Jwals-
mukhi.

Besides. Umirin R.S5-Kirmitpl-Umaria
wind Lalpur-Changre-Chatan-Lmaria Traverses
wiere badertaken withapt LT:I:UHTIIEI.‘I:“B iy
pliant [osstis,

RIRSINGHPLUR-PALI

The gencral suctcssion of Lhe wpeological
f-l.‘.llm.aliunl 1y Uhiss nren [M.q]:! E_I- 14 ms Tollodws

Carbousceous shale {Tosfliferoum)

(afier Hughes, LE&d]:
T e s
Lofmetas
Supru Bomkars
Iarskars

Tokchir
. Uncanformity

H:m.mu-rrlmm

The metwmorphic mbier of the Jahill
Vulley covers an uren of nboul 205 sq km,
Good melnmorphic (pneiss) exposures afe
e mest Ponn along the banks of Johilk
River, Towards norlh, the melamorphic
expouures are penerpily covered by Tulchirs
of by alluviom  And towards soulh-west,
the metumorphic rocks appear 1o be Tringed
by Lametas while 1o the south-gist pnd
east, they ore overlmin by Tolchirs, Supri-
Borakura or alluvinm,

TSR HES Fros
m Hos,
.53 RBMN 3
mEl Aok 2
iR FITE
[ EE Ha™ |1
in1i HHM @
e Bk B
LU RARAM 7
0.4 HAMF 1
i L] BHM 6

The Talehirs accupy g bell about 9.6 km
fong and 2.4 km wide belween Kudn and
Kumurdy {Kudri s not shown in the map,
It is about |16 km porth-west of Patpara
sod about Lo Em souih-west of Khodar-
guon).  Talehirs are also exposed to the
north of Mangihar, Good sections of the
Talchir Formution are exposed near Barg-
chads, on both the banks of Johilly River,
The bottom bed is o compact, pgreyish,
calcarcous sandstope.  Thes is socoeeded by
a thick bed of grevish-green sillstone com-
prising fragments ol quartzites, granites nnd
schists, Thissiltsione in turn, 1% overlain
anolher siltstine member which 15 yellowis
and greenish In colour, This seeomd sillstons
bed is overlain by w compact calcareous
gundstone bed followed by another sili-
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I'u!.11_t Y — Gieolapical map of Rirsinghme Pali. Modiyvo Pradesh (from the geobogical nuip of Sawils

Bewn Chondwnng Basin, Huoglhe, 1584

stone member al the lop, These rocks
abong the east bank are penerally Coversd
by alluviwm. On the west bank, however,
they can be located ot many ploces in small
nnd large nalas feeding the Johilla River,

lelsprithic, siliceses sandsione, shaly sand-
Wone, @irhopaceous shale and conl, The
Supra Barmkors of this area scom 1o overkip
on the Talchind and appear to. be faulted
igninsl 1he Ponm poeiss. Oaly at Poasd

The Talchirs, exaomined in all sections, f(hey rest over the Metamorphics, Tn

were seen resling on the poeissie rocks of  general they rist over the Bambkars, The

tht Metamorphics. The Barakars of the traverses underfaken inm (his area  are

Johilla Wolley {Birsinghpur-Pali) are divided  described below;

into bwo distinet oréas by the Talehirs and A, Birsinghpur Podi- Bereaeinala-Gormta-
roecks (Metamorphics). Hughes Powri Traverse — The Talchirs arc well

neissic
?!H-E-’fll- named them s the Marth and South
areas respectively.  These rocks are similar
tir Lhe Barpkars exposed af Emaria and
include mostly the yellowish to  grevish,

exposed slong both the banks of Johills
River, near Lhe village Barachads, A tra-
verse umderiaken from Barncheda o Poaord
via Gocuin along the Johills River zhows
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i 107 fownrds aorih. The following secs

sediments are exposed pear Ponri, The dip fion wos studied near Barashads ¥illoge.
Loy TiCE<Esy Fuo
i1 HNis,
Yellowish silny. samilsbom LK} B B2
Nellowish Tamimated sandstone §Tossiliferonms) ans BC IR
Citeenish sty sandsiong [fossilelenss) 2> BC 10F
TALUHIE Yellowwish lonvinaled sanidstone dlos<diferow) [ER] | B 9F
Yellowish slliy sddsione {Tossiliferaus| 12X B AF
Larmina el sislstons {fmlgl'rf':mu:!l 0923 BC TF
Lominated yellowish greenish sanidsinps 2.43 R &

B. Mangthar-Apprad Traverse — About
L6 km west of Mangthar Village, the
Talchir Boulder bed i exposod in a nala
leading 1o Johills River, This bad is about
1.22-3.05 m in thickness and resches uwp to
915 m Murthar west o the nole,  The matris
mainly consists of frunlﬂh ~blpckish snd-
stoned and s overlnin by 305 m rhick
yellowish-whitish sendstones. The dip s
5" towards easl. The Talchir Formation is

exposed up to the janction of this nala with
the river Johills.  About 0,45 m south of
this junstion snd abput 028 km o owest of
the rver Johilla the carbomacecus shales
und sndstones aré exposed with  pentle
dip towards wesl. The plant fossils were
collected Trom the following two sections:
() About 0,40 kmo wes! of The villoge
Mungthar ond on the east bank of the river
Johilts the following seclion was studed;

LiTnnLoGy T HEHE Fmn
m Mo,

Yellowlsh white coang profcd sandstone ] MA 25

Eooal a7 | MA 14

BAHRAKAH Hilgish corbonneeons shule (Tossilifigrous) 183 MA I3

Carbonscecouws thalke 045 MMA 22

Bleish corboniceons shale (Tossalilerous) | Pk ] o5 L |

Whkitish aundatone 1.5% WA T
(i A lew [mgmentary fossils were of the Johilla River, .15 km noith
eollected from the following section ex- of the rpsd joiniag Amorsi fo Lakhan=

posed on the right bank (Amuoral side} por:
Loy TN Firin
(51
Pinkish wnddono .53 L &
Whlie ywlliswish simdsiono 58 LA d
Carbonsceoss whale a5 LA 7
VW iile sand&ono [ER" LA 6
Carbonaccones chale TEIued myx Ly §
BARAEARS o | [LEq! LA 4
Carbempeeous shale fomiliferong) ir31 LA 1
Diish sandsioee (L7 [ 2
Wallowial aanclainme anmnd ainlo 1ns [T |

€. Khadargaan-Kudri Traverse—Fol lowing
section of Supra-Barakar ond Barzakor mem-

o nala approximofely
hedargacon Village.

bers was studied alon
1.6 km norlh-eas of

K

TATIRSLINTY TrisEEwEad Firen

i Mos,

Pinkish velbowish sandsione 1,52 KE 7

SUFEA BARKAKAR i.cli} el white snmilsinne L3 KE &
(F maned o k31 KK 5

W eat heroel sandsione Jclivey) Ay KE 4

£ ares gm|n.ml: vellowish sandsbone 1,23 KE 2

BAHARAR Clayey shale flnssiliferous) i1l KK I
Lompact clayey sandsfops IEL] KK 1
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D, Patpure-Marfadu Mol Traverse — Ina

Village sfter crossing the road bridge ihe

section about 3.2 ke east of Khodargaon duccession i3 as lollows:

Litvetd oy

Mgsalve yedlowlsh samilstons
Casbennetous shaly sandstons

BARAKAR W lovwial samdsione

Carbonoeooun shaly sandsfons
Corbonnceous ahsle (losstliferows)

Coal

E. Ganjree MNoluduhlla River  Couffeence
Traversr — Fragmeniary  Tosgil collection
wad made Trom the Ganjra Nala up io jis
conflaence (about 24 km south-west of
Birsinghpur-Pah Railway Siation) wilk the

THECENE= Fiem
m T,

308 o |

| e K&

{3l K3

.31 K4

+.a1 K5

1233 K3

river Juhilla, The sections alwdied arc

deseribed  belovw:

{0 Section 027 km east of the Ganjoi
Mala-Johilln Conflnence, along the Gonjri
Tomim

L erinkooy Tinrckniss Fren
m it
Bandstone (foasliferons) - GN 3
Carbanneorus whale {losilrlercus 1.3 LN 2
HARAKAR Eirny mibcacaniong: snditoeas Tomdlilereo) 1.53 G OIF
II:;'_:ri naceous’ shak Fossiliferons) 4 GN1
[711] — e

(it} Seefion 0,00 Em cast of Ganjra Wala-Jolils conflucoce, along the Ganjra Mol :

L rHs L

Micaceime asmintone
Coaly shala
RARAKAR

Carbonaceous shle: (Tomififerous)
Coaly stisfe [Fossiffarous)

(i) Section 0,09 kmiowest of Ganjrn Mala-Johille confluence:

LrrsmLoay

Flicneooes sandsione
B.I'I.Ea!i.l[ﬂ-_ﬁ

Carhonnseoirs shole (lossdliferons)

THIEE TS FeLmn
m T,
-_— N &
1.53 GHM &

183 GM 5P
[ Citd 4
THICENESS FiLp
i Nom,
—_ Cid
108 GH T

{iv) Section along the other bank of Johills River, opposite Ganjro<Fohilla cenfluence:

L.rrHALI Y

Mlicneeous sandsione (FosaiBherpi)
Carbonoccous ihnle [Fosdbiferesin)

Sandsione
Carbonaceous thale
Hhale armd sandstono

[RARAKAR

Asstrerum

The geological succesion (Chandra & Lele,
19800 of thii area (Mop 33 15 an follows:

T
Barnkar Coal Messures
Toalethir Y

Mbgtamios jplokis

TiCEHESE FiELD

i Mioa,

— JIF

14 41 Ff
o 11
.o k|
- 43

The Metumorphics (gneisaen, pranitic
gneisses, schists, ele.) nre exposed in the
roisthern extremitics of Anuppur.  These
rocks are overlum by the Lower Goodwana
sedimenis, which are ropresenied by the
cotl-bewring . Barakar and  the Talchir
formations, Sandotonies, sholes, carbono-
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peous shales and coel form the general litho-
logy of the coai-bearing formatien, The
Talchir Formation has the wsual [ithology
af the boolder bad. neEedle ahnles, silitione
and sandstopes of varioos shodes. The
Lower Gondwanz [formalions are  well
exposed nlong the Hokan amd CUhandas
maled. Both  these  onlas  hove  been
surveyed, The areas around the willages,
Siken, Pamoa, Jamri and Chilar, eto, were

visited mnd the [ollowing ravemess were
undertnken.

A, Bakam  Nala  Reifegy
River Traverse:

(1) Plapl [ossils were
i curbonsceous  shaly  bed wilh  zamd-
stone  intercalations, eaposed oboot 2.4
km nomh-cast of the Hokan Mala Roil-
way  hridge [(about 4.5 km  porth-west
of Anuppur R.5) along Hakan Nalo.

Brigee — Ko

collecied  from
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This section has the following distinct  beds:
L Hpoosy THECEHFS Freuo
1] Mg,
Conrse grained sarslstnne .75 e
HARAKAR Crirbonateous lhn]ﬁi wilh smcsione inders 025 Tk M
enlntions (Fesd Hergus)
Cirewlely white conrsc-araingd sandstone 2o M 19

(i) Well preserved plant megalossils have
been collected from u arbpniceous shale
bed exposed about 05 km south-west of
Bakin MalaSon River conflucoce along

Loy

Coarse-pralnnd wandsfod
Carbopacoows shule
Canl

L‘Hrmﬂncrmm shal=
Whitish=hluish sralsbone

B. Bakan Nala-Mewladl  Traverie — ln
this traverse the rocks belonging to both The
Talehir and copl-bearing Barakar Tormu-
tiome were mel wilh, In agne of Lhe deo-

E‘ﬁtl:rnunrzrnlu shiabes {fomiBilferpan)

the Bakan Naln. This richly fossiliferous
bed confaing three species of Noegeena-
thiapsix poly, The sueeession of differcant
beds 15 an Tollowms

Tamncksmss FELD

I Feom.

b1 BN 17
w3 il
031 BN 23
.31 L]
o5 BMH 23
031 [N I3
By e |

tions, exposed sboul 028 km south-west
of the Hakun Nala Railwoy hridge, some
equiselaceous stems have been found, The
succession of different beds is mi Followi:

Lrmso oy THICKHIE Frivn

i Has,

Yolowish-whitisls sandatomne 104 BN 3

TALCHIR Shaly sandsdone (Tossiliforous) 1.83 BM 2

Whitish-yellowish sandsione 1.05 BN I
C. Chandgs Nala Raifway Bridee-Damea  Equisetaceous stems  have been  found
Froverse —The rocks met with kelong to  rom the I’nllmwnF section eaposed about
the  Talehir Fermation aod include the 45 m south  of the Raflway  Hridee
sandstone, needle shale and boulder bed. (1.6 km west of  Anvppur  Railway

The peseral dip & ®°-10° due north,  Siationd,

Loy THICK e FipLn

T Mo,

Massive yellowish susistone ET1 Ck 4

TALCHIR Shaly sanistone gpreenish-whiie (TossilTorous) &l CM 2

Gireen saidstane LH3 N 2

Maszsive yollowish Bne-pralnal sandsione 1LE3 CH 1
D, Chonday Nola  Raltway  Brldve-Son  megalossils hiive been collected from o

River Triverse — Both the Talehlr and ¢oal-
bearing Barnkar formaotions are oxposed

ged phout 1.6 ki

Talchir  sequencé £x
pndas Baln Railway

north=cast of the C

along the Chandas MNala, Fragmentary  Bridge with folfowing distinet beds:
Lrmouoday TincEKEss Frip
m o e 8
Beoedle ahales (TomEliferow) o5 O 28
TALCHIR YeHowish an nnt- 305 CN 27
alchir Boolder B 305 Ch 2
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According to Biswas (1955) the geological
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succession of ithe lofmations exposed in
Chirimies (237101730°: 23"201%: Map 4) aren
foas follows:

Roceut or saberocens

(incloding: ¥ orhprbari Siape Lower Barnkard
Lipper mast Carboniferows or Basal Permban

[eecenn T rnLu Pasi-Barkar
Lower Burnknrs

Tulchirs

Atrchean Pre-Canibeinn

Smiall patches of metumorphie recks are
giposed in the soufh near  Akhgrdand
WVillage and in ibe porith around the village
Kotharn. The Talchir mocks nre expused
in the gouthern and weiern extremity of the
areg.  The Talchir Formation includes the
Tualchir Boulder Bed. Needle shales and
sandslones of vnpuy shades. The Barakir
Formation i expoged in the Kaorin Maln

nown us Kararkhoh exposure), Ghemeen

Ia and provnd Chicrlmin Bailway Sintion.

ghale und coal, A bell of dolerite and
basalt overlies both the Talehir und the
Bareknr formatione.  Tn this grea the follow-
Ing truverses were underimhen;

AL Ulvirdmdrl Paradol R.n:'h'q_:l f'uﬂ.i:q
Troverse — A number of pood wecions of
Talehir and Barakar rocks are exposed
wlong the railway line between Chirbmicd
and Paradol Railway stations.  About 0.8
ki north-west of the Chirimin  Bailway
Stution, n rich collection of plant Fossls

The rock tvpes mel within fhe Barskors  was mode from the following section.  The
include sandsioncs. shobes, carbonnoeous beds dip 107 doe norh.
LrvueoGy T ENERS Fern
m Tk
Yellowisb-white conrse-grained anndeioms 15 LE L ]
EEI.I.L‘I’I:I'II bedided)
"l 0135 ]l |
HARAKAR Carbanaceons thole ond sndsione: nflernanng J.65 L
(TessiElermunh
Carbomosocous shiks {182 L
Sandsons 205 CP 2
Carbonusenns shinfe 215 o
Fing=grined sandslone L L] i |

B, Gaenresy NMala Troerse — From the fal-
lowing section, exposad 1.6 km south of Chirs-

mird Rallway Station, a few plant fosils were
enllected alonathe bank of the Caemera Mala:

Limem oy TrRiCENESS Firim
m e,
Coarse-prained sandsiond i, LA
Cosl and coaly shale 1.53 L 2
RARAKEAR Carbonzeeons abple (Fosslileroan) T4 Li3
Pledtivm grained, whitish micaceous sndaions Lo L] [
Canld 7,62 G5

O Dyrne. Hill-Korew Coplfedd Traverse

plant fossils was mode from the follow-

— Thiv  truverse  was  undertnken  [rom  ing section éxposed nbout 0,35 km north
Dumun Hill (o0 Koren Colliery glong & of Duman Colliery along the  railway
private roilway lme. A rich collection of line:
Lrrnainay Tunrsps Furem
m Do
Yellowish wmdione (aaihered) 10 BE 16
Shake 13 0K 1
BARAKAL Wenthered, coul - K 14
Pinkizh sandstone 52 DE 13
Carbammosees shads e fhersd [fuul]l.l'l'.l!’flub] e DK 12
Hivksh sandstong 0,92 DK 11
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Fﬂ TAL CHIR IE' THAF
L TaL DATLAM AR

HIE®
ECALE
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Colvarm Basin, Hoghics,

0. Chirimiri-Bhokbiuki Traverse — Both
the Talehir and Barskar rocks mre seen

gfodogical map of South Rewa

fossils was made from the following section
giposed north of the village Bhokbhaiki

exposed plong this traverse from Chirimiri  and whout 0,46 km west of the road
to Bhukbbuki, A geod collection of plant  turming.
Loy THICKsasa Firin
m ! (6L
Y¥ellowish sandsione b [ [
Needle shales 308 B4
TALCHIE Yellowich silistone [Tomalderane) 1.2 B3
Cirgalali nesille shales (Feasiifoous) 1.3 i
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PESCRIFTION OF PLANT FOSSILS

Geiias — Gangamopleris MeCoy, IHE&I

Crafrganit ooy r_rt'fggrgrmfﬂﬁ Feastmunied,
|

Lol Dg 15 Pl 3, tig. 43

Daveription — In all, there are 1% in-
complete leal impressions.  The leaves aro
913 cm bome gnd 3-12.5 cm broad at
maximum width. The apex & broadly
munded,  base  missing, and  margin
gntire. The veins prise from the base and
the medinn region & accopeed E_IF 5 lo 6,
thick, parallel running sirands. The loteral
verng - arch out at angles of 7 W W
After enustomosis und dicholomimtion they
form lLroad, long, polyzonal meshes in e
middle gad lineps, mareow meshes near the
mprgit.  The meshes are 8 to 12 |r|:13;
and 1.0 to L3 mm broad in the middle and
10 to 13 mm loag and 08 o | mm beodd
nedr the margin,  The depsity of veins is
B0 to 12 per em in the middle and 12 10 15
por em- near the margin.

Comgparive — The  specimens  in Dir
venptign  pattern  amd  shape  tosemble
the lepves described by Feistmantel (1873,
pl. I, figs 1, 2] mnd Srivestave (19774,
ple 1y fE: 1) )

Pisrribution - Talehir Formution Bhuk-
Bhuki, Chirtmin {Tmverse D) Coal-tear-
ing . Foermation — Baruha  MNala, Umara
(Traverse B, (1) and (i), Bakan, Anuppur
{Traverse A),. (i) Chirtmin-Parndel Sec-
tipn Chirimiri (Truverse A

Canganoptery clarkeann. Felstmantel, [§79
FL 1, figs 1, 3z PL 2, Be 13

Dexeription — There are Tour incomplele
leaf impressions in the collection. The
leaves are 25 to &8 cm lopeg apd 25
to 3.7 em broad al maximum widih.  The
ppes in breoad ebituse, Base missang and the
mpriein is eotire. The veins ecmerge [rom
the base and lorm 5 to 7 subparillel
interconneciing stmnds in the medipn region,
They are thick, distant and arched. Afiee

unastomosis  ond  dichotomizoiion  they
form - epen, oblong,  polygess]  meshes.
The meshes are 4 to 1 mm long snd 4.5 1o

1.5 mm broad i (he centre and 5 to B T
longand (L7 to | mm broad negr the margin.

THE PALSEOHOTAMIST

The denssity of  vems i 8 ta 0 per cm
in the middle and 10 10 20 per em sear the
T,

Comparisit — The pridenl specimens ane
clearly comparnble in thesr venubion potiern
with &, elorkesne Feistmantel (1890, pl. 20,
hp. 33, Maithy (1965d, pl. 4, fg. 25) and
Srivastava (19770, pl. 2. hg 9).

Dingrifurion — Talchir Formation — Bhuk-
bhuoki Chirimin {Traverse 1) Coal-hearing
Formation — Duwimn Hill-kores  Seclion,
Chirimir {Travorse r_'_:l..

Cigemicpderis eagier: Feistmaniel, 1879
ML o1, B 53 PL L fag B2

Deseription— Thero are six incomplets
lesif  impressions in the collection, The
Ieases pre 3.6-2.3 ¢m long and 2.2-3.5 cm
bBrocd gt masimum width, The leaves gro
nprrow, elongite o spathubile in shape.
The ajes and base are missing and margin
i enlire.  The medigi puﬂ.fnn of the lenves
is ocoupicid by 3 te T parillel runnieg
strands, The sccondary veins are arched
and afier prasiomosis and dicholomiztion
form linzar, pamrow mesbes Thropghoo
the laming. The meshes sre 5 o & mm
long and (.3 wim broad, The dessity of
veing 18 15 to 22 per om,

Cimigerroont — The  specimens  resemble
Crangaiplerty mrrfor dieseribed
Feistmantel (1879, pl 14, (g, 3} and
Maithy (19654, plo 3, fig. TV in s narrow,
clopgale shape end linear marrow mesh
patteEre.

DHxtribation — Talchir Formation — Bhuk-
bhuki, Chirimirs {Traverse [3j; Cogl-bear-
ing Formation — Hakan MNa Anuppur
[ Traverse A (i)

Ciompansipieris intermedio Maithy, 1963
. 1, fig. 4

Deseripeion—There s only vne incomplete
leal Impression in the colkction. The
fgured leal s 649 om long and 4 a0 broad
al its maximum width and is owle in
shape. The apes und base are missing,
margin i ontire. The median region of
the kal is ocoupied by elongate, hexagonal
meshes, The scopndary weins ang. prehed
und after anpslomosis gnd dichotomization
form comparatively broad and elongated,
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hexnzoml meshes in the centre amd oprrow,
hexagonnl meshes near the margin of the keal,
The meshes are 8 1o 10 mm long smd 1.0
mm brogd in the centre and # to 12 mm
long and 0.6 1o 1.0 mm broad nenr the
margin.  The density of veins t5 W te |2
per cim in the centre mnd 10 to 16 per cm
nenr ihe morgia.

Coniparison — The presenl lenf is closely
comparable with the holotype of Gange-
mopierds infermedic Maithy (1965, pl. 3,
flg. 22) in its sh%pﬂ and vengtion patterm.

Disyribution — Talchir Formation — Bluk-
bhuki, Chrimirt {Traverse 1),

Lramgamepterip. angurtifolin McCoy, 1861

P, 3, 1. 14
Dyweription — Thete are only 2 incoms
plete  benf  impressions dno oowr collee-

tion, The figured leal s &% cm long
gnd 200 em brogmd. The beal is limear,
narrow  In oshape. The apes s doule,
base missing, margit entine,  The medinn
region s occupied by 5 o B sub-
parallel runming  veim  whick give Tise
b secondpry velns which form linear, elon-
gale, hexggonol  meshes  Uhrodsghoul the
lwming, The meshes gre 6 o 8 oon long
and 0.2% mm broad. The densicy ol séins
fs 72 o I8 per em next the. margin.

Compariven — The  preseal  spedimens
resemble € awgasilfelin  deseribed
Feistmantel (1879, pl. 9, hg 5) and Maithy
{1965, a-‘EL 2, figs 9, 10), _

Dvteiiton — Coal-bearing Formabion
Munpthar, Hismghpor  Pali  Troverse
Bii)| Baruha Nala, Umaria [Trverse BY)
wnd (1.

Gangamapioric hurbarbarieasi Maithy, 1965
PL 2, fig 13

Deserlprion — There gre only twa in-
pomplele beal specimens in ihe  collection.
The figured leul d5 LY &m long  and
140 em bropd ot s mpiknmum width.
Only upper parl of the leal % preseni,
The lenl & hnenr to luoteclute n shape,
%pg:. pointed, base mussing, mwrgin entire,

e median region of lead s oecipied
by &7 weak subparallcl wegins  which
pve rise lo arched secomdary veins al an
acute angle. The sécondary weins  farm

FOSSILE FROM TALCHIR & COAL-BEARING FORMATIONSG |53

marrow, elongate meshes of equal  wze
thru‘-u@mul the ming.

Cennipaeivon — The veénibion pattern and
generial shape of the specimen closely res

semble Gemgeamopieris arbarbarlensls des-

ﬂ:l‘ll:r:;:l by Manhy (1%65d, pl. 2, figs
[1=13)
Dixiribiitipn — Conl-bearing  Formglion

— Patpara-Marjada MNaka Section, Rirsngh-
pur Peli; (Traverse By,

Gangainopierls ¢yelaplvroldes var, attemigta
Feistminlel, 1§79

Pl 2 R 11

Deseriprion — There ate Tour incomplete
fragmentary kel specimens fn the collec-
tiom The fgured leul is more or [ess
complete, mensuring 1 em long and
3.5 cm bropd uf s maximum widih,  The
gpex 15 obiuse,  base  confrocted  and
mgrgin entire,  The median eemon of leal
is occuped by 4 1o 5 parzllel running
weine which form secondary weind  which
arg thicker in the lower part.  Afer hngs-
lomosis and  dichotomizuion  secondary
veing form linear ablong, norrow meshes
throvghout Bmina.  The meshes ore 47
ey bong wind ©0F mum brogd.  The density of
velns g E3.20 flor Smi e the |'|:||1|.'Fi|:| of
the |epl.

Camparisgt — The present specimens in
their dontracied base, 1o stlenuate basse,
getieral shape and venation pattern compare
With G. evclnprermiges var. . giteiuarg dese
cribed by Feistamatel (1579, pl 11, fg. 1;
pl. 14, figs 1. 2,

Bixeeibation — Coal-béoring  Formation
— Baruha Mala, Umaria (Traverse B

Gramiis — €2 loxsomierly Brongnlerd, 1THE2

Crfeasapicris s,
P4, g 37

Beaeription — Leal' & larze, broad, spa-
thulaie in shape sheesuring 145 em in
lL;lr:frh amd 76 cm om widith, The apex
I base  afe missing, only one side
of laoiog i preserved., The midrib s
thick, 2-} mm broad, persistent, grooved
and  struited.  Secondary veins  arise  at
an geute angle, arched, afier piadlomosis
and  dichotomisation Tovm open, elongaie
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hexagonal meshes pear the midrib sod
linear slomgnte, fne meshes fowards the
margin.  The meshes are 7t M mm Jong
and 0.75% to | mm bread near the midonb
and 10 to 18 mm long and 0.5 mm brogd
pewr the morgin, The density of weipy
Is 9 to 10 per em near the middb and
20 to 22 per om near the morgin

y on — The Yenalion piatlerm of
the present leafl 15 comparsble with that
of &, comrmemiy Feistmanntel.  However, our
specimen is considerably lorge in size.  Due
1o the abience of » base and margin
al the leaf, it is difficult to sssipn (s
specimen Lo any known specica of Gl

ris.

Distribitlon — Conl-bearing  Formution
— Baruha Mala, Umars (Traverse B,

Crlozsopieriy decipiens Feistmantel, 1579
1. i, Ay 26

Deseription — There are seven incomphit:
Ieaf impressions in our collection.  The
figured leaf i 6.9 tm long and 13
em  broad Al My makimum width, The
ppex 18 souminnte,  base  abgent and
margin fscntive. The mideib s disting,
up to 3.5 cm from the basal region and
then diffuses into fine sccondary velos neir
the spex. The sccondary veins arise from
the midrib 4t o scute angle and ofter
dichotomimtion aml dnastomosis . form
narrow, oblong  meshes throughout  the
Inmina. The meshés are 3 o § mm
lopg and 25 o 03 mm broad. The
dedsity of veins §s 10t 12 per cm in
the middle and 1514 per em near ths
margin.

Compariion — The present leal ressmbles
. f.p.:{p]'m.-r (Feistmantel, 1879, pl. 14,
fig, 4}

Eﬂn}mﬁun'r_r.q — Copl-bearing  Formoiion
—M;]_nst]:uu. B"i_ningh]:u:' p'|:|.|!ip ._T:rih-'l!l‘:h:
B (i}

Glossapreris commmordy Felstmantel, |876
Pl 4, fig. 29

Degeripion — These are 10 incomplete
leaves im the collection. The figured feal
is 8,1 em long and 33 om bhroad. The
apex ond base are mssng,  margn. s
entire. The midrb 5 1.3 o 20 mm
broad snd strimted. The sceomdary  veins
arise at an angle of 45 They are slightly

THL PALAEOIITANIST

arched and sfier dichestomy and anasto-
masis form long, linear, anrrow hexaponal
meshes throoghout the keal., The meshes
wre 5 o B mm long and 015 mm
biosd, The density of the wveins is 10 to
16 per cm pear the midrib and 18 to 25 per
cm pour the morgin,

Caomiparisen — The present  specimen
closely mgrees in its penernl shape and
vendtion patlern with 0, cormmamls described
by Felsimantel {I5Ela, pb. 36, hg. 2; plL
32, fig. 2; 1886, pl 2, 1, 2) and
Mabeshwart and Gyan Prakosh (1965, pl
3. fir. 141,

Ditribution — Coal-bearing  Formation
— Buruha Mula, Umaern (Traverse: B),
Monpthar-Amurad  Section, Traverse Bii)

apd (i), Khodarggon-Kudel  Section
{ Traverse T, Patpora-Marjedn Mala Section
Traverse IV}, Cunjran Mala — Johilln con-
penee Section, Traverse Ei  Birsinghpur
Pali, Bakay Male, Apuppur [Traverse AE‘”.
Chirimiri-Paradol Kailwey Colling Section
(Traverse Ak Dumin Hill-Kerea Section
(Traverse ), Chirimirt.

Cilpasepierls karferboaricnst Chandr &
Surange, 1979

[ P N | T 1

Deaeriprionr—There are 1% incomplete Taaf
impressions in the collection. The figured
lealis 5.2 ¢m long, 1.B &m broad at its max;-
mum widih, The leal is linepr, narrow tn
sliipe.  Apex is aoule, besc missing and
margin entire.  Midrb distinet, stripied, 1.0
tio 1.5 mun Braad.  The secondnry veing arise
at an acnte angle from the midnb and after
I mi Ihey arch and reach the marpin of
the leaf. They dichoiomize wnd anesio-
mose o form marrow, lincgr, pelygonal
meshee  throwghout loming. Meshes pre
3 te 4 mun long and 0.5 mm brogd, The
density of veins is 20 to 22 per em through-
out the lamina,

Camparison — Chandra and Surange (1979,
pl. 47, Tig. 3; lexi-fgs 20A, i, i, 46N
crected o new  species, Glasyopreriy  Kar-
harhipriensid Tor the leal deseribed  carfier
under Gilassopreris pngrdfodio- by Kuikarni
(1971, pl. 1, Ee. 10 resent leaves
are comparsble o the holotype of G.
farfmriaricnsiy (specimen no, 3 B.5.1LE.
(Muzeum) in their shape and venation

pattern.
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Distrituetion — Coal-bearing Formation —
Baruhn Mals, Umarnia (Traversd B).

Glossopierty angusia Pant & Gupta, 197
Pl 3, Og 22

Dwseription — There are 1wo incomplets
femves in the collection. The fzuired leal
is narrow, spathukite in shape, 9.1 cm long
pnd 22 om bread b iis maximum widch,
only one side of the laming i well-pre-
sorved, The apex snd bake s missing
margin entire,  The midrib region is occu-
pied by 56 parallel running strands which
in die course [orm secondary nerves und
witimately ope strand reaches the apex
The secondory veins form loog marrow
rectgnguler meshes of equal size throughouwt
the laminm. The meshes are 2 to 4 mm
bong and 0.3 mm brogd. The density of
veing I 15 to 2 per em near the mudrib
and 2 1o 23 per em near the margin,

Cromporivon — The  sposimens closcly
compare with the hololype of &, augaiia
Pant & Gupta {1971, pl. 21, G 33, 3
in their shape amd vepation patterm,

Diztribution — Cokl-bearing Formidion —
Bariha Mali, Umaria {(Traverse B,

Closvopteris inflca Schimper, 18689
L3, fig. 23

Deveription —The specimond are fragnien-
tary, The figured leal is 4.6 ¢m long and 2.0
cm bread al s mesimom width,  The apes,
tase and margin of the leal ore ool presery-
ed. Midrib iz distiner, 25 mm browd and
persistent throughout the presecved lenpth,
The secondiry veins mrise gt an engle of
457, They dichedomize and phastomose 1o
Torm few beoad, elongate, polygonal meshes
near the midrib apd marrow, clongste,
bexagonal meshes peor the marging, The
meshes are T o L5 mm and 0.7% e 1 mm
broad near the mudnb and 3 to 4 mm long
and 0.25 to 0.5 mm broad near the 'margin,

Comparivon— The  specimens fairly re-
semble the bisud part of O, fdica (Schime-
per, 1BEF) which has been rephotograpbed
by Righy, Maheihwarn and Schopf (1980),
Kulkarnd (1971, pb, 1, fig. 150 and Seivisiovi
(1977b, ¢l, 1, fig. 1),

Dixeritwtion < Coal=bepring  Formation
— Dumun Hill-Korea  Section,  Chirimir
(Traverse ©), Mangthar-Amura Section, Pir-

singhpur-Pabl {Traverse B (1), Khodargon-
Kodn Section, Birsinghpur-Pali {Traverse
.

Gilosroptorin zwillerd Pant & Gupts, 1968
Pl 3, flg. 24

Deéscripiion — Leal I.'rugmv.*nl.'lrsi figured
leal 4.8 ¢ leog and 2.4 cm broad, narrow,
elongate, bise absenl, apes ncute, mirgn
eptire, modrib distinet, stristed, 5 mm
brogd, Secondary voink arise af on poute
angle, shighily arched, afier anastomosis
and dichotomization Torm navrow elongete,
hexagonal meshes throughout laming.  Den-
sity of véins i | 3-20 per cn near the midrib
and 2025 per em oear the margin,
Comparivaonr — The present leal compires
woll with the holstype of &, zeillerd Paot
& Guptn (1968, pl. 21, fig. 200 in ots shape

and venation prtterm

IHtritnrin — Coal-bearing Formation
— Dispn HIEKorea  Section,  Chirimdni
(Traverse L)

Crenis— Noegoerailiopa iy { Feltmanedd) Moithy, 195

Remirfes— Bigby,  Muoleshwarl  and
Schopl (1980} have oot recogmized the
separale exisfence of the genus Nowggere-
plriopeds wod comedered i Lo be the Synonym
of the genus Ceratfes

Nogppergthiopali Jeivlopl | Bunbury) Feisl-
fraditel, | HTY

i 0, s 682 P2, A BT

Dheieipiieny — There are 16 spiecimens in
the collection.  The specimens from Talchir
Formation are Fragmestery byt well pre-
seived, The leives wre 4-10 om long pnd
FA-2.7 e brosd at maximum width, The
apes s missing, buse coptrocied bul extreme
base iz nol preseeved, margin enfive,  The
shape ol leal 18 probably lmear-lanceolale.
The weins arese fram the base, dichobomize
freguently-during upwnrd course.  The angle
af divergence between twie velnis s 27 and
4, The density of weins o8 1620 per cm.

Compardien — The prefent specimens an
comparable with N, fhivepi described by
Feistmaptel (1879, pl, 20, fg; 1; pl. 29, figs
I, 2) pnd Maithy (19656, pl 0, lzs 1, 2)

Diirr i —Tuolchir Formation— Chan-
dos Mala, Anuppur (Traverse D), Jwale-
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mukhi, Umaris; Coul-bearing Formation —
Mangthar Birsinghpur-Puli [ Traverse B{) ,

Bukan MNala, uppur [ Traverse - Al

Chrimiri-Paradol  Section  [(Traverse A}.
Gaemera MNala (Traverse B), Duomean Hill-
Koreaw Section { Traverse €, Chirimiri.

Nowgperativiopys gparkbarg {Dann ) Muaithy,
Maithy, 1963

T e 80 1 TVR £

Dexcription — There are thiee specimens
present in the collection.  The hgured leal
5 68 em long pnd 28 €m brood o s
masimum width., The kaf 16 broad, spathu-
Bate.  The apes i missing, base tapering:
margin is entire.  The veins anse from the
base, they are divergent and dichetomise
frequently during upward course.  The angle
of divergence belween (wo veins s 07 and
0" Veins are not LTy tloae, the dnn-m_l,'
i 14=18 per ¢

Comparivor — Although  the  apical
portion of the leives 15 nol syl I
the present coliection but in The nolure of

the specimens wre s
parable with M. sperhifore deseribed by
Maithy {1963k, pl |, figs 4, S
Prisirieetion — Coal-bearing Formgtion

Bakian Mala, Anwppor [ Traverse Ao,
Mangthar-Amurai Section, Birsinghpur-Puli
[Traverse B Chirinsdoi-Parsdoel  Secion,
Chirimin  {Trgverse Al Goemern  Nolg,
Chinmin {Trsverss B, Dheman Hall-Karea
Scction, Chirdmiri (Traverse £,

divergent  veins,

MNocpperoliisvg piinas sp. Boy,
P, 2, figs 19-21

PETY Nocggeroshsopas Oivtepl Peistmamtel,
pl. 18, figs 3, 4, 5.

Diggwosis — Leal  simple,  svimmetical,
small; spathulate In shape; apex broad,
rounded, buse narcow, controoéd, mirgn
entire; veins arise from base, Thick, eredl,
dichedgpmize twice or thiee, open, angle
ol diuurg«pn:; L ..Ii:'rﬁ.ii!,.' ol veins 15-14

per o,
Holgtype — P 1, hg. 19, B.A.DLP, spec-
men no. JAHED,
Tipe Lacatity —
Traverse A}l
Hoelziv— Coul-besnng. Formation {Lower
Permuin).

Bakon SMaka, Anuppur

THe PALAEOROTAMNIST

Ihescription — Six complete to incomplete
hea |mpn.-mnn!. ure present in the collec-
tion,  The leaves are small in size, varying
from 3.5 1o 6.0 cm in leogth and 1 1o 1.5
oy i width and are spathulale in shape.
The apes is ilwavs broadly rounded, base
coptrected, somelimes tapering, ma.rg:n i
entire.  Veins are ecomparatively thick, fuirly
open, dicholomize only twice or thrice
dunng upward course,  The anple of diver-

gence befween Two veins 65 27 to 4%, The
density. ol veins is 11 to 14 per em:
Comperizoy — The  presont  species has

been instituied 1o sceommodate (he smaller
feaves hoving open veins with distinet round-
cd apex.  Soch small lenves have sardier been
described umder W, fosfopd.  Bul it has been
lound that such leaves are morphologionily
distingt and choracierisne, therefore, they
have been awsigned to 4 pew species,
MNowgwerat oty s,

Distreituiting — Codl-bearing

Daman  Hill-Korea  Section,
(Traverae .

Formatlan
Chirimiin

Nacesera oy 8p,
1. 8, lhy @

Deseelption — There are many  frapmen-
tary impressions of incomplete leaves i the
ciplletion.  The apex and base are ahsent;
margin ds entire, The luming of the kaves
1 oocupied by orect, pamilel running veiny
emerging from the base of the lenves;

he angle of divergence of wveins is 37
The density of vedns i 12-15 per om,

Crmpariven — The  specimens are  very
fragmentary and it i diffioll to compars
them with dny well known  species of
Noepreraiiieniy,

Distritnation — Talchir Formation —
Chandas MNuli  Railway brdge-Son River
:’;i-}uﬂi:!n. Chamidns Nala, Anuppur (Traverse

),

Espilsriacmns STes
L0, B g LY, g, 26

The collection includes a large number
of well-preserved equisclitccoys stems with
continuous Hidges and prooves,

iy ifon — Talchir Formation —
Marachada, Birsinghpur Pali (Traverse A);
Cogl-beiring . Formation — Patpars-Muar-
jnda Mala Section (Traverse D), Mangthars
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Amurai Section [Traverse B, Khodar-

gmon-Kudel Section {Traverse C), Hirsingh-

ar Poli, Hprihe Naln, Umarin [ Traverse
i1: Bakon Mala, Anuppur | Traverse

Mii )1, Chirimiri-Paradel Section, Chirimire

glu'.-tm A), Dumgn Hill-Koren  Section,
rimiri | Traverse €

Ferfebrarin idica Rovle, 1533

Well-preserved nmpressions of this species
have been reverded rom the Cosl-bearing
Formation of Birsioghpur-Pole,

COMPARISON AND DMSCLSS10MN

Muegafoisily from the  Talckiv  Formwtion
— The Talechir plont fossils are  poorly
known from ladin, Feistmontel (1879 po-
ported plunt fossily refernble 1o Talchir For-
matbon from Deogarh, Karpnpura, Aurangs
and  Hular cnalmlds pnd  Sputh  Kewa
Condwuna Busin,  Suraoge aod Lele {19360,
1957 reported Talchir plant fosils from the
Johilly ond Ciiridih coalfields.  Lele [1966)
ohserved g few species of Gomgamopiersy
and Schmaropris from the Simerauli Coulfickd.
All the mepilossil re¢ords from the Talthir
Formation were symhesized by Lele {1966,
table 2} and pointed that the oldest Tulohie
Liorizon is devold of any plint fossil whereas
Ganpamapierls awociated  with  Noepsees-
thigpsiy i the common element in the
?.u-ungm' horizens.  Glassepteriy 5 Tound
nothe youngest Talehirs (Rikba bed) or
s presence s indigtive of the overlying
Karhutbari foru.

The Talchir mssembluge lrom Anuppur
s represented by Moeggeratldopedy Tilopl,
Noepperathiopsis sp,  und  equiseluceous
stems.  On the other hond, Chirinvin as-
semblage s composed of Tour spocics of
Gangemnpteris. The Chirimin gssemblupe
is comparable 1o the 5 uli flora which
comprises 3 species of Gangamoepreris and
one species ol Samaropris {Lele, 1966). We
have not found other plami  lossils o
Chirinnir) as repocied By Biswas [ 1953).
The Apuppur florm i tepical in having osly
Na?gg-eru.lrl'um-'.! and- 5 pot - comparnble
to amy known Talchir fiora, 1t is interest-
ing Lo mote that the Talchir assemblage i
Chirimiri is represented by Ganganmaies/s
while the ong from Anuppur shows oply
Noepperaililopsiy,

Mepfosydls from the  Coolf-bearing . For-
srerlioty — The Umiarin  segemblage 8 pe-
prespated by 3 specics of  Gangomepierds,
four species of Wossepreriy and equisetnce-
pus steme, the Birsinghpur Pali pssemblape
by Two specied of Gurgamapierts, four species
of Gloseopiteriy, Fertebravia fadion, Arberia
Sirairged I:l:'hl.u.lfru. £ Srvnuipva, IH‘HIJ.
iwo spestes of Mocgperathiopssy and  egqui=
ietaceous stems, the Anuppur lom by two
spevies o Gramgamopdents, Lhree speaes of
Nowggeratiopsis, one specis of Ofuspp-
ferly el eguisctoccous  stgms, and  the
Chirimiri Aora by (wa speace of Ganganop-
ferix, ihree species. of  Neeggerariopeis,
three s of Glassoperds and  gguise-
lpeeous stems [ Table 1)

The Barharbirl plont fossils have edrliee
begn reportcd from various Lower Cond-
Wl T locilities wach ax Gilid:ih ‘:ﬂ.ﬂ."j:ll‘.i
{Feistmantel, 1879 Muithy, 1%65-d, 19866h),
Cangrn Maly béd, Birsdnghpur Pali {Saksena,
1955, 1963, Maithy, 1968; Lele & Muaithy,
1969y, Chirioniri Coalfeld  (Biswas, 1955;
Canguly, 1935 Bouth karampury  Coul-
feld  (Kolkarns, 19, Jayanti  Coalfield
(Lele & Maithy, 1966; Lele & Mokuda,
19748, Avranga Coalfield (Srivastava, 19770
ete.  Becently Chaodry aod Surange (1979)
have recognised distinet Glosropferds specics
in the differcnt Lower Gondwana lormations
ol Tndis. .I‘LI.'ln'.'-I.Ili'lJI:I'!E to tham Aine ﬂ-]_'r:niu&
ol (ilesseppdeis manely L eseldes, @
avrgeesfer, O Fecierva, O pardnralo, 6 girif-
sy, O korferiveiensis, @5, zeifferd, @,

cogmergentis, G alecrricery and G deeniens
sy are  fypienl ool the  Karbarbari
Stu

Te foral  assemtlape from the coal-

begring Formations of Umaria, Bisinghpur
Puli, Anuppur and Chirdmin, in general,
s dominated by Neeggeraibeopals and Gan-
gomopierds,  Wlosiepderin in this pescniblag:
T J'n[-.l'u:q':lltl:'d h}' St IP\:L.".iﬂl, al 1-'|=|'i|ll'h
five spectes mamely €, halarbarienss,
coppmuanis, O amgste, G, decipions ond 6.
ceflleri pre common to these typical of the
Karharburl Swpe us listed by Chondra and
Surpnia. (1979}, We have not been able
o fimdd evem a wunple species of enther
Satrychiopsds Or  Buriedin.  These  palacos
bolwnical - obsérvalions  sugoest that  the
Coal-beuring. Formation in these parts of
the South Rewa Goodwanz Basin are egui-
vilent to the Karharbari " Stage” ol the
Pemnnsular Indis,
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TABLE 1-DISTRIBUTION OF PLANT FOSSILS IN THE AREAS

OF INVESTIGATION

LUMARIA

PaLI

AHUPPUR

CHIRIMIRAD

FORMATI|ON

BEARIMNG

COAL

TALCHIRE FORMATION

GANGAMOPTE RIS
G oyclopigroides

D cyclopleroiges var
attenuala

G. ma jar

B angusiifolia

& Warhorbor iansls

Eclarkanno
GLOSSORTERIS

G horhorborigngie

G cammunis

3 ongusia

3 deciplgnc

Gondieo

G zehilgs

&, 5o
HOEGGERATHIORPDIS

M his Lop

Mgpathuloia

Mmingr sp noy
WESTEBREARLA

Woindlea
EQUISETACEDUS STEM
ARBERLA

B surongel
GANGAMODPTE RS

G cyciopieroides

& intermedia

G elarkaonn

& mosor
MOEGGEBATHIDEGIL

BMoRimlope

Noeggerathicpsis Sg.

EQUISETACEQLS STEM
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STRATIGRAFHICAL STATUS

Rlpnford (1976} for the first Gime fecop-
nised the Karharbari * Stage " in the Giridih
Coalficld. This sfuge was characienzed by
the presence of Botrpcliopels walidem and
Burigdia sewordi und by 1he dominance of
Ganganopieris and Neggeerathingsis 1o dis:
tinguish it both (rom the anderdying Talchir
pnd the overlying Damuda. Because of
the dominance of Noegrerathiopis  and
Cempamopteris, the Karharbari was  be-
cepred ns the upper part of the Talchir Fuor-
mation ﬁFﬁa[mqqh‘!, 1879 Oldham, 1831
Wadla, 1957 ©On the oiher thi
discovery of a marine fessiliferous bed
(Siner, 1923} below the Coal-measures and
uncopformably overlying the Talchirs at
Umgriz was taken g3 an evidencs o plade
the Karharbaris ot the base of Dainuda
Croup (Fox, 1931; Paseoe, 19539 Krishnan,

hanil,

6l

The lithological fyvpes constituting the
Coal Messures in the South Rewy Gond-
wona Basin awre shales, carbonceous shales,
conl mmd sandsiones. 18 has been Tound
very difficuli to distinguish the Karharban
and Baraksr formations on the basis
of lithelogy., Recently Ghosh er of. {1964)
have sugpested the presemce of 1 Boulder
and/or @ <onglomerotic bed below  the
Barakars as a mgans of recogpising Lhe
H.nrhﬂ:urﬂ.‘- The Flr\."'k":lli'f‘ of a !.Il;|||:|||:|¢5
and/or conglomeratic bed below the Baraknr

B overy uncommon Feature and i1 i pot
generally possible 1o utilize this character
in recopeising the Karharhuric, A pebhly
sandstone bed has beon observed inoa few
peclions in the arcas of imestigation. The
Peds overlying his fope  were  naturally
thought to belong to the Borakar Stage.
Thest beds overlving the pebbly 2one are
normally represented by Thick massive 1imids
glone  of somettme  carbonacesus  shale.
We have, however, failed 1o find any mego-
fossil above Lhis pebbly sone. .

It is still dispuicd  whether, Karharbar
should be recopnized as 4 distinet formation
peologicilly, Noristicelly at least the plant
beiring Coal-Measures (so-milied Barokars)
of these areas of the South Rewa Londwana
Basin. wre equivalent to the Karharhore
Formation of the Peninsular Todia, These
biostratipraphical studies support the views
crpressed earlier by Biswis (1955}, Gangoly
clasg, Maithy (1%66H 1967, [9GE 1999
pnd others: The Karharbard fora is gquite
distinel from ihe tvpical HBarakar Aorg and
i closer o the known Taolchir Rork, On
the other tand, the hithology of the beds
hgving Karhatbari Aoch is similar to that
of the Horgknr Formption and i distisct
from that of the Talehir Formatian.  These
facts moke it opparentty clear that the
plunt similprities boiween Lwo  peological
hormons oo pol  secessarily  mean  the
Iilhnlugim[ similarities as well pod viee-
VETE,
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The Polaeobaoianior, BMUZYy: 168180, 19H3,

LITHOSTRATIGRAPHY AND STRUCTURE OF THE
HUTAR COALFIELD, PALAMAU DISTRICT, BIHAR

MAMOI SHUELA
Rizkal Satimi instilude of Palocobotany. 53 Universily Bood. Lockegw 226007 Imilin

ARSTRALCT

Yarlow traversss bave beer ake uldng the-@ifervnt mela wosd alream cougses foddy

i Lowwr Gondwinn sedimonls by The Hilas Conilliskd .

Matpils of |Hhalogy ol ke

individusl bed ase prcentad. A peoerdlbed successbion of fhe beids in Takhir, K-
farbid wmd Barskar Farmalieos, preseis o se cosifiell, tlﬂlli Bech workod oul i

lithslogs

deseripiion of varisus members aml farmoilnme s ghien

Recides, n general

idep of the sructure of 1he ufen s given, The Karhotharl Formotien Ray alen been
demarcaled (o this conllkeld For ke Nass im

Ee__Lhﬂurnf.r—lJ!bpnll‘p.llEIpphy, Hulat Conlbedd, XKptharbaol Formubion, Berakor

Foarmution, Lower Gondwann (Iadial.

s

s WA | FEgre) § ogEre e o il o sve - e wen

T A & we St s W o 5§ ffaw e o e

EA R B e S e e e ol e e -

A fer T § s e § Froww amefes, wepEas o aeer S o

INTRODLCTION

to 23°52" and longitude, 53°53% 1o

84"117") Tiex in E<W Irending Gond-
wang bell along Dumedor, Sope, Marmaidta
pnd Kool valleys, 1t I8 among those thiree
coalficlds of The Pulummo District which
have often been referred Yo ns the Palaman
eonliiclds or Koel Valley coalfields. The
Hutar Conliicld with an ares of about
200 sg km s situnted 20 km south of (he
Palfongan] Coalficld and 20 km west of
the Aurangs Coalficld (Map 1) 11 extends
from  the Ukpmnar Yilluge in cast (o
Mangra Pahar in wes! and Hutsr Village
in morth to Parro Village in Souih. The
Falchir, Karharbar, Borakar apd Mabha-
deva Tormations ore  exposed in ilds
e

THE Hulnr Coalfisld (lafitode, 23°484°

Hall { HER) numed this coallicld after the
willnge Hutir, He was the firsl who
studhed and mopped 0 systematically and
divided the sediments into Talchir Group,
Hurakar Group snd Mahodevs Serics o
aEending  onder, In  1EE6, Feistmanie]
reported the presence of Glossoprerds fillia,
G, demuilied, Dangamoplerly cyeloptirolder,
Frriebraria inoira and equisetnocous stems,
vidn, of, Phaflothecd (Th o this area. Qo
the basiz of this flore, he suppesied the
presence of Karhwrhar scdiments near She
narthern morgin of e conlfigld, Ta 1928,
Dunn remapped the ecalficld on modern
toposheels on o scale of 1:63, 360 and
sigpested semie modifications in ihe strati-

raphic  momencliure  adopled by Hall

PEE0Y) (sce Rievi, 1972, pp. 7. 16). Later,
Beodd (1971} remapped . this  coalficld
sine merinl photographs an & scule  of
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THE PALACOROTAMNIST
different bedy amd prepored deiniled sketches

; uf the wrea disturbed by fouls, He also gave
1] traverse-wise desoription of different series
i ES of rocks and reported breaks in deposition
x- of the Tulchir, Baraknr and Mahadeva
& - H Heried,
: o 1}
8 d E b GEOLUGY OF THE ARIA
£ 3 ;
5 i —f i Gondwina sediments in the Hutar Coal-
4% =l . Ficld (Map 2} Form o syneline (Text-Fe. 1) and
E E : E] ore wiarroonded o all sides by the Archeans.

The Talehir Formution redts non-conform-
dably over the Archenns, bul sometimes
fanbted comtocts have @lao been seen (of
western extremily of the coalfichd). The
talchir sediments ore sucéewdively gverlain
by the Karharbari Formation, A conglo-
merate al the base of KRarharbar sediments
marks 1he possible hlatus between the two
B Formations.  The Karharbar|-Harakor boun-

diry s mostly  Tasbied  eacepl in the
cost and porth-eastern parts of The eadl-
ficld, Mormal contacts nre marked by the
ridge forming habit of chocolite Brown to
red  ealour of the lower Harakar zand-
ptones.  Dhankutin,  Dha)  and - Ransimmd
hillocks mark this contnct in the eastern
and | north-poctl-eastern poart ol The
coalfield, The Barukar sandstone s
overlnin by massive red sandstone af the
Mihadewn Formution with an  angular
uncoHlormily.

Vs
I il:lm-r.u-
o] Barinie
At — [ ] i ks w

AN L EBE
FOERLL W
ThREHIE
FOana ATl

Texe-Fid, |

HARKRHERI FDRWATION

THAYERSES

The traverses wére undertanken nleng ten
different nalas and rfoed cuitings, It wis
Found Thot ne section in the fickl sxposes
all the beds. A pencralized referonce sec-
Lion, % therefore, compuabed from 3 main
[raverses fmken mlomg: (1) Deorin MNali,
(i Kol River, and (i) the Saphi Mala,
Along these troverses, the thickness of
beds and details of litholopy were nofcd,
Besides the main traverses, several other
pubsidiary tmverses were also undertokin
to study the lateral changes in the ligholog
of these beds and the structoral pafterm o
the basins.

Mariny Trerverse §— Deord Nl { Severie wieder)
—This nale shows 8 nesrly  complete
and best exposed succesion of 1he Karlar-
bari Formation, Gemeral sudcession  of
beds found in this nalo ks ps Follows;

LS TR TR
mank leEEE

THLCHM
ST T

ARCZHALAN
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FORMATION MEMAER
KARHARBARTD (1305 m) Cieily  sandslone  hdmnbar
[12404d )
mml Copgiomersie  Member
(IO m)
o B S e T g st b i s RO SR O,

TALCHIR (1875 mi Bhale Manbar (15 m)

Hoven | wnnduiome. conglometnie
Mumbicr {3°T5 m)

NOMOONTFORMITY
Sl prsloses: - granited

ARCHAEAN

Maln Trawerse I— Kael River {North
side) — This river passes from the cenlre
of the coalfield dividing it into twon pards
The eastern side of the coulfield exppaes
older sediments and &5 less disturbed by

ol | the
bl o |

FRSMATION MEMRER

Fermuglnons - samdslone
Membar (455 ml

Grlily  saisdstong  Member
CIFS mi

Conerpacl il sandsrome M ember
ES mj
ritly sacedstone &l omber (3im)

Busal eqonplomersies  Memiber

wtinka

BARAKAR (324 mi

KARHARUARI (37 m)

BROGIOSAL BREAK

Upper snmibsrone Member (9m)

Hhale Member (13 mi

Hadal sandsions songlemesiie
relemlser (5 m)

NONCONFORMITY

TALCHIR 027 m)

ARCHATAM

FE T T T ——

LITHOLOGY

Huﬁud thickness of gristy samdstong
ith parition of coal s ahake

Colearvous pebbly ssmlanone

IR TR i b b S s B

Mbyibmite focees dhowine ikals

with silisiens aliermntion

Coarse mmdeione pn motax of

m-ullummb: often ahowa paendo-
Mk (ki

tectonic potrvity,  The western side is muirk=
cd by the youngsr formations which are
i expoded along this river. Succession
teds

wlong  this river is piven

LITHOLOEY

{“parte sandsione with pactition af
:Ia!-'hir'nd ;h:ﬂ? st prbomioshus
mmatles alsss

Giritty sandstong with portition of
conl-shale bods

Compuet chosolal reld sandalons
with oecashonnl pebble lomses

driity sandéatons wih partithon of
coabshale

Pebaly cpnglomernte

PEmErEmEET A R R E g R Ay

e -

Gronde, Onetre and  Schids

Mein Troverve §— Bapli Noda [ Nortl wids)
= The mitla Aows in the weslern hall of 1le
emalfcld, The aren norih of this nala =
dominaied by lectoprenlly disturbed Korhar-
bari nnd Bamkar [ormations @mnd to
the soiih, the dominont rocks are masive

nals, culs ihrough the vounpest member of
the Barnkar Formalion and the Mahodeva
Formation, The sandstones 8 well-deve-
loped but the elay shole beds are generall

nal scen o5 they nre covered by recen! sands

browght by this nala. Therefore, these beds

ranclstone of the Mahadeva Formation, The were studied in the adjoining arei.
FORMATIHON MEMBER LITHOLOGY
BARARAR {156-5 i) Fertugimmas stivdslonewnd shabe

Member {185-3 m)

C'rrqne #:rﬂl_\' mﬂ!llﬂu 'lltﬁ |!r|ﬂi-
!

q-nn
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Besides, several other subsidiary traverses
were also taken to study the structure of the
coaliicld dud the exiénsion ol warobs
members {Table 1),

LITHOSTRATIGRAFMHY

Generaiived  Roference Section — A geng-
ralised succession of the beds in the Hutar
Conlfield computed on the basis of the
miin und subsidiary traverses is as follows:

Fomsaniinss Mesmeas

MAHADEVA gt rmhh-h' sl slone
Rl b

PR 11~ 11| [Tl n [ = 11 [TaT0) (1] e

PARARAR Ferripglaous siiduatone — s li
(102 m) Muon
Giricly aundsione Menibice
Compagted soodsiosy Mephor
EARHAREARD  Gridy sondstape Membset
{107 'm} Basel congloperade Momber
an e menis eeDrosonal gonbeet ool s s s wie
TALCHIR Uppes Hanuatons SMember
(37 ma) Ehale Memlsr
Bagal SAndslome conpbomerine
Memb=r
b eees s caee MoncTmlformilll - coan o is s
ARCHAEANS Girnnite, pressaes ond ajyie

MECHAEANS

The Archeans surrobnding the Hular
Coalficld belong to a serws of melpmorphis
rocks copnsisting of granile gncisses wilh
mici, hoamblende and Yuarie veins.  These
rocks are uniform in neture in this région,

In sonih of The Hular Coalheld the aren
15 covered by granite pneisses, troversed by
gquortz veins having general trend of E 15
N-W 15" 8 Some of these yeink e nE
bo 30 em thick, Towards morth-west, black
syniled ire present, While in the west of
the coalfield the area s coverod with
gnelsses, traversed by pepmatite and quarts
veind, And ps regirds the castern piarl of
the coalficld It hes prunile goeisses imyverssd
by dolerie dykes whoehmme bremding cast-wist.

TavroHoy FonMatioms

The Talehir Formation o the Hutar
ﬂc_ﬁ]ﬁﬂ'tﬂ Torns @ mear 1‘:.1-n1ih1.|4:h|.|i hand
surraunding the Karhorbart  Foration,

The Talchir sediments are seen lving non-
confarmably over the Archacan basement.
The favlted contact beiween the Taolchir

:ud.limn:ll_h and the Archacans i3 olso secn
dbocertiin ploces, Presence of spndsione-

THE P& LA ESRATAMIST

conglomerate  on  the border, intimate
pssecigtion of shale-siltastone and  varves
and presence of slump siructurce,  rpple
mberks  cross  beddipg, graded appeamnee
tri i) lomidng of wprves, and ok drnp
stones in the dhale can winily be explainad
By following  the depositionu]  model
envisiped by Bamerfer (19661 for Tulchir
ol the Runigany Coalticld,  Rigvi (1972] also
broddly agrecs with this mterpeetation,

Thie formution iv distivguishable by [hree
members  deseribed  belaw  in ascending
ofcler,  Each member has its own litho-
lopical chargctensiics. For  stratigriphio
classificution 1he scheme proposed by Ghosh
and At (975 has been Fallowed,

1. Baxal Nemelviine Congloserate Momber
— Thws member (PL I, fig, 3) Farms the
basal part of the Talchir Formation, It is
characterized by laleérs] wid verficgl varia-
tons from eonglemerate o sasdstone (PL 1,
ftg. 1), Towards the southern side of the
comlfield the houlder bed iz seen grading
into sandstone and shale. Some congho-
meribic lepses have aldo heen policed In
the sandstone.  Hoplders and pebbles form-
ing these bedds ranpe Between 1O <o Lo 1.0m
in sizge omd are subrounded B nature,
Strintians ure mrely sees o hoolders.
The grenife pneisses, vein-goprtz, smphis
bolile sehisl, pegmatite, quartxie nnd Jespar
form mast ol the pebbles and boolders.
They afe einbedded inn sandy mutns, The
sandstone  wvaries from  fing o medium
grialoed and 15 poory-sorted.  Inoa verticnd
section, they show pseudpstratification (PL 1,
fig. 1} in the conglomerate.

2 Shaly Member — This member overlics
the Basal sundsiope conglomeraic member
und shows two litholopiea] {acies o Fallows:

(i} Shale  focfes — It is composed of
in:l:ni!ih—yrll:m‘ ling-grained  shales which

renk inlo smull sphintery oeedic-like Trag-
menis,

() Blhvthorite fnder — 10 s représénted
by varves and shoale waliktone a1lEl'l1|!|l:iut'|lL
The varves (P11, fip. 2 are bestexposed m
the Saphi Mala near the Ukameoar Village
and in the Behra Maly pear the Pulvagarh
Village. They show an allernale armmge-
ment hetween darkgreen cluyey and light
grey silty lnyors 'ﬁlmc Iayers invariahly
exhibit  graded appearance  within  the
laminpe. The thickness of these lnyers
varies wverthcully. The wvaration i= more
frequent in the light coloured silty layers.
Laterally ns well as vertically the wirves
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procle iaton ghales.  Too the UTkammar orea
they are =een affected by reverse foulling
Ripple murks, current bedding, slump sirue-
ture, el (P20 figs |, 30 are als observed
m o Ahe sediments associpted  willh them.
The shales imimiediately averlyimg the varved
st drop-stanes,

As regards the shele siltstone aliemation
(P11, fig. 4) these beds are exposcd in the
Bréori Maln, Ukemnar ofen and the Behra
Mula exposures. The sty lnyors vary in
thicknest from 2 v 20 om wnd can be distin-
puished from the shales doe 1o differential
type of weulhering, massave appeonnge nod
codpact nalore, These bods are laterally
truceatle in the field for long distances,

o tl'iuprr Sorndsione Memiber — TUin coorse
pruined apd preen i colowr, 10 Tarms the
toprmost member of the Talchir Formalion.
It is copstifuled mostly of mamatare sub-
rounded gquarty ervins and rock Irgments,
This swidstone s overkiin by n conglo
meraic.

Koaktamnars FOmMaTions

The Karfinrbari Fermalion in the Hular
Coalfield |s secen overlying the Talchir
Formution willout auy discondance in dips,
bul [he beds of these iwo Formations are
sgparufed by a ped of conplomerate mark-
ing a possible himfus, This conplomernte
bed is noticeable in the Kogl Sedion, Deor
Malp Bection, ot the junctien of the Jamia-
piind Mals with ite trabutury in the Parro
Biver und west of the Chumne Villape in o
siream,  Some good sechiops of tThe Karkar-
bari Formution sre exposed in deeper nals
and  river culiings through ihe Boraker
monditonen. This formation  consistn  of
thick snecession of grfty ferrnpinons sond-
stones separpted. by thin coal-shale beds,

At the base of the Karhorberi Formation
conglomernte mdicates an erosional Towger
epnlact,  The rest of the sedimenls ame

redaminanily ST pod wneoried indiepts
ing the deposition in high enerpy envirsn-
ment, The intermediate portion of the
l|.'|_'|».a'.|.|-.'.['||1|-.; l"u.m.‘l'n- im!:in_—..|1|."|. i1 1.,;!.1.- mul'g!.'
crvitomment ol deposition by slow movin
currenis. The lower vontact ol shale :m&
voal bede 8 tPromailiono]l with Lhe redwlt
the velostits ol cufrenfs ﬂrm1|:|uEl:|.' slowed
down, while the wpper contact 15 abrupt
indicating = sudden. increase in -curreits
velodity,  Thiv lormation  comprises e
Tollpwing twe members,

THE PALARDEOTANIET

1. Baval  Conglomierate Mender — Tt 15
cxposed wf the top of the Tulchir Formation
and al e base of the Karhprhari Forma-
lan. The pebbles are mostly of gramile
gneiss, hornblonde-schist, nirca-schist, chld=
rile-rchint, guarizite, vein-guurts and epidia-
rites, whibch are def in o fine sindy mairix.
Eurlier, these conglomerates were classificd
plenwwith the Talchir boulder beds due to
the Dihologicn]l stmileribies.  In the presend
wirk, fowewer, it is (ke as e lasal anlt
of the Karharbari Formabion muicking the
end ol the Twichir snd beginping of the
leu"harbﬂri cyeles of sedimentation respec-
T A

1. Giritey Kndstwne Member — 11 consists
of two distingt types of sediments, vi,
sanditone and cosl-shule, Four coal-shale
beds have been observed in the Deori Nala
Sedtion, where the Karharban Formation is
bt exposed.

The sandadone = medium o Coarse
gratped and reddh brown i golour due
tiv high ferruginous contents, They pre
poorly sorted wnd monly  composed of
subtounded quartz and leldspar  prams.
Occasionully, the grains become larger in
sl and give gritty {o pebbly appeamne: Lo
these sandstones, Al places iron nodules
nfe ulen seen in the aandetone  Thess
nodhules are ofien wished by waler achion,
leaving belind  rounded cavitigs,  Fre-
quently, the sundstones are sirongly current
beddend with their Tominue shoping townnds
easl (M, 2 |'fj![. 4

The thin eoal heds present in the Karhar-
bari Formation show shorp confocts with
spndstony on the upper side, while the lower
conlacl is transitional passing through eoaly
shale-shale-sandy shale to sandsione. The
conl s dull, hard, compoet, pon-banded,
j:r!n:r:m]fz.-' of poor ganlity and :iurmn-lﬂ'lr
in gppearange.  Lonses ol vilrein ore ranc.
The shales pecirring near the sondstones
are rich In sandy material pnd show 1runsi-
ficnal contact with sandatones, whercas the
#haled presenl penr the doal-fenmi nre fich
in earbongceous malerial, The shales are
genernlly grey in coleur but due to variable
pereentuge of carbonaceous motler, They
whow various shades of black colour.

Mamawan FomssTios

The beds ovarfying the Karharbisn Forma-
Lion and underlying the Muhadeva Formie
tion in this arca hase been placed in the
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Barakur Formution. The upper contact
wilh the Mahadeva Formation s unconform-
able. These beds cam be divided info lower,
middle and upper wnits on the lithological
grounds, The middlc unit has alicrnafion
of coal-shale beds with compuet  gritty
l':rrnglrmun sifdstone. The uppsr unsd
consisds of cloy and shale beds alternating
with grilly lerruginous . sandsione. The
shales and sandstoncs of this horbeon are
ereenish tn selour, A Ihick sandstane bed
of  chopolote-brown  to red colowr with
osecasional conglomeratic Jenses which 12
the lower mos=l onil scparatcs Karharbar
und Barakur formmiions ol normal contacts,
However, in the Hular Coalfield the Korhor-
bari Formation  hes genemlly o foauhed
contact with the Bardkar Formalion.

Coarser ¢lastios of the Ramkar Farmalicn
are ol deposiled poder  high  energy
environmenl:  Bul the shale and clay beds
forming i partition in this sandsione mse
have been deposited in low energy environ=
ment.  This fransitions] contaet on both
upper and dower aides indicites o gradus]
decrease and then ineresse in currenis
velocity, This formition has the following
three members,

I, Ceovmpaet red  sppcfitone Member — (B
s a charactervistic member of this Tormaton
wod can be laken a5 muarker Bongon 1o
sepuriie the Bambar ind Karhorhar formmi=
tipns,  Bat due to bard and compact nature
of this member it stinds oul o the Torm
of 4 number of hillocks which muarks the
Karharbari-Barmkar  bowndary, 18 05 red
ta chotaolale biown, conrie j:[l'qlﬂl!d. mnad
poarly softed n onatore,  Oceasionally, the
lenses of conglomerate are also present,
The pebbles are mostly of gquarte The
member b5 sometimes about 100 m thick,

2. Oiritey sridsione Member — This mem-
ber s Enﬂpmill'd ol two destimct H.I!hn!u-j[i.r:!..
vie, gntty sandstone and cosl shale.  The
ﬂindllun{.' shale in coarse grained, containg
ferruginons matter and otcsionally becomes
gritty, The prains pre subrounded, Lenses
al 1:!-|,'rr'|E,1-|.|-|.'|:||:|‘z|-tu::I migile up al fmrmature
fquarty pehbles, are ala present. I i less
ferruginous thin the underiying Karharbari
sandstones, The iron nodules wre rare,
Al Tew places the carbompseous grits ure
ulso  present. which wie associated  with
shale beds.

In conl-shale bed the lower Barakar sedi-
micnth ol thit coallield iirs chorpeteriied |'.|:|.I
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thick and frequent ¢oal seams.  The coal =
generully shaly and dull in nafure. The
coal sepms show gradalicnnl contact with
samlstones passing through shale and sandy
shale beds, Semetimes thin strenks  of
coaly malter are aleo seen in Lhe sandsfones
masoeiated with these heds,

3. Ferrugineis sendetone-shale Member —
Tt comsids of iwo Ivpes ol lilhologies, viz,
the sendstomes nmd clay=shale beds. The
sonsdstones are pritty W pebbly fermgimous
opnd  mostly constituted of poorly sorted
fmmistuTe quartz grains.  In exiremes wesl
near the Bamkor-Muhadevs contact, these
pindstones show 4 typical greenish-black
colonr, The sandstanes, in genernil, haye
tgndeney 1o become more pebbly near the
tap.

F'Il'hl.- vone of clay and shale beds shows
near ahsence of carbonaceous matler, The
shulek -are fine pruned mpd show yafious
shodes of green and red colours; the clays
pre masive and pon-laminated tvpe and
yellow in  colowr, Oecasiomally, their
surfoce &5 stwined wilh iron stams. The
significant leature of these shales and cluy
beds I8 their similarity witly the Talchie
shiles. This type of Dithology 5 not
common in the Barakar Fermuation of other
WTeas.

Marrapiva Forsamios

It is represenied by o thick massive sand-
alone which dips 10° to 127 in 5 25"W and
overlies the Barakor Formation witl marked
pngular  wnconformity,. The hills formed
by these sandslones have stecp. escurpinenl
willi uneven fop, The sandstones are feld-
spathic wt e base with an occasional thin
bed of red ferrugineus shale.  The extension
of warions members in Hutzr Coalfield is
given in Table |,

DEMARCATION OF KARFLARBARI
FORMATION

Previeus workers like Fox (1934), Ghosh
ef ol (1964}, Maithy (19693, Bharadwad
I:'I!;l':'d-'h-':l. elz. have quEn-:l:d the presence
af the Karhorbari Farmution in the Hutar
Coalfield on the bosis of some pland
remaing . described by Feistmantel [ IHS6),
Howeser, Meld workers ke Ball [(1830),
Dunn {1928F and Riev: (1973 Tailed 1o
demarcate Uhis Tormation in thes coalfield
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on the basis of lithological eriterin,  In the
present wirrk this I"nrm.uﬂnn 1 d:mnrl:ﬂ.h;d
a8 & Iitheslogical wnait for The fird time in the
Hutar Coallield. As s evident from the
lithological deseription f’““ in previous

grs, the btholoegy of the Karharbari
ormution and the lower portim of the
n'l-'i:l[j'll'lg HBarakor Fosmelion s more or
less same. T.I':-r.' |1-nl3.l dll'l'ererlLe which i%
conspicuously visible, i in the contaet of
the conl beds with gritty sandstone, The
Karharbari conl heds show o gradutions|
lithology near lower contiect passing throwgh
couly shale—shinle 5:'.|r||r.f'r' ahale- 1|:|'nr.'|:.1r||1|:
while the upper contae! ‘with sandstone i
abrupl. The Barukar coal beds show grada-
tional lithology both  neir  upper  and
lower confacts,  Those two ety ol Bede are
weparated by o compnot red sandslene with
afcasianal  lenses 1.:-[ :!;mpancru[:;'. T'hll.
agndstone i devaid of any  erhomacemis
facies and has 4 ridpe forming habit,  These
ridges (Dhankotia Pabar, Dhoj Pakar, Rani-
mil Palir, elo) can easily be traeed in the
field. Therefore, the comppel el sand-
stone hat been taken here o2 the morker
harizon to  demarcate the Karharhar
Formation from the Barnkar Formation.
Boundary ol the Bamkir Fermation
fowards the southern slde 45 marked by
two  hig foulis. They sttt lrom near
Binds and extend wp to Morwai Ealan
where 1hey join to Torm the boumdary Gl
Towards acorth a fault pear Tiharo and the
Dhankutia and Dhaj hillocks mark 1he
upper limit of the Karharkari Formation.
The lower boundary of the Kuarhirhari
Farmafion coincides with the loveer limet
of the Barakar Group of Rizmvi (1972,
H&F limit is morked by u conglemernte

STRUCTURE OF THE AREA

The Gondwana sediments in the Hutar
Coalfield wre folded, Torming o svocline
with s axiv tonding cast-west in the western
portion  snd  aortheast-southwest i the
castern porfion of the area. The eastern
hall of the coalfield s charscterized by
hillocks of the Lower Barakar sandstones
wied this urep i comparatively les pfected
by the strociural disturbonces. On  the
contrary the westers hall §s structurally
more disturbed and &5 affected by many
fuults, Some of these faults extending up
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o the epstern porilon of the coalficld are
of regional importance,

The general dip of the beds exposed in
the oo Mol and Koel River sections
prd bBelonging to the northern limb of the
svncling i1 4-12 degrees due south-east
The dip direction of the beds exposcd in
the wesl of ithe Kool River hecomes -=aulh,
On the aofher  hand  wath  Lheé  same
dip, the inclination of these beds, :".!rm.'hal:i
in Deori Mala section and belongin
the sputhern limb of The skid *s*fnt'luc
is porth=west,  Dlithmilely, Che dircction of
fhe dip af the beds i::l,rlnﬂﬂ:l m The Jomia-

fi pnd Saphi orivers (west of the Koel
Euw:r} betomes north, The avorge dip
of the Lower Gomdwann Formuation and
Mahidevd Formation s 4%7° and 10%-12°
respectively (high dips up te 307 have been
messured occasionallyl

In wddition tn the knoown fauls (Ball,
[RE0; Rined, 19720 the nuthor has observed
i ﬁ."w' mors Taults which are marked by
nxterivk (*) in the texl.

1. Eavtwest or Northeasi=Sousfivest  freml-

i fardia

Ao Two major faults are #eep (o the
Satbahni River. They extend up to Murwai
Kalin where they join together 1o form
the bpundary fmult. Towards west, they
are trocemble in theé Koel and Saphi river
sectlons; one of these cxtends to the Rinds
YVilloge and  moark the Karharbari-Bomkasr
boundary. on the soothern side of the feld
They are nlso responsible [or the reduced
Ihlv.':i.m:.'-ﬁ of the Barakir sediments in sputh
ol the Mohadeva Formation.

B In the south of the Tiharo Willsge
pnother faull trending neorly epst-wesi is
seen  which, alongwith the THunnkutm and
Dhai hillocks, morks  the Kaerharbari-
Barakar boundary on northern side of the
coaliteld. :

C The  thind  cust-west  trending  Tault
cutting the Saphi River ond Burenda Mala
takesn u northern frend and ends in the
second Faull.

[ MNarth-western matgin of the coal-
field 18 marked by o faukt trending norih=
eist soubl-west.  TEis most prominent along
1JI-_|..: eseprprent of the Mahadeva Forma-
tiom.

E. Besides, severnl other smaller faults
of 1his system nre: (1) east-west trending
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fuult wfecting the Talelor sedimenis near
the Barwadih Village in the Deori Mala;
(*ii} north-east—soull-west trending fuult
pifecting the Karberburl sandstone,  south
of . the Beori-0horasunm eonflucnce !
(iti) fault affecting fhe Karlurehar sand-
#lone, north ol the Deori-Kella eonfllusnee:
(i¥) ewst-west (rending faull resulling in
repetition of the Talchir scdiments in the
ERoel River; (v) smaller fewlts, west ol e
Kocl River, marking the Talehir-Archacan
conlael; (vi) aorth-cost-south-west  trend-
ing fault near the Binda Village marking
the Talchir-Archican contgct wnd ending
on the first faclt of Uis system; (vil] north-
caat=sol li-west Lending Golt paoning elong
the axts of busin notreed m Kol River wlfee-
ing the Rarnkor sedimonts: and (i) north-
easi-south-wiest trending fault staning from
the Maohadeve Formation and ending on
third Fault of this system offecting the
Barakar scdimenis,

The shove foulits gre morked h_'r nilicifiva-
tiom o smmncdstong, change ol dips and wailer
peepapes seem in different nala sections
through which they pass,

2. Mesrih-wiaile dreviden pitind @l Pl

*A. A mijor Toult of thiys syetem Funs
neatly along the Koel River, The move-
ment alopg this Guelt has resalied i the
difference o stikeé of the Dhankutia
wnd Dun hillocks, -simnted on both the
sides of the Faull, Smaller sympathetic
fuul.[l. formed o o reilt of thig muj'ﬂl"
faoll, mre seen pifecting the third conl-shiple
bed in the Kol River section. The arem
west of this mujor full i the upthrow
g, amd The wees towards cast is the down
throw side; thes the Upper Barakar sedi-
menls on The westh €ome 'il'l!l..'”:,l' i eoin Linst
with the Lower Batkar sandstome in 1he
eost of this fault. .

B. Apother faull of this systein 5 seen
Lo cut gorpss the Snthahni Mala wnd o small,

m

un-naned pala-trikutary of the Koel River,
It is muxked by abrupt change of dips and
silicification of sgndstone ol oth the places,

oA fow fuulls of smaller magnitude In
the noerthérn frEnE.:-.-.. ol the Aekd shew w
norih=mort h-wisi @ gent hesnuth-east frend and
affect the Talchir and Karharbari formi-
Ligins,

Tremdy ol dykes g thedr eeluaffonsiip witl
Swwdty — Only two dykes haive becn seen (o
the codlficld afféecting poly  the Talohir
Formatios.  The st dyvke &5 ceon trending
8 6 -E-MN 607 Win Lhe Deori Mala Section;
the secord dvke with similar trend is scen
ncilh of Lhe 'fllmm. The dyvke is disturbed
by @ ol fewll cremding  Morib-nerth-east-
sl h-sout h-wiest

In general the following eonclusions are

‘surmised on the bBasis of these Taults,

|. Foulting twok place st least in two
phases —{ 1} casi-west rending faukis coming
first, wod (i} the oblique Taoltscoming later;
ag the obligue [ults: wre nol seen o dul
aoross e east-west frending faults,

2. Faulting 15 post-Barakar as 01 allecty
The Barakar scfiments.:

3. Fnulting is silsn post-intrusive s lhe
Uyke s affected by these fales,

4, Most of the Taulte of the Hutar Coal-
ficld nre of normal pravity tvpe with their

ane of Inclingtion ketwezn 707 and veriical.
loweyer, some strike ship faull gre also
seen, cop. Uhe Tault aMecting the Karherbari
Formation in the Koel River.
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STUDIES ON THE TRANSFUSION CELLS IN FE'II'R'EF'FI ED
LEAVES OF PTILOPHYLLITM AND NIPANIOPHYLLUM
FROM THE RAJMAHAL HILLS, INDIA

B D, SHARMA
Peepurtnsent of Batuny, University of Jodhpur, Jodhpsie 343000, Lodia

ABSTRACT

Trunelasion celln have heen recaridg ||-'|1|-|q|_h¢.'l.-¢: il Pl _|.-|'|[urn nmil Hmr"-'lll.ﬂa-"'fm
In ihe fosmer the trmlusion cells are found in clese nasocinlion with the vasoaloc ele-
menls, while in the laiter they surrounsd the bandle shenth, The relathinship @
discussid with the plunfs pomessing alllal tepe ol graspenent of tmomifuslon eelle

Keg=wordy — Pritophiiem, Npowiopipius, Trandusion celbs, Rajmahal Fiilbs, Incia.
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INTRODUCTION

DESCEIFTION

THE Lransfuston tssae includes Uhree
types ol wells, e, translusion
tracheids, transfusion  parenchyimo
and the albuminons cells. The translusion
cells oecor Invariably in all gymnosperms
{Esau, 19650, In recent vears a number of
papers hive ben published on 1he structare
and distribution of these cells an the stems
of eycads (Grepuss, 1960} and conifer leaves
(Ghouse, 1973, 1974: Ghouse & Yunus,
1974, 1975, Kaushik, 1976; Kaushik &
Bhatincharyve, 1977  In fossil material the
iifferentiation belween transfusion paren-
chymo and albummous cells = difficult,
However, transfesion tracheids ond  the
FRTD!]EI‘I]."!TIE conld be recognized well m the
osstl leaves,

Prifophpllid and  Nipawiopkyflon  lzaves
eollected respecliviely from - Amarjoln and
Mipania in the Rajmohal Hills, Bikar. The
materipl of the former i w0t and fgile,
thus was boiled in canada balsam prior o
seglioning wilh a wire band saw,

18l

il — Serial sections were pre-
pored in transverse as well ai longidudingl
planes through the peticles and rachises.
A momber of collateral. conjoint  and
endarch bundles pre seén arfanged inoa
double “U-shaped mannies (Shorma, 19675
Both xylem as well as phioem aro well-
developed (PL 1, g 1), Xylem elements
of the bundles of two rows face each ather.
Sclerptic cells ‘ore present in the inner
portion of Che cortex and adpacen! o the
philcem of the ouler row of bundles (PL 1,
fig. 3} These ure arranged more or less
in rows  The tmnsfusion cells are present
in between the Iwo rings of bundies as well
a% on the leteral and outer sides of the
bundles in clase asspciation with the
vabcular clements (PL 1, figs 1, 3. The
transfusion fracheids are poarrow, clongate,
blunt end wall cells mostly hoving uniserinte
bordered pits {PL 1, e, 4, They ocoar in
between the bundles: apd opn the outer

Fr.n’u,pul'r
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periphery of the phloem (Pl 1, hg. 3), The
cells of transfusion parenchymo are large,
reclianpular and have scalariform thicken-
ings (PL 1, Ag. 4) or 2-3 serigle, opposite,
stmple pits (PL 1, fig. 2}, They occur in
bitweon twa rings of the hendlei.
Nipantoplyflem — This leaf was cul in
different plames, 1t is a simple leaf with
distinet madrib from which the laternl veins
arise at right angles and divide ot all fevels.
The midrib possesses 5-11, or so, diploaylic
bundles arranged in 4 snucer-shaped manner
(Pl 1, fig. 5. Each bundle possesses ane
cell thick, sclerenchyma sheath, The trans-
Masion cells surround the sheath (PL 1,
figs 5=T), The trapsfusion tracheids occapy
lnteral anmd abaxial sides of the bBundles,
while the transfusion purenchyma Torms &
well-developed zone on the adaxinl side
The lormer are thick-walled cells with 2-3
rows of bordered pits om the lateral walls,
while the lstter arc rectanguler cclls’ with
simple piks. The transfusion cells are diz-
timct and different from the cells of the
bundle sheath which are typical scleren-
chyma with uniseriate bordered pits,

DISCUSSION

Kaushik and Bhattacharya (19771 grouped
conifers and taxads into dilferent types on
the basis of distribution of transiuson el
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Pinwcene in the ahsence of distinet bundle
sheath ond in hoving fransfusion cells oll
nround the bundle and closely nssociated
with the wvascolar elements. The trans-
fusion fracheids are present on the lateral
e of The bundlez, while e parenchymn
occur on the abaxial’sdoxinl sides of the
vasculpr elements,

In Nipamfopdeliom the transfusion celis
occur outside the bundle sheath,  Worsdell
“lil'-ﬂ] uumﬂlcd: the term "url;:.ld-ur:. Lrains-
fusion fissue” Tor such tvpes of cells whith
pre found in esends and members of Podo-
carpeceae. However, Nipamiaphn lhem differs
from them in detail. In the presence of
transfusion trachelds in between the bundles
prd o gl‘:fﬂ-iln-n of the parenchyma on the
pdaxial side, the presenl leal shows ressm-
blances with the members of Aroucarinceae
(Kaushik & Bhatiacharva, 1977). Rao
(1943 alse suspected the presence of trans-
Tusion iracheids in the leal of Twenfoprerds

ailerder Uﬂ!-H on fennmed as ﬁ'i;ml'u-
plvllame poed Snhni, 1948), hat eould net
decide whether the pitted trucheid-like cells
were of the surrounding sclersnchymuotonss
bundle shenth or are really transfusion
cells,  The present investigation confirms the
exact npture of these celle,

Further studies on the tmnsfusion cells
in the petrified fossil plants might prove
helpful in  better understanding of their

in their leaves, The stedicd leaves of  taxonomy  aod  relotionship  with  allied
FPrilephylhom  revemble  the needles of  groups of plants,
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EXFLAMATION OF FLATE

b Prifeplplion: €5 Petiole, bundks of twa rows 4, Same. LS. Tramsfusion trachelds and the paren-
il the pssoceaied tramsfusion cells, = 1 XE iW-I g5, :
Lo Same. LS. Traodimion por fid with T 8 Adpaeioplylime. II"_E. Leal :I'.::nwina diploplie
oppasie rows of sinaple pits, = 44, Bugidles nnd associaled ramsfison celle < 24,

3. Same. C5 Quler part of phloem with ago- &, 7, Same,  C5  Bundles m showing  the
iilri;ll'rrlnd'u:uul irschelds and sclicotic oalls, !-I.;’l'i.rl-lrhd-l tramfusion ir and fhe pardn-
ks chynag, © 120,
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UPPER PALAEOZOIC FLORA OF KASHMIR HIMALAYA
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ARSTRACT

ThHe papr deals wiih ploit Fesels collasteld ram (he Lf11l|;|::“ Milienzsde rocks
off Kashmdr Himalpsa moging b opge frov Upper Devonian o piat  The disri-
biarean W plamas, s Tar coSecisl b e variois Iurrutluuz I ars Fanlliowin;

Aitshmigean Foempfon { Lages Slevomions— Y Taemils ap. gmal T Pradalapiilelmiron

.

Sevimpotfrrds Limiestore o Févteaiedln Suile fermipiions [Lower Cirpdueeiferong —
Arvlcdy el sldwte Lejal, Lmﬁ]‘l‘l‘rﬁ"ﬁ.ﬁ!‘iﬂ el Euhﬂu Dimnmb Cosrdim,
Leplducderctropaiy gl. Ip'ﬂn'm'ﬂn.u {Gsthan ) Jongroa s, . fermeareiin Jio s,
Crcinstdpa of, s.u'.l'.':ln.r I‘}SIeIulhl.nﬂ.L Jonpmans, Msaciperiy i [ MoCyy)
Wolkom, Treiphvellpweeds Tawriom {Mank | Jongmannis,  Mheeksa of swbperio.
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b the Lipper Bevoainn the plant [ossils are catremely mreand vory badly preservid,
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lilnge desenbed from Pera sl 15 guikeral qtﬂmr'ﬁl!h The desl ol ihe Lower Carlarnds
Tecais oras edewn Tronee ot he graers ol (0 wisald,  The Permdn Meca i g istingt
alemyanty, ane prasent in the Micshathagh Formalinnamd Cheother inthe Mamal Farmation:
The foemel s donmpied by Hhe presence ol Carpeetiapieris, wheredy, the latier ks glgrmls
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and Bajehip whibch i ie typeally Cathapemn slemerds, G amee 0F Lhe species of (Flur arlE,
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Crondwann of the Pemnaslar Tradlic
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Lk
wrmir Frmmen i e prrii aaeTfyaE < wre B T R T 0w A il

Tt w2 nrvdre frarn E 3fy Fe & e o e i poET s e e
T e weern @ wsleg §0 fGfes SremEn & ool mw ool e o e
Feam £
T WmE (et Pt | = P ot are o aviRETE e
wefrieEe wwen oF danimae ders (weufe erdd ) —erdedtrheden s
Fv, Afpifafaafem o gardm st fedgifes, Sfohbyifar o gam
fefuarr (FaE) g, S GARE @er, AnettEen e ey are
thien (Frpis | e, bt i (dwin) arers, grefveretor destomn
i) witnd=r, on e seE o saidEeTET (R T oE et
e FATATE Tewer i
L



18

Fwpm Wl s AR

{warfy o) - (4

THE PALAEOROTANIST

frerramy  sherryg — omEhE TER

sy e, wiaeE T AT v, it el ae Wie oW AE-

WTETH Wa|

(=) W dW-age — ST AT ST S (e s,

grrErgfa o Ty vy, st of FREdEE g, T STeEtEE e we, ek
WL TR grEefyden mrpsedet ', i ame sATE wle SwrfEw WA, Wi AT FATIA
e (oo, s=rfe ap: smwim SfaeidEiie ayEdRE, Wi e
WisfiuT, #ie o, Farremrfes avo, Frspfiigeay gderd | Tk | sy, wfe ok (o)

HIRIT M 0% WE-EW W

e Fears iy s farer gt e o st

T WrAET T AT e g

afn Ay A FereEt Ter T F oseT w8 frf oo wreT aeeTira i
AT el WO R 0 T ST O Ty § R T e S A e
T Ay ARy ® frwser 0 owe AmE et Yo B el B, aele e 6 s
Fow o angeaT &9 YR WAt aTaw 8 € wrarfod - fdearfon of wofpo o s

#5m aw - fewew g

wint ey # gu wifvw S TEEEE WO ¥ oE ST

wifatesy IRIETw A oy st & e v g £

INTRODUCTION
N the Himolaya, Kashmir region
cxposes one of the besi  devoloped

Palavorcic sequances. Palacobotanically
this sequence s well known since long
as M conlming the Permian plnt fossil
bearing strata sandwitched between marine
fossiliferous sequence, These Permian plint
teuring horizons have been variously named
25 Lower Gondwana Bed, Gangimopiers
HBad or Perminn Gondwana in the geo-
logical litgrature, Recent discovery by Pal
yﬂ and Pal and Chaloner (1979 of plant

ring beds from the Lower Carboniferous
sequence of Kashmir region has gpencd
g pew feld of palaecbolanical stody
invelving Carbonifersus or Pre-Gondwuna
flora 10 Kashmir. The earfier know-
ledge of Pre-Gondwang  fora in  [ndian
subcontinent was negligible and resiricied
to Bpiti 1 Himachal esh (Gothan &
Sahni, 1937; Hieg, Bose & Shukk, 1957;
Dhar, Ram & Rao, 1980}

The investigation by Pal (1978) was
restricted to o single horizon inthe Fenestelln
Shale Formation {Lower  Carbonilcrous),
Bince then sevéral new plant bearmg hori-
tons in Amhmugnm Fonmation fU
Devonian), Syringothyris Limestone m
miation {Lower Et‘buﬁifﬂ!‘nui-], and the
upper patt of Fenestelln Shole Formation
(Lower Carboniferous), have come to light
in the Upper Pulaeorsic rotcession of
Liddar Valiey, KEashmir,

An pttempt has  heen made here to
delineate the different plant beuring honizons
developed in the Upper Palieozoic sequence
of Kashmir Himalaya, Besides, o sysie-
matic gecount of their Aoral contents has
alady baen EI"‘!“- I nll, six hocizans (Tabkle
[} have been recogmised at distinet strati-
graphic bevels, out of which four show the
presence of Pre-Gondwana o Devonian-
Carboniferous flora and twe Permian fora,
The latter are somewhat similar o the
Lawer Gondwana flora of Peminsular India,
However, within the Permian the upper
horizon has  dlso elements of Morthern
Hemisphere,. The oldest  plant  bearin
hovizgn, e, kengon oo, |, represcnts
Member of the Ashmogam Foarmaticn
(Upper Devonian); horizen no, 2 is deve-
loped In the basal part of C Member of
Syringothyris Limestone (Tournasian: Lower
Curboniferous); horicon no, 1 represents
A Member of the Fengstelly Shele Forma-
tion {Lower Carboniferous); horizon no, 4
represonts C Member of the  Fenestella
Shale Formation (Lower Carboniferous);
horizon mo. 5 represents the MNishathagh
Formation (Lower Permian); and henzon
no. 6 represents the Mamal Formation
{Lower Perminn).

Within these six horgons, five plant fossl
issemblages have been recognized, in which
iwo horizons have similar  assembbiges,
Amemblage | i supposed to be of Upper
Devontan age, assemblages 2 and 3 from
A ond © members of Feacstelln Shale dre
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TABLE 1 —LUPPER PALAEOEIC SUCCESSION TN KASHMIR SHOWING PLANT
BEARING HORIZCNS

Atk E-TH..l.'I'IEII.l.IHI-E' Linrm Slais Loy
Fmﬂulnn Member
LIFPER (] Clalenpancis sanidstone willy bamds ol Timejone,

C Arpnncomis amd calearsows amndz,

ZEW AN ——
B Lirnestone shile Inteecalation.
- -_.ll'— Blissive emesiaond with chale pafiings,
MTAN SEEE R
I ol o H-u'ﬂ.:uillu, IImEI!l:mn. juffnceous - skiile,
h | .' ,-,rh-i.n.h.-l.n.l.; i |'l| ! earbpnacesus shole, porple and pinkich
ruh: wﬂh :rrr-mr-z
PANIAL YOLOAMNIC anlr hnu: mclwhnull and  anadesitic
LIMWER hIE.i." and & few intermedipie nd n:ldl:'
Frrd HIE‘!I-H.T!.{ { ”j Mkack -III:.ILFILI.II:. lillﬂn:ﬂ.l: pnd bands al
0 T u'.ﬁq'.f arefiite.

I3 Ach colowr mfTecegae shale withh voleanic
bambe lapillog, ete  Closts rare.

Maminanily quartz-aeenite with lasticalar
comslomerated and chasrs,

AGGHLOMERATIC

UPPFER SLATE B Thomimanily whale nod slffors with abun-
tie of clasis.
CARBO. A Diaminantly guarkecitenlie with leaticialar
HH;ER wonglomenate apd clasis,
| Chormi il l]l'lﬂlvlillllﬂnl! wiailh bamsls ol
QUArLE urenife,
FENE- J e Dombnunt fir aremile wiith bands of
STELLA Iﬁ I shale and siflsione
SHALE
! Daminant shobefsillstone with bunds  oF
Eremite.
NN, J' j[ ) . B
1A Digminanl guariz-arenife with ivercalation
O shizle sAtss0eE,
LOWER H a3 IJI:I!I.L’LIEIJIH :lhq.lr,":illnl.nu:_l'm!l: Jnhp'n:l.n-
AYRIRNGOTHYRIE
LIMESTONE i ] Mozave amd thickly beddsd lmestone.
M Limesione gnd arends.
R )' x :
DEY- LUFFER AIFHMUGAM (/B Yellowish-gresn silistong-shale il lnnls
AN of guarte-prentie.
A Quearie-arenie with g st of biscly
sirstane,
‘l-'l'lir'-I'I'I'QUﬁII:'ITTFE Wlilky wialic nrkh}ﬂt;hrltrlc

H .-' (! tndicale rﬂum hurlng horizon
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similar and are of Lower Carbonilersus
ape. ‘Assemblages 4 and 5 are af Lower
Permuin age (Text-fig, 1k

STRATIGRAMTY OF THE UFMER
PAEAECGEDMC ROCKS

The Upper Pilugozoic  sequence  in
Kashmir it represented by severnl form-
tions, namely Abhmugum, Syringothyris
Limestong, Fenestells Shale, Apgglomeratic
Slate, Mishatbagh, Panjal Yelcame, Mamal
and Zewan in pscending order of succession
The Mulh Quortente Formation, which
andedies the Aishmugam Formation, Forms
i datumi ling in the Palicosoic sequentcs
and represents a distinet Mhounit; as such
all the post-Muth sequences are indluded
in the Upper Pulacozsic and sequences up
fo Muth in the Lower Palieozoic. The
details of all the plant besring horfeons
developed  within  the Upper  Palaeozoic
succesion are given in Table 1.

AlRHsMuoa s Forsarios

Recently o distinel mappable lithounit
by been delincated belween orthoquartzile
sequence of Muth Quartzite Formation
and & caleareous-argilliceous-arenaceons
sequence of Syringothyris Limestone which
has boen desiguated s Adshmuogam For-
mation by Kumor, Singh and Srivastave
(19500 This unit was carlier grooped hy
Middlemiss (1900} within hkis Muth Quart-
wite Unit.

Aishmugam Formation has been divided
here into two monbers— A and- B A
Member is represented by varlegated quartz-
arenite with blotchy siltstone, whereas, R
Member consists of light yellowish and

recnish siltstone with thenly do thackly

ded  intercikations . of  gquartd-arenite.
The light coloured siltstone (I8 Member]
has yielded plant fossils at Kotsa Hill, Diuth
dpur and the Spur near Ayun and represents
the oldest plant bearing herizon known
s far in Kashmir, B Member 15 widely
distributed  In  Liddar Yalley area, Mo
marine fuuna has been rtpupl:'tﬂi £ ] far {rom
Adshmugam Formation, The collectian of
fossil plints has been made mainly from
Kotsy Hill and Duth Spur,

THE PALABCHOTANIST

SYRINGOTHVRIS LIMGEToNE FORMATION

On the busis of demmant lithology and
sedimentary scquence this formation s
divisible into three distipol members — A,
Boamd

A Member — 1 consists mainly of wrena-
ceous limestone which i hard and compact
with partings of shale and intercalations
of quurtz-arenite.  Thus this unit cssentmlly
shows @ mised Gedes of arepadeous and
calcarcous sediments. The marine fossils
are gecssionally seen in the limestones and
comprise bmt.'l?llim:ml shells and crinoidal
frugments.  Amongst the brachiopods, most
common  gener  are  Rhvackoreils  and
Choreetes,  Possibly Trom (hiv umil Savage
(1976) wnd Towart, Shrivartuvn and Gupla
{10781 huve desenibed the conodont of
Tourmasian age.,

& Member — It comprises mainly thickly
bedded, hard, compacl grey to black lime-
stone. The lower part is massive while
the upper port s thickly bedded, The
limestone is bhrown on weathersd surfoces
and grey on fresh surfaces.  This member
forms the most distinctive wnit of Symingi-
thyris Limestone Formation and has The
riched aswemblage of marine lassils. The
u:is.l:mb]u!c T d':;lrm:na.l.-:d H_l,' brMhiﬂpﬂdl
amongst which the productids are most
common, followed by Choneres and rhyn-
chonellids; and differs from the underlying
A Mimber its richness b fossls more
sp becipase of the abundance of produoctids,

O Mesther — Intercalofions of Hmestone,
arcmife anl  shale-siHstone: sequence are
charmeteristics of this member,  Boundary
between B and C Members is demarcated
by The first urru:amnu of dark cirbopsceous
shile and siltstone.  The membscr i3 further
divisible into  foor seb-gnits; (i) — The
bumil 35 mosequence 8 choraclerized by
dominant limestone with intercalutions of
bluck “shale, siltsione and arenite. Here,
as compared o B Member the fauma is
rrv.‘mrl:r' represcnicd, Ej.pu:inu_l,' the prm]uutidl
are mre, corml wnd  crnoed  afe more
common alongwith [ragmentary plant  re-
mains, This {s further Tellowed by o sill
of basiwe rock (33 m) (i) —This sill
or basie rock is followed by a 50 m thick
Ic?ucnl:r.' of dominant aremile with infter-
culations of siltitoae, shalez and lmestone
In this wnit mudne life 5 obsent and plant
Fossils wre abundant at the bast and pear
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the Lop and on the whole the eotive segquence
is plant bearing. This is the second plant

ng honzon which & developed in the
eotire  Liddar Valley area, bul the fozsils
pre more common al Kolsy Hill, Goakhan
gali and lehhnar  Spur. (i) —This b
represented by a 35 m thick limedone se-
quence with partings ol shale. The lime-
sloneé  conlams  otcasiomil  remoins  of
lj:ru.minpuds and corais. (ivj— Il coa-
sists ol 2330 m thick shule dominsted
s2quence with mtercalationas of limestane
and arenile. The limestone bands  nre
fossliferons in which cornls are common
wilh 4 Few beacliopods and erinoids,

Frspsriits SHaLe FonsaTion

This  formation conformably  averlies
the Syringothyriz Limzstone Formation and
bos a seguence of quartz-aremite and shile
alternations, BRecently, Kumar, Singh and
Srivastava (1980} have subdivided it into
four members namely A, B, C and D
which have been dealt below separately,
Middlemiss (1910 recognized o Passage
Bed betwoen Syringothyris Limestone and
Fenosiella Shale -I.h!_'.\m[l:l‘l:iinE o Soquance ol
quirtzite and shale. However, ke grouaped
this Passape Bed with Fenestelln Shale as
lithelogically it resembled the latter more
than the underlying formation,  Pal (1975)
reported norich foml assemblage from this
Pﬂ_uup: Hed at Chund oncar Banthal and
assigned an indepondent formationnl status,
i the Gund Formation, This fermation
was instituled becawse of complete absence
of marine fauna and presence ol profuse

bant fossils, Kumar, Singh and Srivastava
JH{J] have mdicsited  that  srmilar |'||.u.n.l
beiwring horivon  agnim  rewppesrs in the
upper port of Fenestelba Shale,  As such,
there are  Two guartEarenibe  domimant
sequences, Le. Aand C Membars with plant
Fossils and two argillite dommant segquences,
namely Bund D with maring (ossils, theeehy
inclbciling  Two  iransgressive sind Two re-
gressive phases in bthe sedimentary sucecs-
sion. The Pisssge Bed of  Muddlemiss
Qi and Chund Formation of Pal (1978)
reprosent A Member of Komar, Singh and
Brivasinwva (1980). There wre considerabls
variations in the thickness of these members
and pd such they are nol mappable on @
regional scule, Howewer, they can bo

mapped in the areas where they are well-
developed in Liddar Valley and Banihal.
The Liddar Valley ares is the type area of
Fenestells Shole Formation.

A Memiber — This  is  domipaled by
gquarte-aréenite with intercalations of allt-
gtone snd shale and 5 charsclerized by
the presence of plant fossils and complete
phsence of maring fossils:.  The planl Fossils
pre presest only in bands ol siltétone and
apale. Adcnites dre thickly beodded, wilten
muigceeus and lpht coloured and are devoad
of fissils:  Thic Member contnins shundun
plant fossils ot Guad ncar Banihal while
i Liddar Walley thew wre seen @l oad-
section near Kobsd, Uaos and Manigam,
(A3 {=H

B Mlersber — This is dominated by shale
and ailistome with hands of aresiie. The
shales are dark grey in colour having
profese. pyrite crystals and marige fossels.

£ Mepher— I s domigpanl segquence
of areiite with intewcalations of shale and
galtstome simibnr to A Momber at Wallarama,
Shule snd ailtstone encompess abamdant
impressions and chsts of dems:  Marine
fossils ure rare or even dhsent.

0 Mepdher — Similar to B Member it
15 glan dominated 1::,' I:II"_F.‘i”.HI: wilh the oeour-
rence of shile, siltstone nnd honds of thick

arenite, In some sections near the top,
urenite content increnses and o locel E
Member can b delineted, The shaie

nnd siltstone are rieh boomorine Tossils while
the plu:nl {asils are rare.

AGHELIMERATIC SLATE ForRsamos

S0 fur |1|.1-€'al-'ml bearing horveon i known
fromy Lhis formmaticon, Eorher, hithostrati-
praphically The topmost por of this lormi-
tion was considéred to be plint bearing,
but lober it was separated ps o distingt untt
nomely  Sishathigh Bed, Thik classifici-
tion has been followed in the present work
with slight medifieations,

MNrsEATHAGH ForsaTiom

Lithostratigrophically  this  wpil was
mapped a5 4 part ol Agglomeratic Skate
¢ Middlemiss (1910) and Bion and Middle-
miss (1926). Then Makasmwa and Kapoor
(1975) and Kapoor (1977} recognieed it
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psoa distinet planl  bearing unit  quite
different From the underlying Applomera-
'Lll;dbi-l.nlf.' wnd  pamed 10 as Mishatbagh
B,

The present study in the type gren hos
revealed that the T‘nmndur:.r hetween 1he
Mishatbagh Formation and  underiving
Apglomeratic Shate lied between bed nod.
3 pnd & of Kapoor (1977 and not above
the volcanic low LI which i well within
the Mishatbagh Formution. Bed no. 4 con-
sisting of 25 m Jdark corbonacecus slate,
has vielded o rich d|*1!r|rlt assembloge wnd
is completely devoid of marine elements,
Thus the lithological criteria to separate
the Mishatbagh Formation rom the under-
Iying Agglomeératie Slite Formation sloubd
he according to ths ficst appearance of dark

¥ MWW
L
W W W
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cirbopaceous shite comtainmg plant fossils
only and npol as hos been sugpested by
Eapoor (1977 This modilied  bowmdary
has been shown in Texi-lig. 2 and the
Nishistbagh Bed has been given the stafus
of & Farmafion,

The dominant lithology of MNishuthagh
Formalion eonsists of dark curbonaceois
shale-siale with sobordinnte sandstone: m
the wpper part, This formation shows @
regionogl  development in Kashmir region
especially in the areas around Srinagar,
Pir Panjal as well g5 in the Tral and
Liddar valleys, Varmo and Zuotshi {1981)
have reporfed M8 presence in Pir Panjal
wreq, while Ahmed, Chiby and Singh (1974)
recorded 118 presence in Tl Valley near
Kowl,

Fanjal Vpicanics

=l g Ehale Showing Yarves [ 20m )

FORMATION

&
=

€ AGGLOMERATIC SLATE
=

|

B Sondsione (15m)
T Shale ond Sandstone Alternctions ( 15m )

& Dork Gray Sordy Shobe itk Plants (300m])

5 Basac Rock PFiow (Gm)

& Corbonaceous Shale-Sate [ 25m jwith Planis

1 Tuwtfs [+ 300m]) with Veleonic Bombs and
Moring Fossile

Texi-Fis 2 — Lithasdentprapbde ealumn al Mishithagh Sper showing Mishalhegh Formation ol

afier Ka T, T
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Pawiar VoLoasae Forss i

This Formation Is referred as the Punjal
Valcanic or Panj@al Trap with an estimaled
mgsimum thicknes ol 2,500 m, So Far
no plint bénring horizon has been reported
Trom this thick succession consisling mumly
of Basic rocks and a Tew intermedinte und
aadic rocks,

Mapta b Fomsariom

The hoficons with Glussapioris and other
Crondwana elements overlving the Panjul
Volainic were clasilicd by Kapoor (1977)
into four Horpl beds namely Vihi, Morhomae,
Munds and Mamul in ascending sirati-
praphic order.  Lithostratigraphically  all
these plint bearing beds do not odcur toge-
thet but occupy the same stratigruphic
fevel, le belween the wndedying Panjal
Voleunic wnd overlving Zewnn Formation,
Their hinﬂlmrizmnﬁiu distinction a% given
by Kapoor (197) is alse not very convin-
cing. therefore, here it is proposed lo sombine
the Tour foral beds into one. Formalional
unit. Among the seclions wherelmom (he
plant beds were reported aod earhier classi-
fied into diferent Aornl beds, Munda re-

sents g very condensed and thin seetion.

arhomu and Mamal show o thick sugces-
sion ond amongst (hese, Lhe seclion at
Mamal i very rich in planb fossils and as
such we consider it a8 the type cection which
is here being designated as Mamal Forma-
tizn.

The above wview i3 more in the lines
suggesied by Ahmesd, Chib and Singh (1978)
where they hove mentioned ™. .Kapoor
(14975) and Kapoor and Skah (1979 cons
sider that the with Gondwana fossls
in the Puhalpam area is the wyoungest
Crondwana plant horizson im Cthe Kashmir
Himabiys, bul its siratigraphic  posilion
above the Panjal Trap and below the well
defined Proforete and Spirffer rajin hor-
zons of marane %n Formation does not
seem o warran! the conchusion.  Instead
It muy be an equivalent of Gondwana beds
of the Viki and Marboma ares ™,

Lithologically Mamal Formation ie re-
presented by black and glassy tufaceous
sliales which weather at Lhe surfoce inlo
light grey or ash colour. This formation
i% characterized by the presence of siliceous

¥

and sgndy shale, cherty grey limesione,
arenite ol times pritly and caléarcous, car-
bonacegus shale, purple or pinkish ash
bed ond novacuiite, The litisr generally
liex ut the base of the formation, though
more thon one hond hat been detected in
some seclons, Therd 8 spme . regional
witriabion in lithology, te. all the seguences
developed in the Kashmir Villey arg charne-
tenzed by movaculite, hmestone and taffa-
ceour shale b the base of the sequence,
wherens, e Par P‘nninl afen The presence
of conglomernie suggesis o sheghtly different
depositional environment,

Stratigraphic Positlon of  Niskarbagh and
Mamal Formatives (Permian) - As - stated
gorlier the plant bearing horitons having
Gondwana affiniligs have been variously
named 8 Gonpemopiens  Hed, Lower
Gondwani  Bed and  Permian Gondwiina
by different workers. Earlier the Permian
beds in Kashmir Himalaya wore Areated
ad 4 single horizon; thouph their differént
stratigraphic positions were recogmred by

ioneers  like Middlemiss (19210), Wadia

(928, 1934), Bion and Middlemiss (1928}
and Hazrn amd Prasad (19575, T recently
they were thought to be restricted o the
Intertrappean beds in the Panjnl Yoleanie,
.. the Apglomeratic Slate and Panjal Vol
canic, and the earlier workers considered
théem as homolaxial though occurring ot
different horizons within the Panjal Vol
canier.  But recently Makaorawa and Kapoor
(1975, Kapoor (1977, Ahmad, Chibh and
simgh (1978) and Kapoor and Shah (1979
have opined. thal these Goadwans plant
beds occur al two distimel  stcotigraphic
levels, bz one below and the other abuve
of the Panjal Voleanic. Adcording o
Kapoar (1974) the older hornzon amongst
these two plant bearieg beds represents
single Gondwana Bed which he dezipnated
g% MWwshatbagh Bed while the plant bearing
Iorieon abeve the Panjal Yolvanic exhibits
four distinet Boral beds designated as Vihi,
Marhoma, Mundy and Mamal in ascending
order. Ahmed, Chib and Singh ({1978),
on the conirry, obsftved thal from the
stratigraphic position and strociurl] sl up
the Permian Condwane plont beds coan
be coneidered to oocur only at fwo strati-
graphic horzons — one of the base of the
Panjal Traps and the other af the top of
the Trap, According to them the [our
fioml beds proposes. by RKapoor [ 1¥79)
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nre equivilent to each other and represent
wosingle lithownit,

Thus lithostratigraphically the Permian
plant bearing  honzons below and above
the Panjal Volcanic are well estublished
in the regional geolegy of Knshmir. The
ane below the Pl Yolcanic 5 very well
developed at Nishatbagh with s rac-
tenstic Gangamaopieris dominated assemblape
appropriglely  designuted @y Nishotbagh
Formation. The onc sbove the Panjal
Valewnic, though teemed variably by Kapoar
(137 sz Viki, Morhoma, Muonpda and
Mamal beds, in fuct lithostratigraphically
represent only one formation  ootupying
the same siratigraphic posiion and having
close lithological g5 well as floral resem-
Blance with each other.  As such all thess
beds have been referred here topether as
Mamul Formation,

Lwar Fopsaiios

Conformably overlying the Mamal Forma-
tipn 15 a Lhick Fassiliferous masing sequence
of Fewan Formatlon which consisty  of
limestenes, shale and caléarcous sandstone
of Uppor Permian age. Mo plant benring
horigon 3 =0 far known from this forme-
tiom,

Localitier — The plunl renualas, deseribed
here, huve been colleciod from the following
Tocalities:

Upper Devanian — (1) Kotéu Hill {Kanj-
dorth— 0.5 km NE of Kotsu Village
{33°51": 75715
(2) Digth Spur —0.3 km North of

Diiuih Yillaze (33°31°: 7319,

Lower Carboniferpus — (1) Kotsu Hill (Kanj-
dori) — 0.3 ki NE of Kotin ﬁ“ﬂgﬁ
(33°51"; T5°15")

(2} Wallarpmn Spur— 1 km ME of
Wallarnma Yillage (33°34°: 7315
(3) Manigam Spur—1 km SE of

Manigpm Villape (33747": 757164,
{4y Gund — Jnmmg-Srinogar romd sec-
!;;_rhl:lm:ur Gund  Village (33°29°:

Lower Perminn — (1) Nishathagh — Spar
1. km Fast of Mishwmibagh Charden,
[34707": 747541,

(2] Murhoma — Spur 2 km NE of
Marhoma Village (33°51%: 75°077).
(3} Muomnl — Mala Seetion 0,5 km West
of Mamal Yillsge (337017 7515}

THE PALAEDROTANIST

DESCRIFTION
Upnin Duvonias FLoks

T acniveradsa sp.
FL 1, fig. 1: Teal-fig. 3A

Deseriprion — Stems hrunched or unbran-
ched, 4-13 cm long and 0.2<0.8 em broad,
ribbon-shapad, sfuce rugose or showing
irregular polvgonal markings. Each stem
huving o distinel medipn ridpe or groove
perhaps representing vascular strand, =1
min wide,

Creenrrenee — Kotsy Hill (Kongdari).

Remarks — In geneml appeamnoe the
specimens from  Rotsu resemble some of
tht speciesx of Toendeorads White  (1903),
such us T, dubis Krawsel & Weyland (19309
nd T, Jaagdi Stockmuons (149399, ele, How-
cver, due o lack of delails in the present
= imgas they honve begu for the preseat
oubtlully refecred lo the pgenos Faenio-
rresla,

TPratolepidodendron &p.
i, figa 2, 3; Tent-lg, 38

Deseription — Stem messuriag 7.5 em in
length and 1.2 cmin width ;beaf bises spirally
arranged, more or less  spindle-shaped,
T mm long and 3 mm wide, apex broadly
obvluse, prdually (apering towards base.
Leal scors inconspicuous.

Dectirernce — Dtk Spur.

Remarks — The shove description is based
pnca siogle (ragmentary stem with badly
preserved lewf bases, Leal sears are rarely
visible and seem 1o be ovol in shape and
ure placed in vertical direction, occupying
aimos: the centeal region of leal bases,
Because  of ill-preservation  the specimen
has besn provisionally placed under the
ganus Frofolepialodandlnog,

Lovwpm Castinearerous FLors,

Archaeosiyiflaria minnfa Lefal
WM. 1, Tigs d=f; Textfig. 3C

Apecimens from Kashmin:
9 Lopidodemdropale  sigifarioides  Jong-
mans, Cofhan & Darrah: Pal, p
124, pl I, fizs 2, 3; pL 3, fig. 12
1978 i.:pl'sﬁp.vknrfrqﬁm pranabii Pal, p. 125,
pl. 3, fig. 1L,
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Tect=Fig. IA-F — A, PFaemiogranks sp., showlng voseulnr sirand, RS 1LP. ne. 083 TT71, from Ko,
L . B TPrunneridooleiaeian sk, sharweag sl e-shaped scars, WS EP, oo 36048 2547, fvom Diidh Spur,
+ ¥ O, Arehamestrilaris prwots Lejal, RSP no. JAAES 3584, from Wallaramu, ¥ 7. 1, Eepldoripidiardo
af, qurdersy Digna=-Clorsing, showing a Fewr lenl scaes, RS LR no. BRGG2500, From Wallarema, = 1. E,
Leprdoverdeapsts o, pecavirms (Dothand Jangmans, ooly & part of the specenen has boeen figured, 0S5 0F,
M '_I-F-IH&'I?I 6, frpss Wallsrama, & X
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Peseription — Unbrunched stem, measur-
ing 3-155 ¢m in length and 1.2-35 ¢m in
breadih, surface showing clasely sei, spirnlly
iH'm-I'I]lFﬂ leal cushions. Leal cushions hexa-
fi ] 1 shape, somelimes oval (in il
preserved  specimens], 3-8 mm long  and
2:3 mm broad; lateral margins either straight
of slightly curved.  Lzaf scars mastly placed
closes to wpical region of leal cushion, verti-
cally oval, 1-1L.5 mm in length. Rarely
nest the centre of leal-scar o smuoll reular
depression 15 visible, porhaps representing
the wvascular scar.

Deenrrence — Manigam Spor, Wallaroms
Spur wnd Gund Village.

Rerrarbs — Archoeorigifiorlas mimra, des-
eribed here, resembles the specimens earlier
L;urrd by Lefal (19700 feom the Lower

arbeniferons of Saham and the Upper
Devonian of Libya by Lejal-Nicol (1973,
pl. 2, fig. 10; text-fg, 15),

Lepidosigillarfa of, guadrata Danzé-Corsin
ML 1, figs T-97 Textfig. 3D

Specimens from Kashmir:

1978 .{,.@:'.rfmffﬂ.qrjn q.lm-cﬁrﬂﬂ Diarri.
Corsim: Pal, p. 123, pl. 2, fig. 3; pl. 3,

fig- 10,
1978 Lepidosipiliariy  ef, guadeata Dineé-

Corsin: Pal & Chaloner, po 296,
g 1C
Deseriptionr — Stems 2.5-12.2 om long and

235 om in diwmeter, surface covered with
spirally  arranged  kaf  cushions, Leafl
cushions about -4 mm aparl in (ransverse
dircetion, intgrvening space more of less
smeoth or soméwhal rugese, in vertical
direction fnirly closely set. Leaf cushions
quadrangular in  shape, lateral margns
alightly convex, measuring 4-6 mm in length
il 2-3 mm in breadth. Leal scar lying
closer 1o uplenl region of leal cushions,
vertically oval, mensuring 21 mm in Tength.
Yosculnr scar and other details not visible,

THE PALAEOBOTAMIST

Cervervemee — Manigam  Spur,  Walla-

rums Spur and Cued Village.
Remirks — The specimens -pgree  maos
with the specimens deseribed by Lejal (1968,
ig. 4; text-hg. 2) from the Lower

I 2
&rﬁu;:lgcmuﬁ of Sahur.

Lepifddodendropsis  ¢f.  peraviana  (Guolhian)

Jonpmans
., 2, figs 10, 11; Text-fig. 3E

Deseription — Stems 2-15 ¢m long and
24 cm wide, unbmnched ; surface showing
leal cushions arranged in steeply ascending
spirals, separated from cach other by a
margin of aboul 2 mmin fronsverse diree-

tion, intervening region  smooth,  Leaf
cushions  vertically clongated, 22 times
|.-|:I:|'|: er than broad, messuring $-6 mm in

ng:h and 2-3 mm in breadth, broadest
region about 13 below apical end, apes
brasdly obtuse, base attenuale, Lenl' scnr
oval, + 1 mm in dizmeter, placed closer
to ppical end of leal cushion, Vascular
sear not wisthle.

(heurrencs — Nanigem Spur.
camie  Spur and Gund Villpee

Romarky — The specimens rum Kishmir
nre closest to the specimens described by
Jongmuns (1934, pl. 20, fig. 15) from lhc
Lower Carboniferous of Peru,

Wil

Fopldadrndrapeis aesfrata Jongmons
Bl, 3, Ags 1213 Tasi-ip, 4A

specimens from Kashmir:

1978 Lrp.l'n"mﬁwdmpmf Sereitrafa Jongmans
;L-:lﬂpmnnv Pal, p. 123, pL 2, figs
f,

.!}-:-.scrfprr'm —Blems coversd  with  leafl
cushions which. aré armanged in steeply
asznding spirals, in broader stems leal
cushions  distantly  placed, whereas - in
nrrower sfems they nre closely set, 7=23 cm

Tixr-picy, 44-0 — A, Lepfdooenddropnls feresteaia Jongmans, showing part of & speclme
stipwan ol pacifica {Sipinmanni Jangmaix, LI

S0 258, from Walliramo, « 1. B, Ceela

254, from Mabdgam, = 2. C, “Cone-like structure, 1.8
-.hau-'-in] i bronched stem, WS LF, nee, FEREE25ED, Fram Guend, < 1.
Wolkom, ISP, noes J&ETI2515 gnd Jmﬂ."..‘.‘l-]ﬁ- from Manigam: E. = 1:
o specimen, ARSI

eecuriong | Meck} Jongmans, showitg - part of

—

mE P me,
I LEOTE 2515, 1 M Hgri %ﬁfﬂzf
; / il J.'ﬂ.:.;.u.l'ﬂ .

4 E. F, ﬂhun:lp:rrr:.l arrrh { MeCoyh
E, 2. @ Trivhyllooteris
. O, 3&3’9‘!,‘15!6. l'rm "i'i"lllﬂ.p.rﬂlt,h I
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leng and 26 em broad. Leal cushbons
elliptical, +3 times longer than broad;
in parrower stems cushions about 3 mm
long and | mm wide, whereas, in broader
stems 10 mm long ond 3 mm wide; dpes
rounded, base atlenunted. Leaf scars aval,
elengated 1w verbical direction, ahout 3-5
mim long and less than | mm oin width,

Ovewrrence — Kolso Village, Manigam
and Wallarama spurs.

Remgrks — The specimens from Kashmir
agree with most of the specoimens lipured
by Jongrmans in Jongmuens and Heido (1955,
p‘lr_ 7, fps la, Ja-d; pl. B, fg 3a-f pl. 9,
i, 4a.by from the Lower Carboniferous

Egypl.

Cwclostigrma of, paclfion (Bleinmonn
Jomgmans

P2 A 18 L0, B 075 Texi-fig. AW

Specimens from Kazshmir:

1978 Cyolosifoma fadica Pal, p. 128, pl. 4,
fips 14, 15
Deseriptiony — Sbems measaring 4.5-18 om

in lenpth and 1.5-3.5 cm in breadth, surface
showing leal cashions arranged in steeply
ascending spirals; intervening space vanable.
Leaf cushions mammiliform or Thomboidal,
26 mm long asd I-8 mm hroad: apex
broadly oval; base shightly tapering, Leaf
scars circular, 1.2 mm in dixmeler, placed
closer {o apical end of beal cushion.

Lesawves minuie, kecled, triungular inshspe,
aboul 3 mm loagand 2 mm broad st basa,
apisal end poiating subward or corang
wpwinds, apex anstote,

eenrretee — Manignm Spur, Wollaramn
Spur and Gond Village,

Breenarks — The collection includes ubout
40 specimens.  Out uFi]mm. OfiE  BPECTITET
pl pleces; shows leaves on its lateral sidzs.
The specimens are compardble with some
of the specimens deswribed earlier by Jongs
mans {1954, pl, 17, figs 57 pi, 18, figs
£10; pl, 19, figs 11-03; pl. 20, fig. 14b,,
b as O pacifiea.

LYCOrHYTA-TSNCERTAE SEMNE

Casts af Stems (Pl 4, fg. 23)— Several
specimend presseved in the form of cpsts
have been collected from Wallarnmn Spur
in the posilion of growth., i.c. in erect

THE PALAFOROTAMISNT

comdition.  Unfortunately, all of them have
budly preserved lead eushions and a2 such
their generic identification 1% difficali,

Biem casts measuring 1021 ¢m in length
and %-10 em in dismeter. Lenf cushions
arranged in ascending spirnks, mostly Their
putling 15 oot well-matked, at places seem
to be hexzgonrs] or rhemboidal, 1.2-1.5
cm long and .3-1.0 cm wide, Leal scar
and other details not available.

Oecirrence — Wallarama Spur

Cone-fike sirecture (PN 3, fAgr 18, TR
Texr-fg. 4O —Solitary stcm torminating
in o cone-like structure. Specimen 4% o
whole mepsuring 3.2 cm in length amd 2.2
om in hreadih. Stem sueface  coverod
by spirally arcanped leaves.  Leaves linedr,
=15 €m long and 0.2 ¢m broaud; apex aoute,
(T Cong ovoid, 2.2 ¢cm long and 1.3 cm
briad, Thracts'sporophells stwlar o the
leaves covering the main sbem.

Decwrrenee — Minigam Spur.

Remarks — The cone i+ too l-preserved
to beomssigned fo oa definils geaus  or
BEChss,

Brameled  Steem (Text-fip, #40)—The
deseription is based on a single specimen
preserved g% rmpression. The makn viem
i5 nbool ? ¢m in length and 2.1 ot in width
ah its broadest region, The lenf-bases are
imperfecily preserved ond their detnils are
nol wisible. The stem st ii8 apical end
is dicholomously brasched und 2ach branch
% covered  with dpically arcinged leaves,
Leaves are lmear, sbout 2-2.5 ¢m long anc
1-L% em bropd

Decwwreeaee — Gund Villnge!

Rigeopreris ovare [MeCoy) Walkom
P8, fgs 20, 21 Teni-tg. 45 F

Indinn spocimens:

1937 Rlgvapterls ovate (MeCoy) Walkom-
Rb, dmaeguikiters Feistmantel  {neon
Govppert)]: Gothan & Sahnl, po 196,
pl, 16, figs 1, 2.

1937 Rhaecopterss  ovata  (MeCoyyWilkom:
Gothan & Sahni, p. [93, s 1-4,

1955 Rhacopterls ovata (MolCoyTWa :
Hgep, Bowe & Shukla, po 11, pL 1,
fg. 2.

L1955 Rbacopterls fnacqrilatery  Goepp, sp.i
Haep, Bose & Shokla, p. 11, pl 1,
hg.
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1055 RFrm'.l:.lpl'J.'rF: il I:Hlﬂ:ll}'}wll.ltuni!
Haep, Bose & Shukla, I

1955 Rhocoprerls <l cirenlaris ;|l1|1-r|:
Hieg, Bose & SBhukla, p. 11, pl L
I‘I-Ij
1454 ,&mwﬁ:rn deegrifentern Gocpp.
spot Ha=g, Bpse & Shukla, p. 13,
pl, 1, fAgs 16, 17,
1974 Rhgropieris  ef,  efrenforty. Walton

Muithy (review paper), p. 45,

1974 Rivpeopterts  owitg  (MeCoy Wik
Mnithy {revew pup-ﬂr]', = 8 Ak,

1974 Rhgrapderis  braegeiilatora CGGocpper
M -ithy (Feview paper), p. 45

1978 Bhn erfe el elrciplgeds Walton ! Pal,
p. 129, pl 2 fig. 8,
197% Riwreoprerts of, circilariy Wallon: Pal

& Chaloner, po 206, HE- 1d, &

Deseviption | for rE“ra'rf!uHm .'.r.':trarmu!'_:r} b;r
bipimaate) — Deetached pinnue, measuring -
E{itm in length nnd 2-3 cm in breadth:
rachis siraight, 2-3° mm wide, Pinouoles
wligrnate, closely sel, somctincs apical part
of pinnule flying balow) touching base of
pinnele lving immediately nhove, attached
at an ongle of about 40°-48°, Pinnule
L2-25 cm long and OB-14 em wide,
obovate: apex broadly rounded; base taper-
ing betow: lateral margins more or less
'Ftnlghl wpnenl mr:l‘gln crenulnte.  Veins
spreading from base, mostly forking once
or twice; except o lew veins along median
region mojority slightly curved downwards.

Crocierpmce = Mimpmm Spur ond Cund
Villnge.
Remarks — The nsw  Specimens  agree

with the earlier specimens figured by Gothan
and Sshon (K237 wnd Higeg, Bose oo
Shukla (1953}

Triptwliopieric feseariong (Meekd Tongmans
.3, g, 32 Texrdiys 401, 44

lisdian -speciméens:
1937 Sphemopteridivm P arcillenen Ludwig

sp.t Gothan & Sahni, p. 197, pl. 18,
figs 1, 2

[hraiibiful specimen:

1955 Sphewoptecidion sp. b Heeg .
& Bhukla, p. 1 {pariim), pk 1
Pescription - Fronds bipinnate, 7. 5. Igt:m
long an J'E-I'F.ﬁ cm  broad; main rochis
23 mm wide, sarfuce Thintly strigled in

Ih.'n:

FLOKA OF KASHMIRE HIMALAYTA ey
longitudinal  direction. Piamae u!!crn.uhl;.'
arranged, aftached ot on angle of WI%507

shitpe a5 o whole lonceolate, measurnng
3.5-5 cm in length and 0.8-1.5 ¢m In breadth,
Pinaules dissected into lobes, 0515 cm
I'-'“'E amel 05308 em hr\vq,:l.ul;lr lobes of un-
cqual size and shipe, hasal pirt constrictod
to form o petiole; veins mostly not discer-
nible; 1-3 weips entgring from base of each
lobe radiating from base, simple or lorked.

Checarrenee — Manigom  amil  Wallurumi
ApHars.

Reminrks — The precent simpens migtch
with the specimens earlier lgpored by Jomgs
mans (1954, p. 26, figs 43-45) from 1he
Lower Carboniferous of Peru,

Rlvdeg o, mbpetiolata TH. Polonid)
Gothan

L%, (ks 26, 27: Texi-figs 503, 6

Indinn specimons:

1327 Sphemapreriy sp. (Rbodes sp,): Gothan
& Sabni. p, 198, pl. 18, fig. 3.
1955 Rhodea sp: Hieg, Boze & Shukla,

p. 10, plo1, fig, 1.

1974 Rhodea sp.: Maithy (review paper},
P 49,

1978 Rhoddea fevmals Gothan: Pal, p. FM),
pl. 4, fig. 16

DNezeription — Fronds 'I'mg;munl:ur_l.- aVER-
all shope and size aol known; main rchis
1-2 mm wide. Pinnules alternately arranged
irregularly digsicted info linear sepmenis,
penultimmte scgments ami- of  WOdD apes
broadly  ebtuse. Each sepment  Showing
a median vein,

Oecirrenee — Menigam and  Wallarama
sparE,

Remgriy — The present  specimens  dre
comparable with the specimens described by
Gothan (1929, pl. 1, Aes 2, 3; plo 6, g d):

Patmmoprerts ol furcare Potonlé
F, 4, Gg. 24; PL 5, Ag. 23; Texisfg. S8 C

Deseription — Fronds tdpinnate, exceedi
30 em in length. Promary rachis DB-1.
cmo in breadih, Iungliuil:lmll.tj gtrintad,
Becondary rachis ariving a! an aogle of
about #8557, plternate, (L3006 em braad,
surface finely striated in longitudmal direc-
tion,  Pinnuleés aliernately arranged, 1,5-2.5
em long, lamina repeatedly  dicholomomly
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Tiwr-rid, & Blodesr o, vubpeddolader {H. Matonad) Colline, S L, ao. 38061725448, from Wallarpma,

digsectad inta fine Eermeils apices of jalt nul- CResrainie Eotan Hill,
timate segments roonded. Al places mid- Renrrks The specimens Trom  Kobi
viin fzinlly visihle, Hill resamble most the specimens of Palrg-

Frxr-Fce,  Th=0) k. .'l._ll.'-l'l'.' aplarn fedvilown [Medk) Jongmans, BALE. ns WS THA, Trnm
Woillnrema, < 4. B O, Palpidoeiess el Sareara Fotonks, BS.LP, gos. 604 1EASTE wnal Wie2 2500, [raim
Kaoliis B { o | e B¥, Raosdyy ol wfsperiofang (H. Polenie ) Crothan, B350, go, 20900, Tiom
Wilsrama, = |



LB

l'wj.h.-rlr_fnrn:u.fn described hr Golhnmn {["ui,'|-|,

. 26, fg, 23 pl, 27, fig. | lest-fig, 4) from

estphaliam B of Germany, Y muy
also  be compared with ﬂmhj{ﬁ}'ﬂmn
iligitatum described by Morris (1973, pl. 1,
fig, db Grom Mew South Wiles, Aastralia,
Hullﬂc"ﬂ.'rl QT sp-u:-':mum al -""q:'l'ﬂlp]r.l_pi'i'rr',r
ef, fwreatn do ool show such  vacialions
of pinnules ws seen in 0, digitahem.

LOWEH PERMLAN FLORA
INEHATRAGH Formatios

Crangarmupieris kashmirensit Seward
Pl 5, figs 28307 Text-lg, 70

1905 Gangawepteris  Eacherirensly  Seward:
in Sewnrd & Woodward, po 3, pl. K,
figs 1-6; pl, 9, figs 1, 2.

1907 Gabgamopteris  kavhmirensls - Seward,
p 58, pk 13, fAgs I, 2

1957 Cangparmopieriy  Keshodronsiy Seward;
Hozro & Prosad, p. 498, pl. 10, fig, 5.

1963 Gampaeropteey  kovimivenviv  Sewned @
YVerma, po 276,

1974 Gangamopteris  koshirensiy  Seward
Chandra (review paperl, p. 131,

177 E}'mgmm’.!ﬂrn'.r bavlmeirenyiy Seward
Kapaoor, . 4495 446,

The Pl})cu:irrn.'.n:'i Agured here were collected
from Mishatbugh Spur and they exactly
match with the specimens of &, kacfwefeensis
earhier described by Seward (15 1907)
from Viki Valloy and Resin Spur,

ociwrrency — Bambhal Pass, Toim Kb,
Apharwal, ¥ihi Valley (iype locality), Resin
and Nishathagh spurs,

ﬂ.l'um:pd'rrir Iﬂrq'#.'mf.[r Fetmantel
PL 4, digs 30, 32; Texi-ig. IF

Doscription — The collection includes a
solitary specimen whose lamina 152 incom-

THE PALAEOBUTANER]

Elel-u ot ong side of midrb and also it
se mnd mpex are missing,  Ino venation
pattern the specimen resembles the spedi-
mens. of Glessopreriy  lougivanfin  carlier
described by Feistmantel (87981, pl. 3,
figs 1, 33, Maithy (1965, pl. 4, fig. 29}, Pant
phd CGupts (1968, pl. 26, fgs 45, 46}
Banerjee (1974, pl. 7, fig: 133 and Chandra
and Surange (1979, ph 1, fig. 4: pl 15 fig
13).

{heciirkence — Mishalbagh Spur.

Gifoecapierdy nfvhatbaghensiv &p, nov,
Pl 6. fga 34-37; Texi-fig. TE

MMeenowis — Leal linese, moasuring 814
o In length and RB=1,2 ol width ot ks
broadest rzﬂinn, somielimes Tartuous, Hpex
sibeacule or gpbiuse: base atfenuate; margins
entire, Midrib distinct, persistent up to
apex, + | mm wide, Lalepil veins ansing
ab an angle of 10°-157 slightly away from
the point of emergence beading  upwands
andl running .11.r||'r5h1. i m:lr'_g,.irl 20 as I
form an pngle of X with margin, conden-
Eration of veins 18-22 per cm, forming short,
narrow and polygonal meshes.  Meshes near
midrib Iungcrr thin Those near mErgins.

Holotype — Mo, MO6T2H2  of Birbal
Sahiv Insfttule of P‘u]u.l:nbnln.n'v Lucknsa,

Elreenrrence — Nishothagh Spor,

Cownparivon — In over all shape Flhossop-
fewis mivhetboginsly resembles most some
of the specimens of . pemdwudensic Pant
& Guopte (1971, pl. 16, fig. 2; abo s
Chondrn & Eurln_pt', 'I':"'."@: p|- i IiE. -‘F}-
In the Intier, however, The apex i3 newle,
ilso the wein meshes are shorter wnd
broader than G, sishatbaghensic.  Inexternal
form G wilkimsaen Fn.-lstmuut-.'i describied
by Bancrjee (1978, pl. 10, . 2Ry mnd 7,
faemiaider. Ferstmupnlel 11 |..|.r'-.: 'h'l. £ handra
wnd Surange (979, pl # lig FI my b
compared with . milethaghends, How-
ever, in the lormer Two species secondary

THxr-rig, TA-G — A, By Paraiphesgrior o Shemd var, sodoor (Storecd) Asamo, DS LP. no. MG !ﬂﬂ

from Mamol: A, % 1; B details from A2 2, ©C,

Mebiorbogh Spu
facy, Bl 2542, Troemi "'~Iu|r|!|u[
-.ul:u.'pwin; wedns, BE LT, no. }

Triziwin :prrm.m Rovle, BS.

Mamil, = 2. I:l ‘:‘l'mmﬁw.rm:ﬁ_. BELP. na. 360652542, from Mishatbapeh Spud, =
feria -T-fqﬁ-urﬁrr;ﬁrrﬂh spe v, o peerfion Team the holoiypo shu-wmp. wims B.&F

4. F. Gipuoyrerly fompieeeliv Feivimanlel, part of o specrmen uhml.rlu welim, PSP,

h Spir. = 4, x Guﬂgr.lum,pmrl'.l. hadhrarewsn Sewird, poil ol & |t'l-m_||:'|'|L|1
234E; froam Hi:hl.llm,u.h Spur, = 4,

I.P. no. JW’I‘I'J‘JE rn:-m
1, {5 loaanp-
TN .‘ll:rl.‘.l'l'lﬁ...”.».- lrism
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vieing arisa: ol an ingle of MW7, Gl sendl
Srivastovo (19e9) §8 much narrower and
smaller in size than €. sldhalfagliensis,
In the former secondary veins arise ab an
angle ol MO°-E07,

INimrrnfaspernman sp.
Bl & fig. 31; Textdlg. 13

Desoriprion — Platyspermic seed, 5 =4 mm,
broadly oval in shape; centrul I:rud]- Bur-
rounded by o wing: micropylar énd showing
o pair of minule beak- pProjeciions,

Cheewrreme — MNislutkagh Spur.

Remarks — INwonmudosperivusm  sp.  fee
semhles N, bowense, described by Walkom
(1921} and Maithy {1965) in overall shape,
hawever, it differs from the Infter specics
in being muoch smubler in size.

MAMAL FomaaTiom

Purarphenophydiun thoaif var, mimer (Sterael)
Accnu

P, 6, figs Ja-40; Test-fig TA, I

Descripifon —Specimens incomplete, show-
ing one or two whorls of leives.  Stem
l.l‘l'ii-l.'-l.ll-ll.tl:. nhu;rw'inﬁ a medinn proove  oF
ridge, 41 mm wide Internsdes shoul
1.5 cm dong, cach whorl having six leaves
of almost similar size and shape.  Leaves
measurmg 1.5 cm in length and 006-1.2
tm o breadith o at Bs Brogdest feglon,
obovate, ppey obluse, buse cupesle, morgin
entire; §-3 veins emerging from hpse afler
emergence repeatedly dichotomising, only
2.3 weins running straight along median
portion of laming refmaioing arching oul-
wirds, concentiation of veims 185200 e
£

Ceeweremed — Mlmuil,

Remerky — Unlike Sphorogfipllien Brong-
ninel (1B28), which hasv strasght veins, the
present specimens have lenves with arched
veina. As such lhey have been refereed
to. Parasphenophillom Asama (1970} The
specimens resemble the carlier deseribed
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specimens of P thonii var, mitee (Sierzel)
Asamia (1970 from the Perminn of China,
Konen, Maitys and Japan.

Trizigta speclasas Rovle
PE # fhgs 41, 43: Texlfg TC

Devoripeinm — Frogmentary speCimens
measuring 238 om m lepgth  and
07-1.2 em in  bresdth. Stems  less
than | mm  wn width, aricalote

with swollen nodes: (nlerpodes 47 mm
In fength. showing a moadian ridge. Each
nipde consisting of a whotl of six Jeaves
arranged in Lnzygoid manmer, twe pairs
ol lateral leaves (in fosilized condition)
larger in sige than the r:m:nrlmg two lenves.
{pointing lowards basc ol specimen). Lateeal
lenves 4= mm long and 3-5 fam broad,
the remmining two meassriog 35 mm o
length und  1.3-3 mm in breadth. Owver
nll shape of leaves obovale, morgins sntire.
Leal apex broadly obbuwse, bise cancate:
veind obscuirg, seems lo be sbmaight.

Checpirrenee — Miimal.

Rerparky — The MMamal specimens ggree
with thoss deseribeid from the Lower Gond-
wana beds of peninsular India by Mahe-
shwart (1968) ond Mnoithy (1978} They
also resemble the specimens reported by
Asama (1970) from the Permian of Chion
anil Korem,

Fobstunmilarfa peindfofla Halle
Fi. 7, gy did=das} Texi=fp. B, T

Specimeny Trom Kavhmir:

177 }:w.mm'.-rpmru r.lr.|."_| el Kapoor, p. 446,
. 164
197y L-ul-'l-np-ﬁ fnw! nfm,rrn!ﬁrﬁ'm: Kapoor,
pd, 1T,

E-::’-'L'nlf EIFEI::]I‘.I‘lI.IIS h.tn'l.' been  collected
from Mumal, Out of these, excepl one,
the rest dre cither detached lepves . or
pur!inlu from i leal whorl, The |.1::',1|;T||,'.|-
tioit, 16 baged pa the :.J"ml..l.n'h‘:[l :h.anrﬁ:i 15!
Pl 7. fios 43, 44,

-

Texr-rer. BA-E — A, W, Rufabis marveiviads sp, sov, RSP, pos Be0TY3538 nd 360TRIZSIE. fem

Mommal, = 1.
ol JSOT2IR5AR, feany Mamail, = L.

iC, I fafmrannpedarie wpnifinfie THalks, slyvwing poel anid coutiferpan IS LE, now. JeDT) 253
B, Rt piaorrarkeverts sps now, detmils Irom A 2 4L
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Dieserippion — The  lnrpest specimen,
having part and counterpart, measures 6.5
em in length and & cm i breadth.  Stem
articulate, showing a medin ridge, mcasur-
ing 3 mm in brewdth ocar Besal end and
2 mm newr apieal end) internodes 223 om
long, ench node with o wharl ol leaves,
which are divided Into two groups on cither
side of node, gach side comprising 6-9 leaves,
Leaves limear with acule apex, measuring
.54 cm in length and £+ 0.2 cm in breadih
ench leal with a miedian wvein: tEansverse
thickenings absent.

perrremey — Muamal.

Hevmrks —The presenl specimens match
exactly with the specimens of  Loboran-
i peatfolie figured by Halle (1927,
pl. 11, ligs 5, &) and Houreau (1964, fig.
170,

Roniganiia gubensic Hsit (1976) from the
Permmn of Southeérn Ximng 15 gkso similor
o our specimens of Lo emaifolin and we
think that they should alse be referred to
Labatamaulartta.  Tne our opinion  Kaifiee
apderir mweienti Kapoor (1977) i only an
apical portion of tamnnlaria  envifolia
wherens,  Kowizophyelfum  dunpatfifensiy
Kapoor (1977) is a detached leal of the
ERITIE Specict,

Rajafrl mamalensic Sp. nov.
L7, figs 47-50; Tend-fig. 44, B, E

Diggroris — Leaves  bipinnate, stenle,
estimated length and breadth more than
12 cem znd 10 cm respectively, substance
of lomina thick. Principal rachis stragghi
or slightly cwrved  near apex,  1=3 mm
wide, surface showing hexagonal pat
terns . or [fwint siriations in lorgitudinnl
direction. Pinnae alternale, attuched al
an angle of SF-B0°, exceeding § cm in
length, 0.4-1.5 em in "IJ".'..E.Ijl:I"I,'S-L'ITl.ﬂ.FEI'\hIDW"
ing discontingous, fne longitudinal stroations
ot he pol pabterns,  Pinnsules pllernaste,
attached at an angle of 75907, firse
pinnule arsing on basiscopic side (kata-
dromic), closely set, rarely touching each
piber.  Pionules semewhel ovil im shope,
2-7.5 mm long snd 1.5-2.5 mm brooad (rarcly
3 mmp; margins erbire; apex abluse: pero-
seopic margn straight orslightly decurrent.
Midrib prominent, towards ppes ooCasien-
ally forking and becoming Fainter; lateral
veing katwdromiic, forking omoe of Iwice

THE PFALAEODOTANEST

{mniily aneal.  somelimes  fonce (oot of
the first twa branches only the distal forkin
once), emerging st an angle of 70837
frarely 07, slightly arching.

.fﬁ'.IFI'J‘I_l'ﬂL"— Pe, MOTT2338  of  Birhal
Bahni Iostitute of Pu.||.t|’."r_||'.'||:|1.u.n_lr. Lueknaw.

fhecurrence — SMamal.
Revark s — Pecoptecls  spe o figured by
Kapoor (1977, pl. 170, fig. 1) resembles

our spechimens of Rafelio mosiairady,  From
the photograph it s pot clear whether the
specimen by slerile o fertile.  Unfortunately
none ol the specimens of  Pecoptoely sp
of Kapoor (I77) were available to us, 5o
we have nol been abls fo Include Kapoor's
specimens under the synonymy of &, -
ferie. As. ouwr all specimeens are sienle
wi in the dizgaosts we have only included
the desoription of sterile specimens,
Comparivag — Rojahla  mogmalensiz ré-
semhbles, in gross fesfures, KN Bifircoda
Kodtna, Ao faggiueasty Kotino, A poesado-

henffeliofdey Konno, R rofetll Rofdno
ad R, sewpenniy Koono  described by
Konino in Kohno, Asama and  Eagoh,

[1970], howewer, it can be readily distin-
puishod from all of them by ity venalion
patterr,  Unlike the Chinese specimens &,
rrerialedints. has twice forked weins,

K. rnninlenisis also resembles Dizeigoifeca
guberisdy. Hag (1976, pl. 1, fgs 212} in
general shape of pinnules, however, in Lhe
litter species the lateral veins in the pinnulies
are wilorked,

Cilasrapteris fareeniifzny Feistmantal
PL 8, figs 52-54; Text-fig. @

This i the first record of Glossapierls
itermiticns from Kashmir,  All the speci-
mens look simelier o the opes . earber
described by Fedstmantel (1851), Bancrjee
(1978, pl. 7, Bg, 13} and Chandra and
Surmnge (1979, nl. 3, fg. 5 pl. 17, Tig: 9).

Liceterremoe — Mimal.

Crlaszopseriy of. conmmds Feistmantel
PL R, lg. 51; Texifig, 10

Specimens [rom Eashmir:

1957 Gilossopterds  commmnds Feistmantel
Hazra & Prosad, p. 302,
W77 Glogsapions  coremwms Fostmanie]

Rapour, p, 4406,
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Dercription — Leaves incomplels al hase
and apex, largest specimen 1.5 om lon
apd 9 cm broad, margin entire,  Madri
distinct, 3-5 mm broad, showing o median
grogve -of & ridge; Intgrpl womns ariing at
an anghe of #°45°, ulter emargence running
forward lor aboul |-2 mm distance and
then arnching upwards, negr midnb. veins
copcenbiation 18 per emoand wwards margin
24 par cm.  Meshes marrow clungute along
major part of laming, closer to margm
much narfower,

Decnrrence — Mumul. _

Remarky — Glessopterfs  comununds Feist-
mantel (1876) has three lectotypes. The
first (G.8.L No, 5088} was selected by Pamt
and Gupla (i968) oul of the spocimens
described by Feistmantel (1879-R1, pl, 31,
fig. 9 from Karharbari. This specimen
(% preserved in the Form ol inerustatiog
u.n.LIl[1 its culicle was stodied by Pant and
Gupta (1968). The second (G.5,1. Nu, 334J)
was selected by Banerjee [1978) out of
Felstmantel’'s (1581, pl. 364, fig, ) sapeci-
mens from Raniganj Stnge. The third
(G851, Moo 5022) was sclected by Chandra
and Surange (1979) out of ke original
callection of Feistmantel (1879-81, pl. 17,
g, 2) from Korharhari, Paat and Gupla
(I96%] have not mentioned any reason for
selecting n lectotype lor . commnstx; nor
have Banerjee (197%) and Chandra and
Surange (1979) given reasons for rejecting
Punt and Gupiz's (1968) lectotype of G,
covmerarly gnd instituling thelr own.  Also
pone of these puthorn hive taken (ol o
sideration the orginal fgured specimen
of Feistmantel (1876, pl. 21, fig. 5

Without wdding to this conlusion we
have compared our specimens with some
of the origingd specimens of G. convmers
Eeistmantel (1879-81, pl. 17, figs 1, 2: pl. 31,
fig. 53 and_have found them to be somewhat
similur, Only difference is that the angle
of emergence of laferl velns in  Feisl-
mantel’s [1§79-51) specimen is slightly less
than 1he specimens from  Mamal, The
present apecimeas nlso resemble the speci-
men of G, communis fgured by Had (1976,

pl. 4, fip, 13)

Gloomapteris of. felvimunteli Righy
Pl 0, fig. 57; Textdig. 11

Degeripptfon — Leal size and shape un-
known, largest available leal measuring
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10,3 em in length and 4 cm in breadih:
margin entire,  Midrib 24 mm wide, show-
ing & distinct median groove of ridge
Lateral weins emerging al an angle of 43°-
20~ {unﬁln ol dive [ i less lowards “Flﬂl.:l-
slightly Wy fromm the point of emergence
arching upwards and then running straight
up by margin, concentrution of veins B-10
por cm nedr midrib and £2-14 per om near
margin, meshes clongate awnd broad  mear
mjdrih; ﬂighl]:,' nurrowes oo l-;mgﬂr “1{I|‘|H_
mujor piart of oo : smaller and narrower
Eowards murgins,

Oeewerence — Mamal,

Kenmreks — Chandrea pnd Surgnge [1979)
while describing  (lovsapreriy  frisimaiiedil
Rlﬂh}f., kep‘t the f{pﬂﬁ-wing ||'.|:'L'i|1'|1.';|'|.u under
IR synonomy:

LHH2 fr'-fr:u.Tn;r.rfﬁ.'r cardafe Fasstmontel, &fenr,
g, Buey, Infie, 40p, 34, pl. XX, fg, 1,

1964 Cifpavopieriy feirforarielii Ripghy, Proc,
Linn, Sov. N5 W, 891}, p. 154,

1997 Clogmopteris. fuchadl, Srivastuva, A, K.,
Pr.rd’.:rtr-ﬂhu'a'nhn 2300 ppe 21, 22, pl. 2,
fig, 143,

However, they bave figured some of
these specimens as follows:

Plate 3, fig. 3 —Glowopieris rordeta Feist-
maniel [ = Flossaplerts
fuchei  of  Srivastava,
AL KLY specimen no. 37/
952, B5.LP,

5, Ag 3 — Glossoprerts felvimantelii

Righy, specimen nmo.
ﬂ#ﬁ (5.1

Plate [0, fig. 3 — Glossepterls  felithun-
lelii  Righy [ = Glovs-
on.r-or:'s brownnmng  of
cistmantel), specamen
no, 5152, L35.L
Plute 16, Bz, 10 — Gilosvopreriy VTRt
i Righy (= {rloss-
igterdy fieeiaii of Srives-
e, A KLY specimen
nos 3T130Y, BELE
Out of th: ahove specimens Chandra
and Sursnge (1979, pl. 38, fig. 2V wave @
restorafion  of  Glooopteris  felsimaitelli
Righy based on the specimen figured by
Feistmumtel {1832, pl. 20, fig, 1), In their
restoration of & felwrmenrelll, they have
shown the leal base as cordate although
in the nolual specimen the bse is missing.
In mone of our specimens the base is
preserved, however, the specimens in gross

Plate
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Texr-mo, 1]

femtures and wvepatlon pablérn  fesemble
mos the specimen of G, cordotad  Fest-
mantel (= G ol of Srivestava, A K.
fGpured by Chandm and Surange (1979,

pl. 2, fig 3.

Flasrapreris of, roemippioreides Feivimuntel
PL B, g 5%; PL-%, fig- 567 Text-hp. 12

Deseription — Fragmentury  leaves  with-
oul base and apex, lurgest specimen mensur-

Gifpesiperaels of, fedatmeainlil Righy, BELP. ne. 360873530, frgm Mamal, = 1.

ing 8.5 cm in length and 44 cm in breadth;
margins entire,  Midrib  persistent  along
entire length, 2 mm wide (neer wpes 1 mm
wide); laternl seins arising al bin angle

TN [near apex 607). running stroight
up to margin, eoncentration of veins 14-16
per em; meshes more or less hexagonal,

longer towards: midrib, shorier  towards
margin,
Oecurreace — Mumal,

Remarks — The above specimens rescm bie
in venation patiern the leal of Glossapieris
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Texr-mii. 12— Ehersaprerdy of . famdopternides Feistmandel, BE LP, no, 36084,2538, from Mamal, = 2

farmippteroides . Feistmantel  deswcribed Sy
Baneriee (1976, pl. 10, fig, 271 They also
resemble the specimen of &, feciiopioroides
figured by Srevdstasa (1956, pl. 7. g, 48)
from Ranigan) Stage,  This letler specimen

kas  now  heen  transferred  under G
srivastaree  Surange & Maheshwan by
Chandrs and  Swrange (1979, In our

ppinign the specimen of 7 foenfopfernides
figured by Srivastava (1956 pl. 7, g 45)
i1 qguite dilfcrent fram the type specimen
of . srlviifavar Strange & Moheshwari
(1962, pl. I, fg. 9. Tn the lalter specimen
vein meshes wro much broader and longer
(rearky Iwo times).
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Cilnssapterts angutifolfa Brongniart
PL 9, figs 58, 50 Toxi-fg 13

AL Mamul this is the commonest species,
All the specimens arc incompleie, bul in
genoral shape and venmtion pattern they
are in agresment with the various specimens
of G angustifalia Broogmiart, including
the holotype figured by Bincrjee (1975,
pl- 1. fig. 1) and Rigby o of. (198D, figs
15-17h  They abo resemble the specimens
of &, ongusrifolin described by Hsa (1976,
pl. 3. figs 16, I7) from couthern Xizang,

Tibet,
Chocarremery - Muamal,
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Text-riE, 11— Glasmapherls mrgeaifdia Brongnlart, @ pomion of & specimen enlargeif shering veins,

LA L no, 360862518, from Mamal, « 4,

Erlpisapteriy sp.
Bl 9, lig. 62

Deseripiion — Leal incomplete of base
apd apex, messurig 122 cm in o length
and 3 cm in breadth; midrib prominent
throughout the entire fength, +1.353 mm
wide, Internl veins cmerging at an angle
pf BO°-90" (owards base almost gl #00),
forming broad meshes near mideib. fittle
nwiy me midrib marrower and  Ionger,
conceniration of veins 18-20 per om,

Clecirrence — Marhoma,

Remarks — Glomopteris siricta Bunbury
(1861, pl 9, fig. 53 has two Jectobype
numbers — the frst, no. 10363 af British
Muscum (Natural Historyk, London  is
mentioned by Banerjee (1978) and the second
noe. B 10636 of the Muszum of Geological
sociely, London by Chandra and Surznge
(1979).  Actually Bunbury's (1861, pl 9,
fig. ¥) type specimen iv now stored in Vhe

British Muogseum (Matural History), London
piad iU bears Lhe number ¥V 19620
Under the sybenymy of G, stefore,
Chandra and Surange (1979} hove referred
& specimen ol & sivicra fipured by Feist-
mintel (1881, pl. 384, fiz. 3), They have
aley flmured  This  specimen [(Chandm &
Surange, 1979, pl.5, fAg: 4). We, however,
consider this specimen o be guile distinct
from the original specimen of G, wiricfa
figured by Bunbury (1861, pL 9, hg 5
Bunbury™s specimen shows about -1 mm
wide infra-margingd portion which is thinaer
than the rest of the foming.  This infra-
ptreinal region has pwoch  smaller and
pralymonal meshes as compared [o the meshes
over the major part of the lamipa,  Such
infra-marginal region {4 nol present in the
specimen Apgored by Chondm and Surange
(197, pl. 5, fig 4) and it is quile Tkely that
it i= different from the originnl speermen
ol Bunbury (1861, pl. 9, fg. 33 Our speci-
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men resembles the specimens of G sfricig
gfum:l by Chandrn nnd Surange (1979,

« 5, fig. 4 in gross Teatures as well asin
visnation pattern. 1, however, dilfers fram
€5 streicta of RBunbury (1861, pi 9, fiz. 5)
in Lcking the infra-marginal region.

TCordailes sp.
M. 9, figs 60, 61 Texl-fig. 14

Description — Fragmentary  leaf  devoid
of msc and apex, measuring 5.2 cm in lengih
and 2 em in breadth; veins parallel, un-
forked, concestration of wveins 1214 per
cm; inferveining spaces occapied by fibre-
like structuee,

CAernrrerce — Mamal

Rewnprks — The specimen i3 Too incom=
pleté; it has been doubtfully refeérred 1o
Mordaites sp, becapse of the presence of
fibre-like structure in between veins.

Ginkgophyllum  havidenli (Seward) Maithy
Texi-figs 15, 14

1905 Pryvenropdplhi sp,; Seward in Sewsird
& Woodword, p, 6 pl. 9, fig. 3

i
}\ ; HWHIH

\L\\ ””HH
|

\\\\t WA \ I /} i
i} H\ Mﬁf /

Tenm-mg, |4 — YWordalres sp,, part of & specls
men thawitg vams, B5LP. o, I608EIENH, [rom
Mamal, = 4,

— ——
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1912 Psygmophylhvn hapdeni Seward, p. 6,
pl 3, tigs 811,

1943 Pavpmophsffiwn  hoydeni Sewacd :
Bitheley, p. 184, pL 10, Ag. 1; pl 11,
fgs I-8; lext=f

1957 Psyrmaph il avelimt Seward : Hazra

& Prasad, p. 502, pl. 10, figs: 6, 7,
196l trimkpophnton havderd (Seward) Hpcg
& Bose, po 42,
197 Ginkgoplptlion  havdend  [Sewnred)
Maithy, p. 303,
Emended  Diagmasiy — Leaves  Mabellate,

measuring wp to 13 cm in length and 12
em in width ; base narrow, forming a petiole,
45 mm broad ; apical end deeply dissected
into six or more obcuneate segments, ungle
of division small: veiné diverging from
hase, repeatedly  dichotomising.  ronning
slmghl subparallel, concentration of veins
near base 10 per ¢m, fowards apes X232

¢F €.
' 3, fig.

Lectotrpr — Pl,
{14925,

Cowparisen — In pross Teatures OimkEn-
fplliernt haydenii somewhat resembles @,
ﬂm::.mf:' Maithy (1974], bul the latier differs
in hoving o single median fssure, G fol-
larglil (Sownrd) Maithy (1974) differs from
5. _ii.jlj.l..#l.lﬂ.l' in having only twa  distinet
segments in cach leaf,

10 im Seward

Ginkgophyllon solmil (Ganjuy Malthy

Texi-fg, §7T
1943 Povgmophylfume sahnli Gunju, p. 206,
pl. 14, fig, I; text-figs 1-3
1974 Ginkgophyllfue sahail (Canju) Maoithy,
p. 304,
1982 Prigntophollion salnli Ganju:  Pant,
. 67, fig. 4F,

Emterded Digguosfs — Stem measuring 21.5
em in lengih and 0.8-1.2cm in width, iEIIIgI*
tudinally striated, Leaves spirally nmm%c
asheunente, base drawn info p{!lll.'l]ﬁ-
itructure, measuring 3.3-7.5 em in length
and 5-6.5 em in width, leal hilobed, cach
lpbe further divided into two incomplete
lohes: median Assere extending neasly 12
tor 34 lengih of leaf, latéral fissures extend-
ing naurhl up to 14 length of leaf. Weins
emerging from hese, after emergenoe re-
pﬂlud]g_ dichotomising, concentration of
veins [(-12 per cm,

Lectotypy —- No. RS of the Department
of Botany, Lucknow University, Locknow.
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Tixrrm. 15 — Glakgoplintvn brydeadl {(Sewardl Muoithy, redrmwn from Sithaley (19475, toxi-fig. I
- B b

Comperrivon — Ginkgophyliwn hollandii INCERTAR SEDIS
(Sewardd Maithy (1974} differs from .
st in having o single median fissare,  Obcervatio ns on Lapfdosrobu Lacluieids
Moreover, the weins in &, Moflolii are Srivasiava & Kapoor
running more or less sirnight, whereas, in Teni-Gy. 18
7. safmi the veins are curved. @ kidsiovei
(Seward) Malthy (1974], foo, has o single Srivastovn and Kapoor (1967, pl. 3, figs
mesdban fizsure. G havadend (Seward) Maithy =3, testfig. 1) deseribed.  Depdadvarrofios
has §ix or more segments. keshmivenals ~ from  the toffacecus shales
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of Miomal. We have nlso collecled w few
fragmentary pieces of stolnr  copes hs
|.1|\_"";-..|:r'-|':||'|. o Lhe most complels apecimer
is w5 Tollows

Lone cylindrcal, unmilarmls
hige Loy ppex, meEpsuring
and 24 oemom owidih
stalk about 0% ¢m looe and (hd em wide
Cone scale irmineed, thomboidal
I shape, mostiy kecled
LAcramrrenc il
Mimminrk s Irpmred

15k, which 1% availahl

broopd Trom
in lenath
ol sl

18,7 em

| AR HY

=11
= 114 ||..

sprelimien | Texd

g i part mod coun-

1 Mauh rest-fig. I}

{1943,

T i P 40 By

ferpirt, do oot show any resemblance with

iny of the known species of Lepldostrobiis.
It 5 most uplikely that it belong: o the
renus Lepidosirebuy,  This has already besn

It s quile
Bl ng o ane
thie Mlamal

douhied by Surnge (1971)
ey Thiot These Cones mday
ol th gendry  presenl  an

LESEmhl o

BI=CLUSS N

e anid
williin the

colirrmanes ol warrou

T ES 1l different |u.-||||'-."1-_
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THE PALAEOROTAMIST

Upper  Palaeozoiv  sequence of Kashmir
Himaloyn has been shown in Table 2
Within this squence the oldest nssemblage,
occurming o Kotsi and Diuth spuars, has
only two genern with doubtful affinitics.
Both  Toemioerada gnd Protolenidedendron
are Deovoninn forms and their occurrence
in Kashmir s imporiani, because so fur we
do not have uny other record of Devonlnn
plints anywhere in Kashmir, Moy bo further
senrch will wield 0 better Devonian Aoca in
B Member of the Aishmugam Formation,
whith is overliin by o RSuence having
meza- and microfpuna of Towrnasian ape.
The Lower Carboniferous flom has two
distinet assemblages, Owt of these, he
alder assemblige belonps to the basal part
af O Mth:ruruh: Syringothyris Limestons
Formation which averlics the muarine G
of Touwrnasian age, Here the lossiliferous
heedds, exposed ot Kotig, sre full of Lepldo-
ilendrapyiy fonextraty Jongpmans and Palouto-
plerin ol fwepte Potenié, The fioml
amemblage gnd the assocmted murine faom
sugpesl o Visean age for the € Member of
ayringoihyrie  Limestone Foemplion: The
younger assemblope, consisting of Archare-
sigiflariy meimeta Lejal, Lepidorigiflaria of.,
quadratg Daned-Corsin, Lepidodetdrapsin cf,
prevwiang (Ciotlin) Jongmans, [- fesesiran
Jangmans, Cyolostizme of, pacifica (Steine
munn)  Jongmans,  Rhoeeplerds vk,
fMTEIJ:I-"i Wailkim, '.I"r'r'ln.l'r1'|'|r1'.l;r.rrn'.t|'£'.T4'J:.Il"fr.l'.l'a|:T
(Meck} Jongmins and Rhedee cf. mbpe-
fifere (H, Potopié) Gothan, comes rom
Aoand © Membems of Fonesicila Shale For-
maton which on the Munal evidence hos
heen dated ns Middle Visean to Bashkirian
in sge. The overall adsemblage is more
l1tc_ Ehe  Lower Carboniferous assemblige
curlicr described by Hiseg, Bose and Shokla
{1935) rom the o Series of Spiti, In
Spiti, Hazg, Ross and Shukla (19355} had
futled to find any Iycopsid remain.  Ther
presence in Spitl has pow been recorded
by ID¥har, Ram ond Rao (1980). Im ks
overall foral composition the Fengstelln
Shnle assiemblige resembles most the abs
semblage  described Jongmans (1954)
from the Lower Curbonifcrous of Peru,

—

T, 18— Conelike organ, tedranwn from
Srivastava end Kopoor (1468, texi-fig. 1), % o 1.
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TABLE 2 — SHOWING DISTRIBUTION OF VARIOUS GENERA AND SPECIES DESCRIBED IN THIS PAPER

Fossi. PLANTS

Taeniocrada sp.
?Protolepidodendron sp.

Archaeosigillaria minuta
Lejal

Lepidosigillaria cf. quadrata

Danzé-Corsin

Lepidodendropsis cf. peru-
viana (Gothan) Jongmans

Lepidodendropsis fenestrata

Jongmans

Cyclostigma cf. pacifica
(Steinmann) Jongmans

Parasphenophyllum thonii

var. minor (Sterzel)
Asama

Trizygia speciosa Royle

Lobatannularia ensifolia
Halle

Rhacopteris ovata (McCoy)

Walkom

Triphyllopreris lescuriana
(Meek) Jongmans
Rhodea cf. subpetiolata
(H. Potonié) Gothan

Palmatopteris cf. furcata
Potonié

Rajahia mamalensis sp. nov.
Gangamopteris kashmirensis

Seward

Glossopteris longicaulis
Feistmantel

Glossopteris nishatbaghensis

sp. nov.

Glossopteris intermittens
Feistmantel

Glossopteris cf. communis

Feistmantel

Glossopteris cf. feistmantelii

Rigby
Glossopteris cf. taeniop-
teroides Feistmantel

Glossopteris angustifolia
Brongniart

Glossopteris sp.
?Cordaites sp.
Ginkgophyllum haydenii
(Seward) Maithy
Ginkgophyllum sahnii
(Ganju) Maithy

INummulospermum sp.
Cone-like organ

UPPER LoweR CARBONIFEROUS LowER PERMIAN
DEevoniaN
Diuth Kotsu Gund Mani- Walla- Nishat- Mamal Mar- Golab- Dand- Munda Risin  Gun-
gam rama  bagh homa  garh lutar yul
+ — - — - _ _ - - - _
- + + + - - - - - - -
— + + + - - - - - - -
— 4 =+ + — — — — - — -
— - + + - - - - — - -
- + + + — - - — - - -
- - - - — + — - — — -
— — _ - — + — — — — —
— - — - - =+ _ — - — -
— + — — — — — - — —
— - =+ - — — — — - -
— - — — - + _ — - _ -
- — - - + - — + - + -
— — — - + — - - — — -
— — - _ =+ - — — - — -
- - — — - =+ - - — — —
- - — — - 4 — - - - -
— — - — — 4 — — — - -
— — - - — =+ — — — - -
— - - - - + - - - - —
— — — — - — + — — — —
— - — _ _ + _ — — _ _
- - — — - — — + =+ — —
- — - — - - + - - + +
- _ _ _ + _ _ _ _ _ .
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However, the Fenestelln Shale assemblage
may also be compared with most of the
Lower Carhoniferous foral assemblages des-
cribed fram Ghona  (Menash & Chaloner,
19715, Sharn { Lejal, 19630, Morocio {Daneé-
Corsin, [965), Libvn {Lajpd-Micol, 1975,
Eeypt (Jonemaons & Heide, 1955, Ausiralin
(Riuby, 1973; Morris, 1975)% Chinn (S8,
1936; Chong, 1956; Asama, [973), Westorn
Eorope (Lutz. 1533 Lagey, 1061 Wipner,
1978 pnd U5 A. flangmans, Gothan &
Darrah, 1935; Chaloner & Meyen, 1973),
Thut if seems thel the Lower Carboniferous
foma of Todin was similar Lo those Known
From the other parts of the workd.

Like Lower Carboniferoud. the  Lower
Permian, too, has two distinet assemblages.
The older one; be the pssemblage Trom
the Mishatbash Forpmticn, 5 dominoted
by Tangamempieris and the vounzer asscm-
hhl-g-l.‘ From Mamal 5 dominated 1'.'1;.' Celan-
soprierie.  The Wishathagh Formtion con-
sists of Gangamopterds Kavhmironsts Seward,
Cloreoptecly  fonpiomlls  Feisdmantel, 7
nicfarlempfensiy sp. oy, amd TR enin-
spermrnn S Thr Maml Formailon hs
Prarasplennphvifiun thonif var, minoe Slarzel)
Asama, Trizvela speclosa Rovle, Lobatan-
wmilarly poeffolic Halle, Rofelie mamnehemrs
Bp. mo.,  Gifaesdaiferdy © fterneftens Feist-
iantel, . ef, cowmomelr Feistmyntel,
ef, fefetimantolii Righy, 7, of, faerwlapioraldes
Feistmontel, 6. moowetifofic  Bronssiart,
Classopleriy  sp. Mooardaites op.  Giakeo-
pliyifure havdeni (Seomnd) Maithy, G, sohoil
{Ganjud Madthy and o conslike organ.

The fossil form from the Niskathagh
Formnlion has been compared by oarlier
workers with the Talchir flom of Peninanlar
Indin. Recently, Kapoor (1977 opined that
Mishathaoh and Vihi beds nre homotaxind to
ihe Talohir Formution rather than Karharbari
Formation,  Tn the commim  decurience
of Gongantopterls the Nisholbagh asserm-
blnge i1 more like the one known From the
Kikbo Bzd of Penimsular Tradin, Hawever,
i Mishiibagh trlowsapiorls plharbafimnidy
is dominant, unlike Rikba wherne Goniga-
mopierls eveloptevoldes i3 dominant, The
Karharbar Formalion has both  Ganrr-
momieris as well as Mocpeecaibforsis. Al
Mishatbagh o far, we have failed fo colleck
any specimen of Noepgeraifiopsis

The ‘Mamal asiemblage 0 charmcteread
by the dominancs af ssversl species of
Glostopterly and by the presence of two

9

characteristic Cathavsinn genera, viz., Lobg-
fenmralerric emslfoiin Halle and Ralehie riama-
leecity mp. nov. and ihows elode similarity
with the assemblages described by Hi
(1973, 1976) from Mt Jolmo Lungma région
pnd southern ¥izang in Tibel.  The Tibetiin
pssemblipe from scuthern Xiznng hag speci-
miens resembling Lobotinuleria and Bafshis
nlongwith the species of Glonopterls (G
emrnnds, 0F, oeavifolla and F, Dndfea),
It has also Sphemophsllum  speciomm.

From the Foregomng secount It seems
that the Permian florn of Kashmir is different
from the Parmian assembluges known from
Peninmilar Tndin, The asesemblape from
Mishathagh Formation differs fromm Talchir
and Karharbari Formotions in having Gawr-
gormopterls  kahmivencly and  Glassoplerss
mixhgiaghiensly. Al the fossiliferons bhads
belonging to Nishathagh Formation overfie
the Lower Peemian beds huving Frerdosow,
the ape of the Nishathagh Formation moy
uifely be considersd s early Artinskian,

The vounger assemblage from  Mamal
Formation is aluw guite distinct from afl
the Perminn assemblages known from Penbne-
aylar Indin. The wrioos speciva of Gfans
opferly described ahove resemble more the
Bamkar spegies of lpssoprerdt in gross
features, However. when fheir ecuticular
srocture. will e known Usey may prove
to e different,  Moreower, the preseace
of Labvatmmmlaria ereifolia Halle ond Rafehio
prepnalerrely sp, now. make the assemblope
different Trom that of the Barmkar nssems=
blage, The fossiliferons beds belonging 1o
Mamal Formution are overluin by the Zevan
Formotion. The basal A Member han
heen dated as Abadehian becanse of the
presence  of  characteristic  Tornminifers
like Abafehella and Coloafella, As soch
the age of the Momol Formation is con=
sldervdl as early  Kunpurian,

Im the Hunlova, like the WMoamal as-
sermblume, recenily A mixed  assembloge
comprising Lower Gondwana eléments and
northern hemisphen: species like Ammluria
sp, of, A sfeflraiSchlothiem) has  been
reported By Tiward apd  Siegh (1981)
from the Kumaun Himmliva, From Solin

arca, along Kailka-Simla Road, Kul-
shreshiha er of, (1982} have reported Ganpa-
minprerir  fibenra Muoidthy, gge  recotds

mlciye with the records of mixed  Momms
oecarring at Mamal snd southern Miznng
sugeest  that  doring  Lower  Perminn



2

the Himlavan region ki foral wssembliages
which were guite distinet from the assem-
Blages known fram the Lawer Condwani
of Peainsular Tndin and the northern Cithay-
piin  fora. This  agturally  mdses  the
question whether thei's was a sepaate land
mass between the Cathuysin on the sorth
wid the Gondwanns Lamd on the souath,
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PRECAMBRIAN AND PALAEOZOIC FLORAS FROM

THE HIMALAYA:

A REVIEW?®

K. M. LELE & P K. MAITHY
Hirbal Sahai listinde of Miacobotasy, 533 Uaiversity Road, Lucknom Z26007, lndia

ABSTRACT

Roconds of organc-sedimeniary struciures  and muciobloby  from

Precambran

h::;;F- and microefiora from the Farly and Lofe Polopodok of the Himolays gre
wifl o briel discussion on the pro&lems amd Tufure prospecls oo the area,

Key-nurads — Microbipla, Crgang-sedimentary struclieres, Precusbrian, Palagozoic,
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INTRODUCT IO

Precambrign  and eady  Palacozoic
of extra-Peninsula  {Hiomoloyas) wee
scanty,  Nevertheless the records of carly
Palaeoroic gre very signibicant as no where
elsz in India the early Palueoroic floras are
known Lo occur.  Thus, extra-Peninsuln has
2 speginl significance for the early Palocoeoic
fioras, In regent vears more relinhle and
better evidence has been oblained  which
raises the potential of the region for nveati-
ation of Precambraan and early Paliearoic
sl
Late Palagozoic florns are alo Tound in
the  extra-Peninsula which are muianI‘ ol
Gifmsvopterds composition.  Stray records of
Flpssopreriy are known from several places
glong the foot hills of Himalaya, ie. from
Kashmir to Arunachal Pradesh, which show
the former extension of Gondwana continent
up o the Tethvan coast. Sometimes the
elements of possible non-Gondwana affinities

RECHRDS of fossil floras from the

have abo been found.  The phytogeographic
and foral relotiooships in Permian belvween
the Tndina Gondwana and the contempornry
Aoral provinces thes become highly inter-
esling.

FRECAMARLAMN

Organo-sedimentary structures and micro-
biots have been reporied from Himmlavas.

STROMATOLITIE

Occurrences of stromatolibes in Lesser
Himalayam region have been revigwed ri-
cently by Yuldiva {1980}, Srikantia (1980) and
Kumur (1980, The entire record is consider
ed here into six distinet geographical areas:

1. The detached belt of Rupmi Group of
Jammu-Himaliva.

2. Shali, Larfi and Deoban belis of
Himochal Himalava.

3. Deoban-Temm  bell ol
Kurmaon Himalayi.

Cigrhwnl-

*Presented in Lhe Symposiom an Pa.h:mun]ng;lnw Hmmgﬁ‘mhr of the Himalaya * al the Eleventh

Himmalayan Caplogy Seminar, n, on Btk

£



Mowskot bl of the Mepul Himmlay,
Iﬂal.u belt ol U Sikkim-Bhuten Fimm-
AyR.

6, Baxa belt of the Arunachal Himalaya.

ok

Foniu, HisaLaya

Foixi Gronp—In the Juommu  Kills of
Kazhmir Himalayn, within the Poloegpene
rone, Lhere i o chaln of corbonate inbiers
varioushy peferced as the * Sirhon Limestong ',
*Jammu Fimesiooe ' and ' Raism Lime-
stone *, bul now dedpnoted gy the © Rasl
Cirvep . They are spread  between Purl
in Punch and Murtal i Udbampur,  These
curbonate infiers see charmcterized by pralific
growth of strometolites: Cofonella Komar,
Conophrten  culindrices Masloy,  Plarella,
Bafealta  balealica;,  Maviovielly - eolormmaris,
frrepielanio Koralink, Secleels BEomar (Bahai
& .galu;v. 1973,

HimacHaL HiMarava

There mre theee stromatoliie-hearing car-
bomuste: belis tn the Fimachal  Hinulayva.
OF the three belrs, the Shali ocours in the
oo most rone, the Lorjiin the innermest
ome and rthe Deoban in the intermedinie
eone, All the three belis uncontormably
overtic a sequence ol purple snd grey quart-
eiteeshale with fnva Aows and are considered
hamislasial,

E.ﬁl'!.l'n"l::n':rcrp Tl'n!' i.Tl'nlr:.lHinli.LL-l. e ‘ruunr.]
in the Ropri, Khatpol, Tatlapani sod Parnali
members of the Shall Group, Conopiryfon s
seent o eonfine 1o Hopr and  Khotpal
meinbors, wherens  Hecalice s ssen in
KEhaipul, Taitgpapi and Parnall members
{Srikantin, 1 9l

Sintla Cirairp - The Simls Group which
overlies The Shali belts along a major un-
conformity  contains: Jriranda  Rimaliyica
{Simha, 1977,

el Greonp — I cedars within o winadgsw
gone i the Kulu-Rampur geea of  the
Himachal Prudesh, Tt is divisible into two
formations, vie, the Hurla Formation and
the Aut Formation, The Aut Formation
conting profuse growth of golumnar siro-
matolites ol the fype Conoplprgr, Jurusanfy
ot Bedeplivd,  From Aul ared Canopdiyfan,
gR itr, ooy ( Girabo b and Cafonelie sp,
indét ave been reported (Sinha, 19770,

Deoban Group — This group  aosurs in
autgchthonous zonpe in the ares  betwesn

THE PALAEQROTANLE

Himachal and Guoebwal Himolavi,  The
Bohut amd Tiowiar formations are charie-
ferised by prolific growih of sromatolites
(Srikantin, 1980,

The Bohar Formubion contains limesione
bunils, some of which dre 20 m thick and are
wholly made up of siromitolite reel colonies,
Colpefln and eveén Corapfiter haye also
been scen.  Boicolfvo  1Calfowia |5I.l|"|.'ufl'1:ub
ks ales been reporfel Trom (kb Tovmadion
IValdiva, 196593,

The Tiniar Formation has profuse growth
of stromptolifes, which are comparablo o
THngrs i,

Canmirwan-Eiiniacee s ava

Cale Tone of Fithoragark — In Lhis 20ne
there ure Ewo Lhick carbonale sequences which
show excellent preservation of stromuboeliies,

Valdiye (1969} seported Cofferdn thalki-
daronaie, € wvmiiedeicn wndl o TTranmirhi
from the Thalkednr Dolomie. Kumar
(1978) bas doubled the identification of
Cedfeniin sysmretrica and ueagsting Accord-
lng ter hbme €5 AWRmieiriecd 13 4 irans-
VOTAD p:’:ncr\'p,li.,'m al O, thafkedarenyiy u.m].
Therairiana is perhaps o onew Farm, which
noeds redescription.

Kummar and Kuamar (1478 have described
pwo strutificd erommiolites Serorifera winlain
end  Goagelieg eifereniigie Trom Gorn
arca, Pithiorapgarh Disrict alpngwith Cale-
detla codmnriarid and Colleis :'Iﬂ,l'l]'.hl'.l'

The Ghdingoliphat Delomite  Formation,
younger curbonate horizon of the Cale rone,
shows good deselopment ol stramglolices,
Mista and  Valdba (1961) 0 were first 1o
report Coflemin from fhis bodzon. [DHxi
1| B [:.-pn-ri.cd Clempirzaon, € olleni colum=
aarris, O pmfos, ©, fogelfiformiy rom the
Girichhing aren. Mz apd Kumar (1969
recordesd Colfonl colimmiedy and O aedleny
from the Gaompi greg,  Vaoldiya (1969} me-
pinted  Callerita fdealioa, O columnierfy,
£, kireleimis, Hr'JFﬂI'rIrF iFalien and Callmia
spvpedelcn from Pithoragech aren. Raneri
(190} deseribed  Colfeily  columrarls, O,
bafrallen, €. fregoemce var,  kandeeisls,
. prewddcefnmmord O aeptemteimalis
und O prinedere i the Ganpolighat Daole-
mites of  the Sarju Penpar  Valley areas,
Admorn District.  Kumar and Towari (1977,
1978} reconded Covrppleyton parsanices aod
. miwrd from the Kathpuris Chhina ares.
Later Tewari {1979 scc Xumar, 1980)
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recorded  Srearffero and  Gengrling  Tram
the same anes,

Cale Fone  of  Teferm — Bholtachirya
{1976) recarded the oocurrence ol Comogrl -
fivy cylindrices from the Kapkot Formation,

MEPAL HIiBMALAYA

Newokat Groap — The Tejam-Pithorngarh
belt conmtinges mto the Mepal Himalaya.
However, the maplure of extension i@ ool
clearly kEnown.  Stromatilites of Coleipella
pnd some lower Proterosoic tvpes hove been
feported from  the Formation [ of the
Mawnkot Growp. These are vet o be
studied in detail,

SIEIM-BRUTAN-AnUsachial HisALAY A

Baxa Group — The Baxa ﬁmu]:l 1 divisible
into twi formations, viz, the lower Jainhi
Formation and the upper Cuarbonate For=
mation.  The Carbonate Formation. ss the
npme implies, s chorsctersed by limesions
and dolomite with prafuse siromatolites in
the dodomite unit. ogh these stromilos
lites hove ool been studied with regard to
the morphologicnl characters, yel n Cursary
study indicates that they wre mainly  of
Cidonella and Balealios 1vpes.

The abservitions brings oot the wWope
and utility of stromatolites i the strati-
pruphy of Prolerozoic carbonate formutions
ol the eniire Lesser Himalavn, Considering
the imporiance of correlation of the unfossili-
ferous formations o the Letser Himglaya,
there is greater need for sestemutic siudy of
stromatolites with kesent on the evolutionary
irend in the Himaloyan bell.  However, one
particular sspect has 1o be kepl alwoys in
potice that the morphology of strompiolics
i iruw;rmhi |:|3' the hisla :I"E!.lplunij‘bln fove Its
il.r'Fu,'l-.!.{li-r_lrl.

Onealites — Gondy - Rao (1970F  and
Bhattocharyn (19761 have reported oncolites
from Upper Krol and Kumpon Himmlays
respectively,

VLR OHEIT A

Prakash (1974} reporied acritarchs from
the Cafe zone of Chamoli in the Lesser

Himulivn. The identificattons of the paly-
nomorphe  need  rechecking.  Later Sah,
Maithy  pnd  Bhargava  (1977)  reporied

palvnomorphs from  Jutogh * B of Simls

Hills, Recently Maithy anu Bhangava (1282)
have pecorded an dlgn, Soferocecos rom
Jutogh " E" of Simla Hills,

The micgobdoie  from  Pitharagarh,
Kumaen Himalgyy belongs {0 cyanophytic
algae  (bodh  flamentoos and  spheroid),
Sphueromorphilee soritarchs and Boluspho-
eridiem [Acanthomorph) (Mastival, [978b,
19501 Mautiyal (1978a, 1979} also repored
a few chitinosoans (mom the Sstpall anca,
Gorhwal  Himalaya, Some of 1he  new
pEnEr instibeledd H}' hirn el Fevision, The
posaibtliry, however, 18 That they are similpr
1o the proviously recorded Torms,

singh, Tiwgri and Gupin (1973) recorded
acritarehis from Shill Formabon nesr Muandi
(Himacho! Pradesh),  Baha {1980} roported
sphericnl snd filimestows nicroblota from
the Great Limestone ol Hoisi,

CAMIERIAMN-SILURIAN TLORA

Jacab o ol (1953) rf:[mrt-:il sproTes  nnd
other culinieed malerigl from the Cambrnan
ol Kashmir. From the stody. of spores,
they présumed that (he primotive Pierido-
phytes and  Preridosperms are represented
in  the MWhiddle amd Upper Cambrinn
wdiments ol India.  Ghosh and Bowe [ 1653)
also reported spores and trocheids from the
Cambrinn of Kashmir,

Srivastava {1973) has secorded the [ollow-
ing nssemblnge from (he Cambrion-Silurisn
succension. of Kupwara Tebsil, Baramuli

Mhstrict, Kashmir,
Memtarchs Arinhizplaera, ﬂ-l".'.h'}ﬁ'r'.r.l.
Carceimalifes,
Frofagpilaeridia,

Dewsilives,  Hemizphoeridium,
Leimspivairriaia,  Lefofai,
Crriisegaelites,  Sphaceoporaliers,

Spores:  Apicalariypowines,  Calmmospors,
Lae wigaiEpariies, Ladodrilpres, .L_l'ru.ﬁ',':lﬂ.ru e
worr] Tracheids.

sabmi (195N repored  psilophytic-lEke
remiting from the Silurian of Spiti. The
fosshl maes are hoth unforked and Forked,
They are cither dmooth or rough possibly
due Lo minute spioes.  According to Sahni
(19511 the straight umbranched fmgments of
fossils, whatever thelr matore, would have
had o Hostimiellg-like aspect inspiooth Form,
or Fyidppindon-hike in spiny form.  He fur-
ther opined that the spiny Torm, howeser,
has  pereepiible  resonblance @ variows
L A h:.u'drin]di.. the sippestion of a vascolar
eome ol withstanding, uic the core i



23h

nof sufficiently coptinuous to be fully con-
vincing, Gupta (1969) reponted Piilopdiy ron
Pringems.

Maithy {1974) doubied the pailophytic
pffinitics of these fodeils due o lack of
critetion by which the fossile may indis-
putably he rv:w[g_uls-m as land plant, vie
(i} occurrence of o sylem element, (0 an
epidermis with cuticle and stomuta, and
(i) the presence of spores in sporangi.
He consmdercd the possibility that these
Tossils may belong to the lower group of
plunts, but Pant (1978} opined that they
are snimol remmins.  Therelore, the speci-
MEeMS TEUIFe proper reasscssment (o decides
their nuture,

CARNMOINIFERDIUS FLORA

Till recently the only known Carboni-
ferous Aora was from the Thabo Sthaoe
(Po Serigsd of Spiti, Himachal Prodesh
{Gﬂlh.nn & Sahni, J"}JT; Hﬂ:g.. Haase
& Shukla, 19575 For abeut 40 years,
nothing new in the plants of no new localitics
were found. I recent vears workers have
been devoling more atiention 1o the Car-
boniferous  sedimenis,  with e result
better proseeved and more significant fossils
huive come 1o light, We are now in 4
position W0 compare our  Carboniferous
floras with greater certminty with the cosmo-
pratitan Lower Carboniferous florn, Known
now  ws  the * Lepidodendrogsis Florg *
l.'llhm:n- teris Flora ol old LEI:'nr::'.':I.

The Thabe Sluge flora containg resiricied
plants, viz., Rhodea, Rhocopterly, Spfenop-
Fericine, Adiurities und Asteraplillites.  The
Taunal ewidence from the Lipak Series, which
underhies the Thabe Stage, indicaies o Dipan-
tian  {Towrnasian-Yiscan} ape. A Lower
Carhanifersits  ape of Thabs  plints os
suggested by Gothan and Sxhni scems to be
M agrecment with this.

The Gund Formation esposed m the
Charil-Mawagan section, north of Banihal
in Kashmir (Pal, 1978). contiins o diverss
floral masemblage composed of Lvcopsida,
Sphenopsida and Prendopsids,  The Forms
are Archacocalfamites rrillotd {Bronghi)
Stur (Sphenopsida), Archecosipiliaric sp.,
Lepidesigithoris  quadrern Danac-Corsin,
Lepidodendeopsis  wigillarioides Jongmans,
Gothan & Darmah, L. pranobii Pal, Lepido-

melren pindensy Pul, Cvolostipma wreeri
Jongmans, Gothan & I.'.hrrn . malica Pl
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(Lyeopsidal, and Rhacopteels sp. of, B efr-
colarly Walton,  Abadese  fesals Gotlan
{Fr..,ndugatd..]

arbonifcrons MNoris of e world
wre  well Enown  from  ULS AL, East
Ciermany, Ceechoslovakm, LK., Spain,
Spitshergen, Peru, Egvpl, Ching and USSE.
However, the sssemblupes have spme local
peculizritics. By woy of emphosis on some
toxik. Thus, we have Lepidodenidropsis-
Crchesrigami-Triphyifopieels  associations In
some  arens  Clongmans, 1955, while In
olhiers there are Prelepidodendron-Seblepide-
dendreon,  Lepidasipiliorin and  Archaeosigl-
flrfe  associmtions (Mensah & Chalgper,
1971y wr  Lepidedenc oe-Spivenopieriibeam-
Rr'mrr.lp\’rn'n ni.'-.l:l:l!nblag:i. I e aleo be-
capme apparent now that the Leplibadendrog-
Sphenopfecidionm- Biaropters. assemblage s
found in the younger strats {Vieni) |Lacey,
1462, Mal, 1978}

The Gund Flom is choracierised by Lhe
dominance of Lycopsidy like Leplidondondrop-
xin €2 sp.), Archaenzigilorng (1 sp), Lepioa-
sigitiaria (1 sp.) and Lepidoderdron {1 spah
Pieridophyies. are  subordicate with one
specwes ol Rhaceplferis and  Hbosdes,
while Sphenopsidi are seprecseaied only by
Avefeeodiamiites (1 B s Paul (1978} nlio
mentioned the pccurrence af Anterophyilites
i in basal purt of the Good Formation (sée
Litholog) but  did npet deseribe it He
compured the Guad Flora with the Lower
Carboniferpus wssombliges of Peru (Jong-
T TES, 1984 Pocone Flora of Pennsviva
inad "-’ln-:irli:L Clangmans, Gothan & I5urrnh.
1978, Epyvpl {Jongmans & Heide, 1955
and the Thabg beds of Spiti (Golhan &
Sahoi, 1937; Hoep, Bose & Shukla, 1957)
Pal has noted thut the Thebo oz s domi-
nuntly represented by Filicopaida and ihe
abseace of Lycomida in the assemblape
striking,  Om the other hand im0 Gund
Flory the Iveopsids prevail over the filicop-
sids.  The suggestion of Pul scems 1o poing
that ihe differeice in the two lerps may b
dide o differencs i age. The Thabs fom
with rich fern remaing may be younger
{ Mumurian-Westphilan) in gge than Gunod
Flora which has the dominasce of IVeopsids.
The Ginnd Formation s ukderlism by
Syringothyrin  Limestoneg snd overlain by
Fenestells Shile.

The floral essemblape of Gund closely
compares with the Lepidedesdropiis-Cpifo=
atigntg-Triphylfepieris florn  as Jefined by
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Jongmans and emended by Lacey {19621
and Mensah and Chalpner (19710, Putting
everything topether o lale Tournss to éarly
Yiscan age has been mssipned to the Guomd
Formation by Pal (1978). Fal sugpesed
that the Guod Formuation (493 m} is entirely
continenial  and  thal  widesproad  land
conditions provailed during this  period.
That means these beds can be troced in
other  parts of Himokayss which iy
contain fioras an well, The foral evidence
indicites that a. mist apd warm climate
prevutled during this period in this region

FERMIAN FLOREA

Upper Palacozoic beds of continental
prigin are Tound in several arsis along the
Tethvgn Himalivan belt Irom Kashmic to
the east.  These beds are at places associated
wilh glezcial or volcanic sediments { Acharya,
1973). o wroowe of these areas typical plants
i the ﬂ|u&m|’.¢qnn Florg, vir.. Crlossapieris
asd Ferfebrariz have been recorded [Jacoh,
1952; Jaceb & Bancrp, 1954).  Severnl new
greas with Permion Tor hasve been surveved
in recent yeurs, The records are ds fullows,

K asHwIR

The wcurlicst pecord of Pormian  floral
elements from Kashmir is by Hayden { 1907)
and Scoard (1907, 1912, In receit yeprs
ciur kmowledpe of the Peomidon Flara has
incrensed due to p.n.inula-kinE wiork of Hasra
ard Prasad (189571 and Kapoar (1965, [977)
Eanpaor {19771 recopnired five distner foras
above the Corboniferous bods; one below
the Panjal Trap and rest abose It

(A Ai the base of the Panful Treap

[. Mivhotbreh Bed — This bed marks the
beginning of Gondwass in Kashmir sod
ogturg s selated outcrops at Yarous I
litles of which Dal Lake, Basmai, Nagmarg,
Bien and Mishatbogh ire important. The
flowa recordel 60 Gangparaiierio amgny i falin,
0, Rewiedeovsfs,  Oloxsoprenls  ongeddifodio,
0, duaiea, Paygeeapli i B vdend, Cordaltes
fitsluapit, Savmaropsin, Cordatcorpys and slems,

(B Eh the fop of the Poniel Trap

2. Vbl Bed (Gamgamnpterls Bed)— Risin
spur ol Vihi s suppaosed 1o be type urea but
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Hawden (1907} stressed upon Uhe mportabice
ol Zewan spur becnuse of 1 betler deve-
lopment than Risin wnd abo due to its
position  elow the marme  Zewan For-
mgtion. The flora recorded 15 cones and
etemes of Iyoopods, Gamgamrgteein Eashimmirgr-
1éy (dominant), Fesfebrarie sp., Pogmopihyi-
feprm .|.|.|1'l|.'|1'|:'|r|',|'1 o ot and  Cordadies
|||'.I'_'|'.r|'JI|IT.i|i.

3. Murfioms Beod — Rapoor [(1977) sopa-
rfed this bed from the Vit Bed due to the
presepee of @ livg fow beliween the Two,
The Aora includes : Fefizonewn gomdvanensis,
Soheniphydiine,  Sphenopreriy  podynmorplig,
Glogsepteris, cowmniz, G, conspless, G,
anefe,  Gampariprerdy  Rarknirenids,  Samnge
roprisand Pyepeapfefium aydery. Ahmod,
Chib psd Siogh (1978) did ool recognie
the Muarboma Bed.

4. MWumida Bedl'— Huwera and Prisad (1957)
studied this bed from the aorthern siopes
of Py Peneal. Kapeoor (1977} traced the
bed from Juwhar Tunnel o Alkrkal, The
florn known From this bed s Pecopneris,
lossppteriy  dommrdy,  Gongamioperiy
hashmirensty  (rare),  Feewdopderis Kaslennd=
renrie, ¥ feeblend,  Festelrorly ndieg,
Cordainer  fisfopdi  and Pyl
heriedeisd,  The presence of Peroapforis and
Toesfapteris 15 signifcin

5 Mamal Bed — This. bed G5 the
youngest floral bed of Permian Condwiani
m Kashmir. The type section is exposecd
uil the scrap. daod rmvice between Mamal
arnd [':'unpmhnri néur Fu.|:|:||g.|1n:| The Aoara
incliades:  Lepadoytrabos  bashenirensis, Sefi=
SINTITIT, Mhllathera, Tspfeennpiiellum,
Pecoprerly (several apecies including fertile),
Kestpmirgpderly amejend, Gilpssopierys imaics,
. angrrifodio, O commeds, Gorgorrogieris
B, [n:;-urr:rrl.ﬂ[.- rure), Coradmiles, J':'.“L_'rlg-m-
Ml and  Kawizaptoefem diomaetiieimi,
Attempts have been o made 1o correlate
the Lower Gondwann sequencs of peninsular
region with Kushmit Permian planl  beds,
According 1o Kapoor (1977 the Nishatbogh
and Viki beds are hemotusial Lo Talehrr,
while Chakenwirti (196K) suppested that the
Vili hedy gre eloser o Rikha,

The Gondwipe gffinity of Permian fforal
beds of Kashmin is undispuiable in spite of
fiy having distinct pature. Accordigg to
H.:.'Fnrnr l_l':'Ti'_l the diktinelion i be die
tov s pesition quite Tar (eom the mainlind,
The (act, of ite being the part of the Gond-
wans continents pels 1he support from (he



5

undeclying Ferpdpeong Twinn vpleal of the
Condwann shell

The presence of the floral clemenis of
northern henvisphore in The souihern wnd
vice verss 15 an enipmy.  Besides Kashomr,
such mixed floms are abo knswn from South
Africe, South America, Awsiraling Torkey,
Mew Guinep, erd. A proap of workers
(Silent, 1925, 1936, Wadia, 1938) belicves
that the intermistpg of the Marums is the
resull of oaigention of plants in Keshmie
regicil,  They prizumed the preseme of
isthumus or dense grehipelago in Kaghmir
region, Oither  workers oppose this - view
on the pofweogeagraphical  grbunds since
the Ksshmir reglon in supposd Lo hove been
thowmndy of Eillemeters sway from the nor-
thern  continents ond  sepirated by the
* Tethys ',

Urran Pranizn

Tewari and Smgh (1980) recorded Permian
plant Fassils Mrom Infrakeol sédimeits ox-
posed along npala cuttings In Jealikot-Bho-
wali section, Naipital, TLP, According to
them the assemblage comprtses of ivpical
northern clomonts like .|'_1-_|'.l.l'n:|'|:l|'.|':'.lrn'il'|l.l.l.|.I el
pitey, Ammidarie, Spiresiopheifop,  Gronchian=
i, Schizonenra and Photloniece assoapizd
with Gonparmopferis and Clacepieris,  The
asiemblape desds carelul cuwmnation die
te extremsly hetercgencous Ooral  neioe.
Mopogeover, the avthor has net given any

kotogmphs of the fossils with the resuill
ﬂ is exreemely difficult fo judes the authentis
:it%crr these records,

wiri, Tripathi, Kumar, Singh and Singh
(1980 reporied miospores Trom the Kuling
Bhale of the Molla Johar nrew, U E The
records are Hemelligporites, Calfminispora,
Lovivitefleres,  Apicedorispordtes, Loy risfin-
porites, Dewidpellenitey, Sohewringimollenines,

Sirfatopodscorpites,  Fompedleniter. and
Cresceniipalicihites.
EhasUiEEL 1M

Acharya (1973) reported a flora {rom the
Domuda Subgrovp of Doriceling  foot-hills
comprising - Pirvlioihecd. spe,  Gfodsapleriy
frllew, OF, conpnmees var,  afespeare, 0.
b.l'mrm'p.rm', i, rawieplomr, L'.l':m.ﬁ'ﬂ.rrh:'n': EP
wnd  Fierreheario feaice; The  presdomimnee
of flassapteriy und absence of Gompgamopieris
indicate o Late Permivn apgs. This is also
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corrohomted by the dominatice of hisaceale
mipspore  with  subdommunl trilete  amd
mnolet:

SIKEIM

The bluck lpminnted mcaceous sltsione
of the Damudy Subgroup coptains plamt
fesils. The Dimuda sandstone near Kbhem-
o his j-jn:l-dn:d n:l.'tlJi:hL'!-‘].-L"L'ﬂlJi i, En:lr.r.l.ﬁ'qp-
terin and  Verrobraein (Dol vide Sophol K
Srivasiave, 19500 whersas in other nreis
Sebizamenrs has Deen recorded from thewe
Beds (Duit & Ben, vide Jaboe & Bamerdi,
15541

i,

Fuchs and Frapk (1970) hove record-
ed  the ocoorvence of @ Fitatme  und
pitted bracheids feom phyllics slates of Tght
zreen eolowur, which overlie the Chail For-
mation in ithe Phalbang area ol Lesser
Himalava fegion of western Nepal. Gond-
wahis spores have dlso been recorded from
the Thinichu Formation of the Tethys belt
iof Wepal (Achorvn & Saly, 1975

Adusarnar Peaprsn

Srivastavu pnd Duita {1977} have described
palynomorphs from (e Lower Consdwiano
sediments of the Damng THstrier, Arunnchal
Pradesh, The spore-policn genera recorded
ore: E'ril'.f-rrﬂrrf.'n'll.l'd:l.lw. .Ir_.1'L'IJ.|':Ir.I|'.rrII.II'|'h'|' A,
Brewineileter,  Loelndirilefes, .'.Fﬁ-rr.lﬁ:'m‘ii-
P, Tmadedriracites, Savonisyporiies, Feresae-
eitied,  Virkkdpallenites, — Plieptipolienites,
Stetlapeifeniier, Bugdiceeiles, Cruriseceiier,
D varisir o, Calreninverrpiten,  Soforie E':p{.u"f-
farw,  dlleniien, Plarveaecae, Sictarties, Fael-
pilleniier,  Strigtopooorarmites,  Vexfraspord
ahd Selewringipollenies.

Among seriarehs ure Pilasporifes, Hemdi-
[Hwierinm, Malfmeiie, Macwlariyparites,
@uerdrispartver,  Leiwiphacedfle,  Sponge-
cvatianl, Fovesfiog and spinoge  acntarchs
and nlgae Schizesrerdy and Bt ycadcus,

The overall microlloral association has
two distinet pones,  Zone [ is dominated
By the radial monomceate pollen graims.
The trilele mmrspore, striate and nonstriate-
dikaceates ‘are mre. The mioflora s com-
parahle to the mafior of Tolchir Formation
of The Lower Gondworna in Peminsular India.
Miolloril Fone H is myrked by the domi-
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nance ol Collwniiporg; Pareweclies s aub-
dominant, Misrobacwlinporg  and  Jrdoird-
reliter mre significant, wherens Orciaeries
is confined wy this eone. This mioloral
Fone hes besn compared 1o Lower Karhar-
hari muaflorg of the peninsuly by Seovnsiawn
wid Ductn (1977),

Sipgh (1979 peporied  Lower Permian
mitspores from the Gore Formation in
Sng . Distpict. Twoe  distingt  miospore
asseimbloges weee recognised, viz, Parasic-
eitex-Plicetipallemiles- ViekEipsllenites,  and
Callumispors - Paraseceites - Patoniviiparites,
The first gssemblage was consbdered equi-
valent to the Talchir sssemblage and the
wecpnd to be equivialent to Lower Karhor-
bari pssemblage of the Lower Gondwana
seipuene of pemmsulnr India.

A Eal: Ghosh und Ghesh (1977)
recarde [l-!u.ﬂt lossils From the older Khelong
Formation in Komeng Disteict,  The record
imcludes . Phfetieca, Sollzomedr, Gl
ferds dmelice, 6, coimnliilt Yar,  feiravneing,
O, clrdiecliee,  ramgamapierly orelopterides
and Fertebrarly,

_ They also regorded Phyflothees geicstachil,
Phyllsthera up., .&..-'M_nn.ﬂrm Ershivarrnsls,
i lwsehprents v, F, CONRERERTIR VitE, . SN
mewrs, e, r:r.lgr.l.u'lil'i:l'w G, dongicandis, .
Farmosa, Dictvapreridfon, Vertehrorie indiva
and Samarepsis sp. from the Bharell For-
mation in Kameng District.  The assemblape
is charnclerised by the predomingnce of
Cileiserpteris and absence of SFaigamepieris,

Assant, MNacatanD asm MEGHALAY A

Fox (1935 reporied  Verfedeoely Salica
Trom Smgrimar. Recently, reeveled Gond-
wana palynomorphs have been Tound
some  places cither on ubsurfuoce or in
surfmce {(Hanerji, Misra & Koshal, 1973:
Datta, 1978).

Cani

Bumesji, Mitra and Chakrwarty ([977)
reported - mepn- and  migeoflord  from the
Lower Gondwind focks exposed piear Singri-
migri Boenr (Hallelovgonp), western Coro
Hills, The mcpulosail assembiage includes
Solizenpara,  Olodspptersy  commenly, G,
wiricla, O, peergiteld dnd  Verfebraciy, The
migsporen - are represenied by Eaefoiniforis,
Cetlpmmspara, Paretarizporiios, Cyelobaclia-
parites, Hoerigfiirifetin, MWirraforematiypora,
Lavrigataspurites, Erml'rﬂfrn'r,q'.'pﬂ.ﬁ'm!:: g, Plil=
spcens end  Siviafiies,  Banere Mttm and
Chakravarty (149770 compared the [fossil
records with the Lower Barakar fora of
the peninnular region

CUONOLUDENG REMARKS

From the loregeing review on the Pre-
cambrinn and Palacoeoic foras of the
Himmlawn, wy con inber that though the
records are poor, yel panstabing search by
workers will definirely bring abpul new
informatien.  The time is oow ripe 1o cone
ceptrate on Lhe Tollowing prolkems:

1. Evolution of Horas in geolomenl time
with the morphological complexity of
clements. Himalayan region suils best
lor this sort of invesbigation becaise
biere we find g coptinuous SUCCCRsion
from  Precambrinn to younger  sedi-
ments.  Such g continoons sscteson
i lacking in peninsulur Tnafia.

s

Phylogeopraphy of floris during the
Palaporoic - times,  parieolarly  with
refesence 1o ihe claims or ihe presence
of Anparan pd Cethoysion olementy
it the Carbonifemus and the Peeminn
flesras of Himalayo,
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MESOZOIC PLANT FOSSILS FROM THE HIMALAYAS —
A CRITIQUE?

HARE K. MAHESHWARI]
Rirhal Sihal lasiee of Palagobatany, 33 University Rewd, Luckeow 226 000, Tnidi

ARSTHACT

A reconnaiciance of the availahls Hteraimne hos shown ihat ke Iremrl'i.nl' Mlewiraac
plam Tossils From 1he - Himaliyas are Tar oo mengee oo compased ko the peainmls, L
donhiel plant megnlossils hove booy reporied only Troem e Tethyan wone, Le. (oom
Liingahi in Bhntan, Kugheni la f.'iupul andd Lomg 1w skl The Hpmquz mmicreflinrg
from the Tethynn wong compriss w-urIH.!rmr'-rN amd mestly wridennfizhle spores
amd polken  The dimocysts Iram B Spi-shaks ol the Mlalin J'lll_l'llul-r ATER ITC CoonpeIn-
Phvuli wwall-peisarid, In tho L Fhimakayiin Fond The sltuabion i< ratker |:|:~||15|||I:ul|:
M definite plant megofoseils gy kpown Crom fhe Krol or (e Tl cerinin algae-dike
FH'.HMIII'I..I greepled.  Phore sobnss Do oo pood amdant of comrneryy. reganding the
mudure unc oge of lhese ® Fomuale ¥, A& well-preserved polimedlorn hind bewn feportad 1o
bl single sampde in ibe Kool A0 Mofa-Keodd of the Mabniial moea,  The other maparta
ol pmicrodassbla Cincioding marmofoasils) frrm e Keal Formation are nol oonyneling
snough. Simdarly ke reporiy of recavery of pelynomorphs  [eoin the Lowss Tal
cimnot B iodnfly refsd upon e no teseprch poper han come mil on Lho.

B gy — Minsakivas, Kools, Tals, Tethiyan eong  Falyoobessils, Megoplaots.

wtn
fraraw & WA = T - AT — R wnee

TR AT e i v e § e w6 opee ® v dtee & s
7 & el e m ooer By qEaqmerey Fee e o @ ooT e & oawmom:
warr # Yqmdy, e 3 ereddl of egew B s qERaTOTE T TIW §OEET S
#Foam 1 ot & wpw fot wr wrme o sl m ey e e S oam
wfm g B s dter A F Gl éi & v it wepr qefodfee B ooy
e i § ffe oo wfom B0 99 v A 1 faase we T owErioer fafeer
wEarET ol Ay or T 4 g §| 59 el &1 OFE O U R AET e ey
B el 7 v omafecfar pomeaeedoeer £ oot per @ T AW 0T TR W R
e () T U o F oFra o st & owrs sedramed] e oS-
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FIETETYETN T W 0T A6 GAFfEE AR w0 W AL Wi 5T 9T WHE R R i
e =@ ey o &

HE Himalivan o nEs i chiin
extends Tor shout 300 Kilometres,

be divided mto three structural and tectonie
(tithologkeall units which are, from north

fraom Wangn Parbat (9186 m) in the
west Lo Mamoha Harwa (7522 m) in the
cast,  The Himalayan mountsin systom can

Digheaddun, on 26k Novamber, 186G

to sputh: (1) Tethvan Himalayan fone,
(i) Central Crystlline Zone, and (jii)
Himakivan Zonc; the last one Comprising

"Paper read ot X1 Himslapan Giaodogy Séivinar an Palgsontolopy and Modransephy of the Himalays,
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:{.'1] Lesser Himolava and {hy Sob-Himm-
Ay
The Tellivun Himslovan Fone consiss
of a mare or les complele sbratigriphic
segiienes mangiag from 1he Precambrian
to the Cretgecnas, excepl Tor o sfight un-
conformity  hetween the Upper Carbonge
lerows wnod the Permian, The Cenlral
Cryslalling  fone separales  (he Tethvan
Himuloviin and 1he Himaloyan sones.  The
Himaluyan Zone reveals o more complex
peolopical histary,  The recks are penerally
unfossiliferows except for the Tertiary for-
mations and a lew scatlered ouletapy of
Permian and Cretaceons fossil bearing rocks,

The sge of the Infm=Krol. the Krol aml
the Tal formations, someiimes rezorded
as represeolatives of the Mzsozaie sedi-
ments in Ihe Lesser Himalayva, has been
o matler of ruging coutroversy, Spomdic
and ill-preserved fossil finds hove been used
Tis |.1::|l1.' these sediments UnTortunately in
moat of the cases the sompling data arc
tog mesgre oo he of rewl help in biostmut-

raphy and age determination. 11 s there-
pre nob surprising Ulml some of the geo-
logigts stubborniy refuse o leke Into wécount
These Tosail Qinads, (sough not all Tor the
SNME PERSONS, "r'-nJ-.'h;m {1975} heleves thnd
There was no Mesorog sedimentation in U
Letser Himukiyva.

The penetic allinily of the Himnlivan
Mesorole Bediments o5 also oo mastier of
eaibroversy,  Cansser (1964, p, 242, fig, 144}
hizs shown e@xtennion of Gondwana Shnmi
ters e The noeth, inta the Himalvpas,
Cobelen (1973} extends the Gondwanns
i the northern high Himalayas of Nepal
But Cegwlord (1974)  maintains that the
morlbern lieat of the Clondwang = sl
an open gquestion.  In recenl yeprs plant
Fossil evidence hos been osed (o suepport
the extension of the Gondwanu (acies nte
the Himaluyas. Thise will be exurmingd
in this armicle af the proper place,

Dwirine the last three decndes a lor of
pealogica] work has beea done in the Hima.
lavas hy sclentista from Tndia and abroad.
The regonal and loml geologicn] sSurveys
have resulted in new palazontalogical find-
ings,  The reporis of plint Tossily, howover,
wie fur Low meagre, partivularly these of the
Mozpdnie Hmes.

Bath plant |1'n1F.1- and microsfossils have
been reported Trom  the Mesozoic  and
:a-mllcd Mesnzade formations in the Hima-
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tnvas, Plant megafpssils ol higher planis
wre known only Prom the Telhyan Zong
wheress the microfossils and wlpsl remnins
pre teporied both from the Tethyan and
thie Lesser Himalayng,

PLAMT MIEGATOESIES FROM THE TETHY AN
LN

Plamt megalossls have sa far been e
poried Mom Bhotan, MNopal and Ladakh.

The Meieioly BEry is represented in Blistan
by the Lingshi ﬂrnur of - Jurnssic-Crelncenus
age;  which uscenformably  overlics the
Permo-Carbomiferous  Shadug  Formafion.
The lower harizon of (he Lingakl Gorou
the Mochu Formation —eontoins o plant
bed withs Egulseiter, Prifopholfum, Eloro-
efufie. Nifkwandn, Foenfopicriy and  Desmrio=
phillge (Chaturvedi of gl 1950,

T Mepal, the plant bed Hes inoa [0 m
thick grey sandstone exposed inoo section
on the right bagk of the Thakkoln River
pear Kaghtol for Ragl, The losils were
first reported hy Bordet er gl (1964) 0%
cyeadophyvtic Mronds and srancaran woods,
Bardet e ol (1967 and Moateede (1971}

reperted:  Milvomhe  orfenialis,  Cleesandiey
abbrevlatir and Prlepdothem (W amisariz
pretel,

Barule. Basspullel snd Bose (1978) des-
cribed and Husteated . this Do in detail
The revised 5l of mezilosals of the Kagbend
samdstoney iv; TFocmipieris apeoell T s
faree. MaClelland.  PrilopliofNenn  acurifoliues
Moeris, Prifapfichos spe el P cwlcienae
M:nﬁrls-nud Araweeariox vl nepalenvis Barile
ef i

This assemblage I8 somcwhit compimble
wills that Froom the lower beds ol the Raj-
mahal Hills in penmsular Indin bot 18 too
poar to be of mach wse strabipriphically,
The section hkus oot been exwmined palyno-
logically, There in u. possihility that 1he
durk prey shales or the silty hlack shales
found interciinled both below pnd abave
the plait bed may sield palynemorphs

In Ladnkh, the megalnssils have been
found in o small hilleck along the left Bink

af the Indus. pbout 50 km vpstream of
Lomn (Sah & Sharma, 19505 Sharma;
Cluptis & Sah, 19RO |l g pmassilile  Uhat
the plant foseils pecur in mone This o
illowk a5 1ee arding o Sharma et of, (1980,
pe ATEN ' The sediments contgining  Gond-
wand plants are exposed ax small detached
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hillocks *. The roeck Iypes in Ihie mrien
comprise dark quartzite, Ccreamish quari-
rite, culepreous sangdstone, conglomeratic
breceia and carbonaceous shisle, The plant
Msails come from g 50 cm Thick #sone within
the crbormceous shale Fnﬂ-::.wiup loagils
have heen hsted: YEguisetnlenn nxes, Clada-
Meleblds spp,, Gleichenites hr'T.. P tfleneli i flavim
cntefense  Marris, Piilfopfidlam  acutifolivm
MorTis, Flerophvifuin &p., Taoioieris sp,,
Podozmiter sp,,  Ehtecldes sp, el E
p.l'drm {l:'diilmu.mr:ﬂl Beaard, and -'I.rm'.l':_l'-
phythan sp,

Sharma of of. (1980} conelude that * The
presepce of the wheve meptioned foral
elements cic. suggests an Upper Gondwiing
l.ﬂinl-l::-' for the lossd assemblin Tuken
at its [ece wviloe thic conclusion makes Chil
report @s the st fnd of Gondwani plints
from morth of the Imdus Suture Zone. This
conclusion hes resulted in the presumpiion
that the Ladakh plant beds may be detgcled
fragments of Gondwana sedimenpts  from
the northern margin of the Gondwanalind
which 15 supposedly  represenied  in the
Mukimath sren of western Mepul (Colchen,
1975).  However, neither the [odakh nor
the MNepal fornl assemblage has a single

nos which 18 restricted only fo Cromdwama
ormations.  [n facl. Barale o of (157K
while comparing the Nepal gssemblage with
the Rajmaha! one did not find  delinite
Condwanian ink,  Thus, while it is possrhic
that the Kagbeniand the Loma floral desem-
blages moy have some  infer-relalionship,
thee question of Their having genctic affinily
with the Gondwana Aorn 1s sl wide open,
In this connection it would be worlhwhile
o make clabomie megafossil collegtions
from other hillocks in the Ladakh drea s
well s from Kaghent,  Palynological sfudies
of the carbonaceods shales may also be
unchertaken

Mesoapic sediments of Ladakh huve also
vielded algul fosals,  Pascoe (1959, p, 1319)
recorded the presence of the dasycladnceous
alga Newmerls In o limestope in the Lingzi
Thang drea,  Pal and Chatterfi (1978) have
reported o varicd afpal flora Trom two hori-
gond of the Indus Flesch Formotion, g,
Orbitoline limedlone nenr Bl l!:..-\.ii'.-hn-
Cepomapiand and. Tossiliferous  HBmestone
exposed  in Raldong Mok ner Samdo
(Campamagn-Maestrichtian), According 1o
Pal and Chulterfi (F978) “the rocks nre
much disturbed and seme imées reeeystallized
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by ohliterate the structural detnils of The
fossils”. A3 such it s difficull to say as
Lo how mmuch relisnoe cun be pul on ther
taxonomic identifications,  Following i5 the
Tist of nleal taxa: Acfewkerir sp, of . 4. comm-
ehiverse Johnzon, 4. Elalvenats Pal & Chalterdi,
Nemiseris gefreroe Pal & Chattergi, Coveusta
frutfewlose. Johnson, Cayensda sp., Lt
phithe sp, of. L. onvigeem Lemoine, -
mataporella  sp.,  Permocalonfis  daonsis
Jobnspn, P fadekbensts Pal % Chatleri,
P, oap, of, P, tfexona Johason, Gmmmegeg
indfien Pal & Chatterje,  The authors con-
clude that the algee were deposited in the
shullpwer part ol the confinentnl shelf,

PFALYNOMORMFHS V'HOM THE TETHY AN
EOMNE

As Tur as pulynologicnl studies of the
Mosozoic sedimonts of the Tethyan realm
are concerned, Lo omy koowledee there are
freports Trom twa areas only.

Lukose (1964} reporicd a ° sinafed * spore
from the * Upper Mesoroic ! of Wakkachu
fraverse between Kargll and  Pashkvum,
Lodakh wihich he named as Scifzes ko
mivfersis,  This sporomiorph was laler re-
named a5 Sehizaesrporior kozhondrioosis by
Cilosh and Lukose (1967} whoe published an
illustrnded  gecount of the palynomorph
assembinge lar which they essumed an Upper
Jurgssic to Middle Cretoseous age.  Accord-
ing to Bhanduri ef of. (1977) 1he palyniferous
sample {D53565) anginsied from fhe Middie
Member of (he * Ladakh Molasse Group!'
of Tewars (1964} The authors call this
member a8 the Tarumss Formatlon, A
palynological re-examination of the smples
earried oul by Bhundury of af his shown
the presence of pdvanced  sngiospermc
pollen pssociated with fypical Upper Mesg-
vole forms such as Neoraisfrfckin, Cerofas-
porfies,  dArmtcarinciices,  Allsporites and
MWalliglasporiter, The Mesozoio  Forms
have ‘been inferpreted o5 reworked info
yvounper  sediments. On  the  basis of
the new angicspermic inds the age of the
Tarumsn Formation (5 ken To be Eocenc-
Miocenc,

The othet record of the Mesogoic micro-
fomils n the Tethyan renlm 3% from the
Mallu Jobhor pres, Pithorsgarh  IMstriet,
Littar Pradesh (Join et o, 19785 Tiwari
ed ol 19R0),  Tewarl of af. (PR have
reporied pollen and spores from the Upper
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Trigssic-Upper  Jumssic  soccession.  Fol-
lowing 5 fhe list of generg recorded
by them:

Tetraporieg Magmovn

Platyracons Naumovn éx Polonid & Klous
‘Klousipatienitey Jansonius

Coallmsporg Bhorndwaj & Srivastava
Macidatesporifes Tiwari

Alizparizer Daupgheriy

Lindbladispora Balme emend,  Playlord
Parasaceiies Bharadws) & Tiwari
Lophorriferes Naomove emend, Polonit &

Kremp
Lenatbiporitey Leschik emend, Scheoring
Strigtepodocarpives, .. T

Crullivlasprrites Sukh-Dev

Cryedoverritrilofes Schulz

Defiofdnspors Weyland & Kricger emend.
Drettmmnn

There s an (lustration of the gonas Dewsis-
porites (pl. 1, fig. 5% Bot it does not find
a mention in the fext ’

The oldest Mesgeaic formation  which
has wvielded palynomorphs s the Kuti
Shale (Morianl,  Palynomorphs  have nol
beon nomceclaturally jdentified except for
the genus Kiosnmo[lenites, Passupe Fors
mation (Morian] abko has  Klawdpodfenires
and ¢erlain  olher  non-striate  hivaccste
polien, The Kiolo Limestone (Rhaetic) s
menera such as Calfwnriypors, Mocwlormpari=
rexy, Afspariies, Lundbladlipora, Paraigecites,
Laphotriletes, Limatisporites and Steintopod-
crpites,  Thisgssemblage in o way indicntes
an apge ool vounger than the Parmian.
Unforiunatelv, twa penern, which coold
thirwst {hie assembluge inte the Triassic have
not besn illustrated. The Spiti Shale {Port-
[andinn) has Deltoidecpara,  Ceeloverenins
fetes, Callimlasporives and Platysacess along-
with unidenlifiable won-strinte disaceate
pollen,  Except for * Coltielaspories ™ none
of the other taxy bas any significanse as
ape delerminor.

Trwari er ol (1980) while accepling the
dificulty in working oput the offinities of
the Spitl Shalz min%lnra have presomed o
Gondwanic affinity for the Upper Triassic
mipforas, MNow do we really have o con-
vincing evideace for thie7 The Kisto
Limestone mioflora has o be ruled out of
this discusston as it conld as well be o
reworked one, particularky if the wge of the
Riolo Limesione is sccepled (o be Rhoetic
on other evidences.
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As far as the Kuti Shale and the PHEHﬁ
Formation aré concerned The only wort
while record is of the genus Kfmuipoflenites
whith has been taken as an indicator of
Gondwanie affinity. But it has a wide
horizonial and vertienl distmbulion s 08
also accepted by Tiwari e al. (1980, p, 41,
ara 1). They base their argument on the

s15 of defimif2 occurrences ol this genuns
in the Triussic sedimenis of  peninsular
India. But they do not tell us if the gerus
is ahsent in the Eoramérican o the Anpomn
Triassic. 1 may add that eur work on the
Upper Trigesic miofloras of South Rewna
Giondwann Risin has shown the preiomeg
of iypical Euwramerican  clements  there
(Mahethwnri & Kumamn, 1979; Kumuran &
Moheslvonri, 19800, T hawve cxamined the
slides. amd am not fully convinced of the

redence of Klaipolleniter in the Malla
ohar samples. The specimen reformed to
Serindopoderarpites (pl. 1, fig. 13) docs not
shaw any spparent strintiond. Cyeleverm-
frifetey  amd  Deltofdovpora are  wrongly
identificd. BMiospore A (pl. 1, fig. 34)
is 8 foraminifer. On the other hand, speci-
mens of modern ofganisms are present on
some of the stides {see pl, 1, figs 15, 18, 19,
R Hen of Piwee, Funeal bodies, @lo,
Cerinin peculinr strustures, vaciousty refersed
to a8 aoritarshs or hystrichesphacrids are
aleg seen,  Owerall, the Mialla Yohsr spore
and pollen assemblage 15 very poor in
quantity and guality.,

Dinoflagelinte cyits recorded from  the
Spiti Shale of Malln Johar (Tain et of., 1978)
are also not well-preserved but are charac-
lerislic enough for ape determination.
Imporiont dinocyst i recorded are:

ligosphaeridion . anthaphormn (Cookson
& Elsenack) Davey

o, puichierrinumm [Deflundre & Cookson)
Dravey & Williams

Lithodiila sp.

Sewiywidiiion =pQ.

Fareodinfa  ceratophora Deflandre

Prolixasphaeridivm  sp. of. P, lorypminn
(Cook=on & Eisennck) Eisenack &
Kjclistrom

Gonwmidaeysta furossica {Definndre) Norris
& Sarpeant i
Tuboraherells apately (Cookion & Else-

nack) Toannides #f af.
Adnarosphaerfdium  gemefem  {Deflundre)
Willinms & Dewnic
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G’Eﬂmﬂﬂﬁ'ﬂﬂﬁm dictyophorim  (Cookson
Eisenpck) Davey & Willinms, and
{hnatia menfpenier i Cookson & Els¢nack

Meheotra and Sinhe (19800 hove: dis-
covered dinoBrgellnte ovels from the Sanpcha
Malla Formation of Malln Johar, Some
authoers hove roised Sangchn Malla to the
pink af 8 group which includes o lower
Jhanguw Formation and en opper Balcha
Dhura Formation, Mehrotra asd  Smha
report does. nol give precise informafion
about the stmtigruphic location of the sam-

les within the En:ﬁclm Mulle Formation
fur Emur_l}, hait pm::i v ihe qmplﬂi represent
hoth Thangu and Balcha Dhurs formations,
According fo Mehrotrn and Simha (108)
the microplankion Tound by them indicaie
an Upper Cretaveous age lor the former
and possible Eccene pge for the lntter, It
may he of interest to recall that Tain et ol
(1978} found no dinofagellnte owsts in the
Sangcha Malls Group, but they recovercd
o rich radiolarian assemblage which sagpesis
B Cretucegus ‘nﬂ'lniii. *even lar the Balcha
Dhura Formotion. |n the whtence of illos-
trations, 1 2 ool possihle o verify the
dinoflagellate identifications and hepce are
listed Below:

Cdonmtochiting  orfbrapedn Deflondre. &
Cookson

Syrtemotophora  achindewolfi Neale &
Sarfeant

Migorphacriding  compler. Dovey &
Whillisms
Diphves colfigerwm. Davey & Williams

Cordesphaeridivm Inedes (Klumpp) Davey
& Witliams

O, eadlimurin Davey & Williams

Acrorphacridiom dikfovplabas Enton

Hrstrivhokolpnne Khimpn

Hystrichesphaeridium  Deflandre  emend.
Davey & Willinms

Hamotrvblivon Davey & Williams

Clrivtosmhecridinm Davey ef al,

Gonyawlacyste Deflundre

PLANT MEGAFOSSILS FROM THE
HIMALAYAN FONE (LESSER HIMALAYA)

Mesozoic plant fossils in the Lesser
Himalaya were fint reported by Wodha
(1913 in the lorm of fmpressicng on
black shales of the Lower Tals, Mo de-
tails of this report were probably ever
published.
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Bhargaya (1969} reporicd * alpal piso-
lites™ from the Krol E of Nigah Synloerm,
Himachal Pradesh.

Raha and Gurorsju (1970} found stro-
mstelites amocinted with the Mussooric
Phosphorite Member. 1ill then believed 1o
be the basal wnit of the Tal Formation.
Raha (1971} designated the Phosphoric
Member as the topmost unit of the Krel
Formation in the Mussporic ares, KRohba
(1971) recopgnised 5 types of stromatplites
which he thought © appear to have affinity
with the late Palagoraic to carly Mesoroic
forms *. I would, however, seem  Lhat
his remorks on the gge were inierpolated
o The basis of data other than hig owi

Mithal and Chaturvedi (1972 repaoried
the oceorrence of certain potulnr struclures
in the limestones of the upper Krols, pos
sibly Krol ©, exposcd on fhe Rajpur-
Mussoerie Mule Track south-cast of Mus-
sogric Town,  The authors compare these
structures with the external form of the red
alpae Solenoporkceie.  These structures are
vaguely similar 1o Bird's eye structure of
Pirolitie dolomite [sce Singh #f af, 1980,
pla 1, ig: 2; pl. 2 dkg. 4],

Fucht and Sinha (18974, p 573) reported
the oeeurrence of high prowing branching
stromatolites In the Kral E near All Saint's
Collegpe, Muinitul, Singh and Rai (1977
have recorded the presence of stromatolile
taxa Conoplyton garganicus Koroljuk, Cole-
medla . and Batcalta Batealiva K oploy from
the Upper Krol sediments of Nainital arca.
This find is considered as indicative of a
middle Riphean age for the Krol Formation.

However, colearesos algae reporied by
Komar {1978) Mrom the anlitie lmestone of
Krol D expesed necar Solon, Himschsl
Pradesh opparently do not indicate an ape
older than Permian, The fasa listed By
Kumae (1978) are:

Preinefly comata Khvorova _

Sphocrocodium fornemann Kothpleilz

Atrpetyliopsis sp.

Cirvamedice ap.

P;-rnmruﬁ':iﬁrj L]0

Toaperella sp.

Hiplapora anmedafa (Schafh), and

Tewbipkitex sp.

He contludes thit * on the basis of overlap
ol the recorded ranges of all the discusied

specics of nlgae Found in Krol limesione,
it cun be inferred beyoud doubt fhat the
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ape of Krol Formation s not older than
Perminn. [t is likely that this sequence
may be Permo-Trinssic although the upper
limiit d% ppen fo discussion”. haove o
query, T8 it possible o infer the a
of o grept thickness of sediments simply
by compuling the apge of a part ul the
top T

Patwardbon (1978) reported the discovery
ol fossils belonging to Lhe problematic
Efuup * Morpvamminids" Mmom the chert-

hospherite horizon of the Lower Tals of
Muossoorie aren.  Bhatin (1980, p. K1) be.
ligves thot these fossils *can, with egoal
certainly, be pssipned fo cedain Jurassic-
Cretaceous dosveladoesan algae *— Cplindro-
porclia Johmson, According (o Bhatig
(TORY, ¢eripin animal fossils reporied by
Ahluwalin (1978% from the wime hordzon
are infiuct plane.  While Paloeohiogerima (71
of Adlwwula (197K, fig. 1) is samié as the
Patwesrdhon fossil,  Arcfinedivens {7 and
Indeterminnte Paefypifods (AhTuwalia, 1978,
fig. la, ¢} *appear to be close o distpried
ectinns I:H:'-:-ugh dikex o |'|r|"mr|.r:,' hrunches
of Clypenie, n Jorasic-Palococene alpy
Bhatin goes on fo sugpest o Lower Creta-
ceons age for the Lower Tal. However,
the carbonaceous shales of Lower Tels have
vielded the lamellibmanch Posdenda, and
were assigned a Jurpssic nge (Shrivastave,
1972) The genus Postdonly ranges in dge
from Lower Corboniferous to Upper
Turussic,

Tewarl and Kamar (1267 recorded alpal
fissils [ MNooemerisd tom the shell hmestondé
at Milkanih. Thiv limestone  constifutes
the topmost unit of the Upper Tal Member
ol e Tal Formintion dnd has bees nimed
gs the Manikot Shell Limestone by Dhaan-
divel wnd Kumar (1976, eited in Kumar &
Dhaundival {19807  Seme authors have
raisod  this limestone bt (he atus of o
formation, eg, Wilkinth  Formation
Singh (1974, in Mussooric-Nilkanth areal,
Singtali Formation of Mchrotra of @, (1976,
at Singtaliy. Singh. (1979 Belicves that
thik [imestone wnit 18 ot o part of the Tal
Formation sessu wfeicio and  i5 actuslly
separnted from the latter by o major hiatus.
Bhatiy {1980) spunds sceplic ahout Singh's
kv prathesis.

Kalin (1974, 1976 reporied an  akpal
aesemblige rom the Manikot Shell Lime-
stone expoded in the soothern limb of The
Garlwal Syacline pear Bans o the Dugadda
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ares. She identifies ihe presence of Tollows
ing taxa:

Earacharirs famedlans Banishi H
Gumnocadivm  belloraphontty {Rethpleitz)
Accorln
Permocalenlis anontsl Kalia
Anthravapmreedin speciebili Pln
A. merewrt Elliote
Mizzia hmmi'rrmlpl Herak .
Preudoepimastopera sp. el P
{Kochansky & Hnrak) Elliott
Prendovermiporella  sodalies  Ellioit
P oeylinericn Kalia
Liplapaia
Felifritella triphicats Eochnasky-Devide
Epimixtopora
Hikarocodiom elegantae Endo
H. sp. el H. irawsveraem Endo, and
Crianella morikowae Endo
Acconding o the suthor olgal forms are
indicstive nf o Permian (Guadalupiae) ape.
Algne hove also been reported from the
Munikot Shell Limestone exposed in the
northern Timb of the Garhwal Syocline
near Singlali on Rishikesh — Dev Fravag
road (Mehroten o of, 1976L  Following
tasa are described and illustrated
Gpsipacadivee  bollerapliontly  (Rathpleitz)
Fia
@, sp. ocf. G, wodosum Ogtlvie-Cordon
Permveatewys forceplams (Johnson) Elliott
Paracigeles =p,
Amatelipers  singtallensls Mehrotra of @l
Clavaphyroporells  elepantonmfatz (Endo
& Kanuma) Endo
Enpaileling sp, of, E, andulara Endo
Eplmartoparg sp,
Gproporelfn  grmmeirica Jehnson
Mizzia velebitea  Schulbwert
Ofgaporells nlpponics Endo
Frewdoepimnsiopars - krivnessamyi  Mehe
ot ef af.
Anchilcolim 5.
Fikcoracodium tronversuwt Endo
Ortonella gractlis Johason, and
Swreadiven Mkoreeofder Endo
Just Tike Kaoliw (1978), Melrotra of of, (1978}
alsn helieve that the Manikol Limestons
algae are sugpestive of o Permian age.
According 1o the latler authors the preséncs
of Mizzfa velebitamg  clearly indiciates &n
Upper Permion Age. This created an ang-
malous situation as HIl then (he ape of the
Tal Formution was believed o be between
Trgssic and Cretaceons, To counter this

fikarmi
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anomaly Mehrotra ef ml' (1976} came out
with an interesting ]pntl:lws- that “the
Giarhwal Thrust pmhah ¥ passes below the
Singlali Formation and that the Singtali
Farmation {;J. t af Tal Formatwon of
carlier workers) should be incloded into
the Lower Binji unit of Ravi Syaskak and
GanesHad (1973). However, Kamar and
Drhanndiyal (1950, p. 65) consider that the
limestone at Ejngmll- is of the seme age a3
the Manikot Shell Limestone,

Bhatia (1980} has analysed the taxonomy
of algal forms reporicd by Kalia {1978} and
Mehrotre ef al. (1976), From his. report it
wolld seem that there are only Lhree species
of algal fossils, Rest aré animal Fossils,
The alpal species recogaized by Rhatia are:
1. Archarallthotarrdion sp.

1969 Fithorhamnivne wilkantfemfs Towarl

& Kumar, morier midier
1974 Mixelfima sp,; Kalin, pl 1, Az 3,
1976 Porechuacies ap.: Mehrotra et oal,,

1930 Arc.&wrai'rhmfuwnfmn ap.t  Bhoti,

fig. 3, p. 6,
2, Halimeda sp.

1974 Neoschvivsering of. N, eroticilifera
(Schwager): Kalin, pl, I, figs 46,

1976 Hikoracodium |.|'r-,gﬁ-.lr.rm' Endo:
Kulia, pl. 3; figs 3, 4.

1976 Gymnocodium elferophomtis (Roth-
pleitz) Pin, 1920; Mehrotro of o,
pi. 1, Ag. 1.

1976 Gyemocodiun cF. wodover Ogilvie=
E“"j”m Mehratrn of o, pl 1,

i

1976 Claraphysoporella elegontonnalata
(Endo & Kanumo) Endos, 4961:
Mehrotra et al, pl. 1, fig. 8.

1980 Hallwreda spo: Bhatin, figs 1, 4o, o

J. Neomeris 5

1976 Prewdoopimastepora  of.  Keang
(K ochansky & Hernk) Ellioti: Kalia,
pl. %, fips 7, 78,

1976 Eo ina ol E. wndiwlale Endo,
1957 Mehrotm of ol pl. 2, fig. 14,

These algal remains alongwith animid Fossils
such us, Mllepory, Diploravy, Corymbopora
und echinnid spines are said o indicate

Maestrichtion-Danian agefBhatia, 1980, p. 94},

FALYNOMORPHS FROM THE HIMALAYAN
ZONE (LESSER FIMALAYAY

The frst microfossils from the Losser
Himalaya woere reported from the carbonn-
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ceotis shale assumed 1o be belonging Lo the
Krol ' Series’ (Sitholey of ol 1954), As
the Krols were Ul then undersiood 1o he
wlally unfossiliferous, there probably was
o nagging doubt in the mind of the avthors
pbont the genetic relationship of this carbo-
naceous shale. )

The aren wus therefore revisited Iwice
to pecertain The exnet source ol the carboni-
ceons shale,  Actording fo Lakhenpal of mr
{1959) the carbonnteous shale is expabed
in n poleh where the rock sequence 18
disturbed by local slips and displacements,
*The shale bed is infercalated with bluish
limesione and purpt-',, groy and green shales,
These beds averlie quul‘tzllr."! il j_.l'l.'-'_-.'lf-h
slafes exposed plomg the rosd cofting near
the mnin boundary faolt sepprating these
elder Tormations froms the Tertiary Nohon
sandstones ', They pliced the carbonae-
ceous ahale in Kol A, However, loter
author hive placed the carbonacrous shale
in the Tnfm-Krol (Fuchs & Sinha, 1974;
Bhargava, 15749), _

Whereas Sitholey ef al. {1954] found only
g fow dpn!:.'nnmﬂ-rmrs plonewith pieces  of

tracheids wnd cuticles, Lakbkanpal er ol
(1959Y listed |H gpecis of mio 4, one
seed type, and 4 types each of tachelds

end cuticles, Sah er ol (1963) remvestignted
thie mioflorn and recognized 13 genern of
palymomorphs,  Unfortunalely they didd not
g inky Bonomy 4t the species level,
Fallowing is a list ol species identified by
Lakhanpat o af, with nomenciatural changes
and modifications by Sak ef af,

Lakhanpal & el 1950 Sah @l 1908

Calamurpora ap, Cirlramu T
Planisporiter parens Apicwlatitperiies
Dictvotelfetes wp.

Laeviprtispilies mier Larvipahoiror ties
Srvfeifiey rewgrali Shrianiies

&, R Srelaatier

& Ausoreeen
Serlatirer sp.

Lawatinroriies sp. Selninpivefies op.

Striutopoducarpiies fws Sermierapries
K. pemilviriee s s
Firpospariips prefenlsf M-I-Ifl'#:lrd:ﬂ-ﬂj
F_ (Floriniles) overus Kulearliparires
Srectnetizpenites avalis
Allyporites pluseslvssconins Alxpresiites
Pletysaiun Sewalr L
P, erarrimeprrinriur Trmispora
Plagpravews 5z,
Paf ey
Falfzinteng qoriter
ef. Eohizopaills
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According to Sah er @ (1964} the assem-
blage is deminated by non-siriatc bissccale
polien. This plus the presemce of the
genci  Vofiziaceavsporiiey  wnd  Triouizpora
lead them to presume & lowermost Trisssic
age for this proflora,  [o ite loaks the mia-
flora is sirikingly simular o thot of the
Runignnj Formation of penmsular India.
I, therefore, decided to venly The wxonomic
identifications, Unfortunately 11 wouldl
stem that the materal and the slides bave
gither been misploted or lost and sre not
aviilable for sludy,

In this connection it will Be 0 onder o
recollect thut Tewari and Singh (1980) have
deduced a Permian age Tor the Infma-Krgl
on the basis of @ varied megaflora collected
by them from the Infra-Kreol sediments of
Lhe .Tmlikm-ﬂhuwlj section.  This find Fead
Lhem 1o postulube * that the lower e Limit
of the Krol Formution cGannol go beyond
the Trimsaic period as the immediatcly
ul!dl!r[ymﬂ; [n.rn. H,_rnl kﬂdln'rr:nt! afe :Pq:uu-
fively of Permun ape’. | do nol agres,
To say that the Infra-Krols are of Permian
age i nol sufficient o postulate on the age
of the Krols, Weshould Know which stige
or which poart of the Permian is representod
h:.r the Infra-Krals * IF the st of me
Fossils givin hy Tewad and Singh (19805
is twken at its face value then the assemblage
miay nol be vounger than the Lower Permian
meaning thereby that the Krol sedimentation
storted within the Permion, Bul one sol-
Ip;h' r.npq-rl: can nol hc Lnimr: s o b..ﬁl!. fn;rl:'
u:mgnrn.[.': ape L n complete unit.  One does

wish That Tewan ﬂl‘l'il- Singh had given the
exact geographical and slr.g raphical loca-
tion of thelr specimens.. The megafiors

n:]'m'r!:d h:,- Tewart and Elnl'gh could have
come fram the same hed feam which Sitholey
ef af, pol microfossils. In view ol great
importanee of the megalossil find the speci-
mens should have been describod  and
iHusteated in detail and with precision,
Publicalion of Emd illusicotions can not
bul be overemphasized because nol every
body peis o chante lo have a look at the
original specimens  for  verification  of
taxonomic  dentifications, For example,
Shrivastava end Venkataraman (1973) have
repored o micfom from the Blainis and
assigmed it g Corbaniferous age.  Howewer,
reproduction of thewr photo-illustrations is
sich some of the formd look those of the
Mesozoic  Cirenfine-Clessapolls comples.

2y

Had the ilusimbions been pood there would
not have been o doubt,

There are o coople of reporis on Lhe
coecurrence  of  papnolosils in the Krol
sediments.  Tewari (B reporied manng:
fowmals from the conlnct of Kl B oand
Krol C of the Solan arca.  Sinha (1973)
reported the presence of panpolpssls
the grees shale of Krol B exposcd in the
soulh-eastern Mank of Pachmundie Sypchne
near Solan, Himachal Pradesh. He identifies
the fallowing typos:

Srpolivhin concimee Martin

Tetrpliteny sp, el T gothfeus Deflandre
Lncinmar ix ovenyi Deflnndie
Micwly stuweoplora Yekshing
Lithraphidites - carnlalenily Deflandre
Dizcurkatahs s,

Deflandeivy ap,

Tg.l-gﬂ.'.r.l'rﬁ'u mmargerelt (Woel) Reins, and
Microriibhdiy orbifons Shumenlko

On the basie of the oceurrence of the above
nanmnolossils Simba (1975, p. T3h sopgresis
“that the stratigraphic range of Krol B
horizoa extends from Osfordion (J,0xf)
to Danion {Crain)’.  However, from ihe
chart showing stratigraphic distnbution of
different specaes (Sinba, 1975, p. 76, hig 5)
1 s clear that the age of The manmofossil
psemblage under guestion could only be
from Conlacion to Companan.  Hul, the
Himalayan question i3 how many of these
forms wre really nunnofossils § According
to Jufar (19800 * Among four forms docu-
mented umder the high-power Tight micros
cope, only single one s penuing bul indefer-
minate cocealith; the biopenic nature of
olher three n::u.uilm doubiful, All the three
forms: dpcumented wnder the trpnsnmssion
aleciromn mi.-::rnﬁcnpu ire True coccoliths ot
only o simgle formi permits specific identi-
Fcation with Known range of upper Titho-
nian-Campanizn .

Gihosh and  Srivistava (1962} repored
palvpomorphs from the Infrm-Krol, Krol
and Tial formalions. The swmples cxme
from the section along Ragpur-Musioorie
Mule Track, but they hiave not given the
exact locations of their samples. They
referred the palynomorphs to the Tamilies
Schizacacone, Polypodiacene,  Selaginella-
eaz, Podocrpicese and Pinaceas, How-
ever, Trom the photographs these forms
sqem to have o three-dimensional Lgore
on 4 scgle much more than | have ever
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observed in Palacozoic or Mesozoic palyno-
morphs.. By relerring these poalynomorphs
to extznt femilics ol plants, the authors
have, probably uninlentonally, projecied
the true picture that the Forms are eonty-
minants, either from recenl or Suberecent
depiostis.

ceently Geolegicl Survey of Indm {in
Roy Chowdhary, 1979 huve reported plant
microfpssiis. rom fhe Krol and the Tul
However, as no dq&.:.ri]:l:jnni ar illustrations
are given the report 18 prsented here for
whatever il is worth.

The Lower Tal shales at Durmala, Mus-
sgorie Synform, Uttsr Prodesh contain
muinly algal wnd fungal remains, hystricho-
spheres, some pooilurchs and o few pterido-
phytic spores: A Tew tricalpaie grains with
faint colpi have also been found. The
microflora is ssigned a post-lurpssic age.

The Lower Tals st Maldeoti, Mussoorie
Synform  contain  acritarchs, spores and
pollen gruing, Tungal spores wad wood fra-
cheids with simple g5 well ps bordered pits,
The taxa are:

Baltisphaeridium, Crossosphoery, Cyma-
Hosphaera,  Orowedivens, Laiosphaeriite,
Miceloyseriaiann, Tammandtes, Loevigatosponi-
fex, Polypodiites, Schizacoiporites,  Fordo-
momolites, Teiletes, elc,

Bizaccate pollen allied to Podocurpeceac
and tricolpate priins like Castoned are most
significant in this assemblage. An Upper
Jurassic-Lower Crelacoous aps s assigned,

THSCUSSTEN

From the loregoing it is ewvidenl thal os
Far gs Mesoroie Palicobotany of the Himn-
layas is voncerned, not much work has been
done and whatever has been done, moest
of it is open to doubt or to more than one
interpretation. 1o the Tethyan Hinulay, of
course, we have the satisfaction ol lnuwlnli[_
thiet undoubted meguplant remaing o
Mcsczoic mge do potur, The reporis of
Messzaie plant mictofassili in the Tethyan
Himalavan Zone are also relimble, though
there definitely is some reworking. T
genetic affinity of the Tethyan Himalayan
sediments, however, i & different maticr
altogether, 1 agree with Barnle of al. (1978)
that there are no compulsive evidences o
helieve that the Kagbens florn bas g Gond-
winlc affinity, Similarly I find no evidence
to guide me to believe that the Ladakh
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megaplont remains or the Maolla  Johar
mierallorn has exclusive Goadwaman rela-
tionship, But all the same these linds ane
imteresting wnd most encournging.  These
suggest that Fossils are there for one wilh
i will ta nd them.

Ay far us the Lesser Himuloyan Zone is
concerned, the sitpation & rather comples,
There is a8 vei no concensus as 1o whelher
Mesozore sedimentation took place in the
areir of nol.  Usunlly MNogthat, Blaini and
Infri-Erol woere consesdered ta be of Palaco=
zoic age, while Krol and Tal were tnken as
tepresenting the Mesoroic sediments.  OF
corse  [ossil finds have beon  variously
Interpreted Lo suil one's own ancy abaoit
the sge of the Krol and the Tal formptions.
Some cxamplss |

Lakhanps]l of wf. (1939 palynologically
dited the Kral A carbaniceous shale ol the
Mainits] areq (laterly supposcd Lo be within
the Infra-Krol) a5 of Permian age. A
resiudy of the semie sluder doggeited p
lowermast Trigssic nge L Swh et of, (1968),
Meanwhile Ghosh and  Srivistava (1962}
had earhier dated Krol A and Kral I as of
Triassic age on the basis of certuin pollen
types, wlich 1 am alaid have been derived
from ricenl or subrecent sediments.  Sinha
(1975) believes that the Krols may be even
younger in age and that the Krol B red
shale extends from Osfordian to Duamian,
On the other hend, there are reports of The
cecurreses of middle Riphean colummnar
stromatalites in the Upper Krol (Singh &
Bai, 1977) Lo the occurrence of Mississipian
stromatolites and Precambeiin algal once-
lites in Krol D (Bhargava, 1979),  The whole
situation is confounded by the reéported
fatlure of Austriun palscontolopists o find
any thing hot ° primitive * forme of Do
strutigruphic significance in the Krols (Fuchs
& Sinha, 1974), It should B¢ remembered
here that Lukhanpol ef of. ((939) and Sah
pf ol (1968} also could nob recover wn
microflora Trom the Blaini Boulder Bed,
InTra-Krols and Krol of the Siemue, Simla,
Chakratn, Mussoorie and Nainital aréas,
excepl for thal ooe lucky find, from near
Brewery,

Situation 15 nol mech encouraging in the
Tals too. Ghosh und Srivastse (1962)
idnte the Lower Tal s Jurussic on the hasis
of o single “schicacaceous’ spore which
most protably belongs (o an extant plant.
Shrivastavi and Mehrotm (1974) report that
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they have found some angiospermous pollen
in the Lower Tols and kence these could
be a3 young o Albian-Lete Aptian. Kalia
(1974, 1976) und Mehrotru o al. (1976)
pul up a sirong case for an Upper Permion
age for the overlying Upper Tal. Thus,
we had g siteation where the lower sedi-
ments were seemingly vounger than the
upper sediments,  So, Bhargava (197%) came
lir with an orighnal idea that may be alver
wll the Fossils reported by Kalin, and Meh-
folry ¢f al did nol orginale in the Shell
Limestone but in the allochthonous Boalder
Slate of the Bijni Unit.  Thos il we accept
Bhargava’s opinion about the Sholl Lime-
stonme fossils and my own views ghout the
Cihiosh  and Srivasinva mjl:l'l:llrlnn:r Lhen
the Tal become devoid of any known plant
fossits,  But, Bhatin (19800 would like us
Lo believe thut only iFthe fossils were correctly
Ideniified there would not have been an
incongruity about the sge of the Upper Tul
which he feels: iz Maoesteichtian-Danian.
On the other hund Kumar (1980} opines that
* some part of Tal Formation may be Pre-
Cambrian in age'. His opinion is based
e the report of o stromatolitic limestone
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fram the lower part of the Tal Formation
u‘.lii' Pasi Tiba, oear Mussporic {(Sharma,
1974).

From Bhatin's ( 1950) discourse one point
CMETEEE Wery d'tﬂl_'im'ﬂ:r ihat im the Lesser
H1ma1:|.:g-|:| thi p.ula:.:mhnl-r_lgj'iﬂ are having
diffsculty in deciding lindamenil guestions,
such ns whether o * fossil * is uctually a fossil
of not, dad iF 1 5 a Tossil, whether it 15 40
bl Tossil ora plint fessil,  Here | have
in mind Mihol pnd Chatorvedi's Sodeno-
poraceie, Kalin's fusilinds and alpae, Meh-
rodrk of ol"s glgae and Patwardhin's mora-
viemiminids, Sinha’s nannofossils also come
within the nmbit of this comment.

Sccing all these pitfalls, | feel that in a
|::|r|:||'.'|li|’."h1£d afedi [ike [he Hihﬂ.dw_m.. l;|l1]j||'
# multidisciplinary  eopceried  effort  may
tike us oot of the Lesser Himaluyan tangle,
It showld ivolve @ farge scale remEpping,
establishment of type and reference soothons,
systematic  gollegtion  of  steatigraghically
located samples in o peedile, Tool-prool
laboratory processing and n little conser-
vilism in arriving ot conelusiens Al the
reported fossil finds must be verified ot
more than ane lnboratory,
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firtal Sahm Institiete of Palaoobotomy; 33 Universty Boad, Lucknom 226 007, Todis

ABSTRACT

paﬂer presenls a eritical revlew of The Tertlary plant megafossils Trom the
H|I'I'|..Ikl!|l1.l. Fafling within the Baélan Wwerrftary. T he Naoral .'.tHEI:nkII cen b mnwmlum]r
grovped inla Ui (] The pre-Shealik Bora, apd (0 the Siwahk Borm, The frﬁ-ﬂindi
Tertkary planis ard gl vid angd comprise manoootyledonnos keampressbons
naabgned 10 the peacra 5 rer (pslm of palm-like leaves] and  Moociies [grass-like
Teaves), and a lew dicoiyledonosus I.an'vﬂlplumd umider the genus Dikeriopdy fue,. Tha
Stwabik flom, s far known, copsigts of both morocobyledonois and dicotyledonomss
leaf-impressons, pelrified woods, 0 few seeds and some foesh water nhgol remains be-
Lenging 10 Cheraphsta,  The _p4|..v:||:~al coiaditiome wrowengd the aren ol deposinon of the
plants have been discussed beiefly in the kbt of the distribution of Uiy medern cgui-
valents, The sope and Lhe imporiance of furtser sludies of fessil planis of the Himolaya
have been discussed.

Krmirads — Megafloristics, Palecoscology, Teritary, Himaliva (Lodkas,

A
tgmn @ Firew Wi THOTeNeR oW et - e o)

wept e B fgmw & owreeda i oars gifee ol e o asmofresT
W T f1 wEeEwy St 67w ¥ oo wl - (w| pE-fonias s, e
(wr] frotaw TmiEE—-§ T A A o piEmiEE § o i s e
im0 T TR T AT (O AT afeut| T ST (| e
sfasl) e warfl & oareifen odraee ot aa anEifedfeeas SWiH 8 O
i -mi g Bfwis afoe ofedm §) oit o g Tewrfen qwerfrans 8w
v fpframt i-Td, owigT e, §E Ay sw SirmEen b oaeefun g sl s
" Afwtes B0 TR ¥ aaws e W e eger & vy g e ¥
9 & aErgm &7 et qfvieregt wfES AW T R oW oef §) fmIe & o
TR W ETE wee &g oF oy o e fERoTT g

INTRODUCTION sequence {Eocene) consists of marine fucies,
whereas the later parl is characlerised l'.ll].'
N the Himalaya the Tertinry rocks of estunrine, fuviatile aod lucustrine d
I stratigraphic  units  are  found formed during intervals of different p
thruughuu: it Tength., extending from  of the Himolayan upheaval.
Monga Parbat in the west to Mamcha Barwa The first information aboul the ocewrrenc
Peak in the emst. The early part of the of plaat fosils in the Tertinry sediments of

*Paper peesented il the XI Himalovas Geology Seminar on Palieoalology and BRseratigraphy ol
the Himalava., Deliradun, oa 26h Movember, 198k
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AWASTHI — TERTIARY PFLANT MEGAFDESILS FROM HIMALAYA

the Himakaya dates back to 1864 when
Medhicott in his memeir on “ The sub-
Hirmafayan moges belween Ganges and
RBavi™ meontioned the occurrence ol leal-
impressions in the Masauli Hills. In sub-
sequent years vartous other peologists also
poinied oul the prescace of petrficd woods
ord lepfimpressions o the Siwalik beds of
the Tool=hils. [n spite of (he suficient
information available, the Teriary plants
ol the Himalayva remained almost wilnvesti-
galed until guite sometime back. Perha
this may be duc to (he facl that the main
inferest of the earlier workers had becn
the study of the DPaccan Imterirappean
florn, being the oldest wnd the best preserved
of the Indian Tertiury.

During (he last two decades detailed
mapping of the Himelivan reglon, cspecially
thefoot=hills, done by the Ol and Natural Gas
Comenissipn for uxlrllurulinn of oil and gas,
has provided ample informotion regarding
the occurrence of plont fossilsin the Siwalik
beds. This was substantiated by various
Fﬂhcuutu]ngi:l!r who, in the quest of animal
ass s, happened to come pcross The [ossili-
ferous outerops (rom Gime 1o time. In
recent  years ablempts have been mode
succeslully to codlect nmd investipale syste-
maticully the Tertinry plant mepafossils of
the Himokova by variows workers, A eritical
review of the plant megafossils, 4o far known,
iv presented 0 the presen! paper ineorpos
rabing all the wpvwilable informotion with
regarsd to the Fossil loculities nnd plants
preserved therein,

FLORISTC COMPOSTTION

The floral ssmemblages from the Hims-
lavan Tertiary sediments cun be conveniently
grouped nto twai (1} the pre-Siwalik flora,
and (i} the Siwalik flare.

Pue-Siwacie Flons

The pre=Siwilik Tertiory sedrments m fhe
Lesser Himakayan 2ene of the westzrn
region  constitule the lower part of the
Cenozroie which ineludes Subathu, Dazshai
and Kasauh formulions, fanging i uge from
Malacocene to Miocene, The Knsauli Fors
mation o the THuiramsaln area ol the
Kangm [Jistrict are clossified as part of the
Drharamsiln Ciroup, whereas in the Jammu
pres these sediments comstitute pust of the

LE

Murree Group, In the Tethys Himalsya
they are represented by The Nummalitio
Limestgne and  associated rocks in the
Upper Ladakh correspomding b thie Subathu
Farmation [Eocene] woverlmin by Ladakh
Molusse helonging to Oligo-Misccne

The Early Tertiary scdimenls belonging
to marine facies are poordy represedted by
lant mepafossils. The only Fossil plant

itherio known s on algs, Ddhepereifa
arelobividides (Foshe) Foalie belonging te
the cluss Rhodophyia, described by Pal
and Chatterjec (1972} from the Nummulitic
shiles and lmedones of Palaeocens 1o
Escene horizon of the Mohe ond Nida
Yallew, Ladakh.

The plant megafossils of the Iater part
of the Pre-Siwalik scdimenis comprize dico-
tyledonous  and monocolylcdonoos  leaf-
impressions which have been reporied from
the Kasauli Formation, The ¢arlicst known
fossils are some leaf-impresions of palm,
collecied by Medhcolt (1864) from the
Kasaoll beds of the fype arca Kasauli,
which were briefly described by Kane (in
Medbicaty, 1864, pp.o 97, 95) as of, Flabeilaria
vl Sthg,  These were luter fipured
and referred 1o Sabal mgfor Heer by Feist-
maniel (183, figs 35}, In o pesthiumonsg
paper, Sohno [(1953) deseribed: theee dll-
preserved  dicotyledonous  [eal-impressions
under 1h¢ morecommiitnl penus  hcosyis-
phpttent urd a parallel fibbed impression
probably belonging to u fun pabm which ke
collected from mear Kasauli club. In 1he
same paper he reflaured Sabad maior (Sahni,
1453, pl, I, lig. 1), Agwin m 1964, Schoi re-
noried the pbove palm leaves as Sebofiey
ericrophivlls and Sabalites sp. (32 Table 1),

From Banpg Grahal on the feft bank of
Koshalya River, another fosail locality in
the Simla Hills, Chaudhn [1969) described
g lew bodly preserved leaves which he has
referred to palims and dicotyledons in pencral.

There are a few preliminary veport on
the ococurrepee  of phnl-remains in the
Dhummsalp beds of Himachal Pradesh,
Ghupig and Jiwin (1972, in o nole, reporied
kome lenf-impressions Mrom near Namhoel,
phout 26 km from Bilaspur on Bilaspar-Simla
Roud. They wdentificd one of (he losves as
Firuy owe, bt no description and photo-
g‘m]l;llﬂ hive been given.  In his book, Gupta
(1978, p. 36} has mentioned that the mona-
cotyledenous  leaves  (Palmophyilum  spp.)
Dicoydopielivm and woody ussues ure also
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TABRLE 1

Fomsir,

ALGAE

L CHARDPHYTA
I Dradspdtichira o 6. cplincdrica
iMiaslier) Hiawn al Rante.
2. Giramidagisichirar of. 7. formaia
[Beid & Grovesh Hofn af Rantz.
¥ Marrinchera <l AL sl fiveils
(Reld & Growesd

Il RHOROEHY COPHYTA

o Litkanoreiio FITEA TTI T el
{Frshiep Fosdie

ANGHOISPFERMS
Maomecaty babons

I. FALMAE
1. Sabal sp.

2. Sahalile:
§1] Lm;m.-h rirpihis

Sl it I'lel: in Medli-

_oolt, 1H
(E) Fabad ger, Felis

ﬁnﬂtd 1B&z, flg. 3: Sahni,
5, Butaliier ap.

{1} Leaves fin parit of. Flebel

ol Hthy. Kaoe
I, 1864, pp. 97-09
(i} Sabad  amgfor  Febtmanted,

I1BRE, 1. 5
- s 1, 2.,

5. Lesl Frugment of. I'nim

IL INCERTAE 5EDIS
B Plicated potalld veined  |eof-

7. Poocires Rajoorieus
Dot ylodans

I. MORACEAE
1. Ariecirmar e

1. I'_HI:IHTAE SEDIS

shalya Kiver 'hmt

-PLANT MEGAFOSSILS FROM THE PRE-SIWALIK SETMMENTS

Localrry HomEss) K EFERENCE
Foamamos)
SERIES! B TAGH
Murpguanos, neus Kaorgll, Wokka Formg- Teward & Shafina,
Eh HEsT 1720
do do da
L) da dao
Blahe und Nils Vals Nummilitic Pal & Chutieriee, | 9TH
lew, kh hale and
Limaatones
[ Falaeacene-
Botwoen Kargll asd Ladakh Molssie Drew, 1875 tin
Leh, Ladukh N Toward, 1962)1; Sahnl
& Hm{w 1956
Kasnuli, H.P. K asauli
Megr Chalkotl (Kashr Murree asd Sahnl, 1964
an e river  Kasaull
Jhelum ; Kazauli, H.P.
Hanong Grahat, K- K L Chnadhry, 1968
m&. Rivee haal
Kasauli, FLE. Kaszull Sahni, 1953
Kajaari, J. & K. Murres Sahml, 1958
Under b0 Hﬁdf ot Mioree Bahini, 1954
Rajaori
Limmwali Ban, Soatlkal  Murree Sharma &' Tuoptn,
Thadmandi, Kajaon 1572
Dist., J. & K.
Kaanuli, H.P. Kasauli Sahal, 1043
Bunong CGrahat Kaazull Chaudhri, 1969
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found in the Upper Drhammsala Sub-group,
but he has not given the locality as To where
from \hese plants were collecied,

In the Ladakh Himalays the pre-Siwnlik
sxdiments havis j-'itlliell n fow mrp'l'un:'[:.
Palm leaves referred to Sabal sp. were dess
cribed carlicr by Drew in (875 (in Tewari,
194:4). Lnter, Sahni and Bhatnagar (1958)
also reporied & similsr Tan palm leal referible
to Sabal spo, along with fresh water molluscs
from  south-cast of Leh and  conchaded
that these fresh waler deposits belong Lo
Eocene. However, Tewnri (1964} regirded
the ssguenge of these deposits o Ladakh
Maolasse which are of Miocene in age.
Quite recently Sah and Sharma (1980) also
reparted a palm leal from Hemis conploa-
merate (Olizo-Miocenc) of Ladokh, From
the freshwater deposits of Wakka River For-
mation wenr Kargil, Tewari and Sharma
(1972 described 3 species of Charophytic
gyvrogonites and ploced them provisionally

under the genera Grembartichans and Hoared-
Scfrra. ese were found I association
of gestropods, verlchrale remains and

dicot  leaf-impressions. On the basls of
these [omils they lurve suggested ihe age
of the beds pd Oligo-Miocene.

From the Jammu and Kashmir Himalbya
g fragmenfary palm-ike leal having several
converging parallel  veins  undeubledly
h:fﬂltﬂlng to Tan palm was reporied by
Sahni (1964} from the Murree Formation
[Lower Midgcens) near Chakoti (Kashmir)
on the River Thelum, aboul midway between
Rawalpindi gnd Srinagar. Heé (S nf.]?ﬂ}
nlso reported pross-like leal-impressions o
unknown affinitics from Rajaord and mamed
as  Poaciiex rﬂj.'.lrl.rfrn'll'x and Popcites T
Im 1962, Sharma and Gupta ':'Erm-r'[ﬂ:! B
leal-impression as Arfocarmes mureeecns Mrom
the shale beds exposed neiar Liranwali Ban,
south of Thanmandiin Rajaori Discrict.

In the novihcastcen Indin the Tertiary
rocks of the Arunpchel Prodesk Himq.h}'u.
were considered to be unfossiliferous until
sometimes back, However, recently from
the Eocene beds of Dikang Valley in Siang
District, Tripathi ef al (1979) reported the
cecurrence of o leaf-impression assigoed bo
Apoeyaopllla sp. and a few Fruits referred
to Camavalle, Hicorla, Grewlopsin sp, and

Regarding the identification of
thess fruils nothing can be swid since they
mre not accomprnied by deseription and
figures,

157
The Stwarike Froes

The Siwalik Group consisis of Tresh water
sedlunentary rocks of Middle Miocene Lo
Lower Pleistocene uge, massively developed
nll nlong the Sobh-Himnlaya from Polwar
Platean on (he north-west o Bruhmapuira
on the north-cad, covennp o distance of
about 2400 Km in length and 20 1o 25 km
i width,  The stratigraphy of the Sowalik
Group his been worked out by several
geolopgists from time (o time.  Pilprim (1910)
E_rupnm:l the follpwing clasibesiion of the

iwalik Griroup on The basis of thology and
palacominlogy, which has beem Tollowed by
Swhni and Mathor (1964) and other workers.

L’pp!r Siwalik E.!;n,lfd.:léc;lnllu.m:rud: Slage ‘|__ Phelsto-
4

Finjor Stge cEne
Tatrist Stage

Miaddlz Siwalik Diok Pathas Stage ¢ Fliocene
Migri Srape

Lower Shwlik Chldap sluﬂ MEldie. o Upper

K xmkal Siaps f A iocame

The racks belonging to abpve stratigm phi-
cal units have been found very rich io animal
as well as plant Fossils

To hegin with the plint fossils of the
Siwalik Group the Jammu gnd Kashmir
Himalyye have beesn tnken first. So [ar
only - few taxe gre Koown Trom this region.
Bahni (1931, 1964} reporied For the frst
time twe petrified palm weods and pliced
them under the penus Polmaxvlen,  They
were colledted rom the alluvial boulder
deposits (Upper siwalik conglomerate) near
Jammu, He also described & gprass-like
leaf, Pagedier siwalfcus, from the Lower
Sromhik {Palandri Formation = Chinji For-
mation) nesr Poonch, Jammu and Kashmir,
Simce then perbaps no further record of Fossil
plents has E::n made from his region.

OF the Siwalik beds extending  from
north-weil to north-gsst these exposed in
the fool-hills of Himachal Pradesh and
Uetar Pradesh sre perhaps the richest in
plant fossils. During the lust two decades
i oumber of fossil focalities have been
explored und wvalunble contmbutions mode
i The knowledge of the Tertiary palaco-
botany af the Himelayn by vunous workers.

From o smull patch of Lower Siwalik beds
exposed al Bolugoloa near Jowaluomukhi,
Lakhampul (1965, 1967, 1968, 1969 and
Lakhanpal and Dayal (1966} described
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Fsatg,

ALGAE
CHAROPHYTA

. Charo comirela fimin e Kaetr,

200 reersend (Tewarl & Shorrmad
emend. ffhatin & Mathur

NITEHIYEN -

{ivprtvastickary  rioerrieal Tewari &
Shurma

rematichans Bharkyl Tewad &
Hharma

Terfochar rinfarica Tewati .o
Shiatmea

Terdorharn of. T efluwions Tewwrd
& Sharma

X O e siea effvdlmrsty sabesp,

4, . Swmjmivdon (Tewor] & Sharma)
Bhalia Mathuer

Synoaym:
Cleardres  auralmeres  Tewarl &

Shnrmea

3, Chavy reelmrsfer (Sraulb) Hom, af
Ramncr,

. Eheerr W

T Cherites e
B, Ehaeivor sty
3, Horpirhors naavlavi

Bk, Rusd savching sursiiepirine

1. Enfgerochmns pall (Linger) Flvmn, af
Ranrsz,

12 &, dewmrid

11. L. i
145 Spwacrochars sp.

15, Tectiphare wreriomd el Papph
) ramdhast

P&, T meriael Soaned (Lu} Wa
17, F. amhali .
1%, Tesrapihora an.

ANMGICESPFERNS
Melimiecoby bedons

1. PALMAL
. Batuvrelom ummuense

IB avelial

I, SMILACATEAR
3 Siflrr wp

Liwzalrry

Mear Chandigarh
ilix

N:ﬂr l‘lnul.l r, Kap=

Igur Ehlndlnrh anid
Lrnaminda, abwoui & km
MW of Pisjor

Fuugﬂirl. Turkpair,
Mear Chandigarh
Neat Chunidlgirh

Punyepitl,
LLP.
Mear Chandigarh and
Dhamala, near Pingor
Punyagirl, Tanmkpsr
Pﬂngqiri. Tunakpair,
Chaul ;Lput. H.P.

Tk,

o
Triloknath and Bbaril,
H.F

[Ealgtpur, Tralok-
mathy angd Kutla,
H.P.

Triloknath, H.F.
Triloknath, H.I°,
Triloknaih, H.P.

Towl  Klver, mear
Jarmmu

Torarsgirl, left ok
of Twwl, opposiie
Jaimiaik

]'!a..u;ud-n r.'I':.'H.'l-
tamulkh H

Homrean| Rirrapsc
For s T
SR RTAOE
g fhatin & Mathur,
[FE] ]
Tadrrd amid i
Pl
rhak Pathon !ﬁ:}jllu &  Pelaibar,
Fatroi I i
Kumlial Lukbunpales ol 1976
Tafrol Illgl‘:#ﬂrlu & Mathir,
Pl Tq-::q.l'rl & Sharma,
i
Kimlial Lakhnnpaled ol 1976
Pirdnr - nif Bhutly & Mathor,
Tairoi [97H
ikl Labkhanpleial., L9706
K amlinl Loktnnpales ol 19
Crhiok Paithan Bhathi. & Malharg
1978
dao di
Chimfi -4+]
Dhok  Mathiin di
and Chinji
di &
di iy
dn iy

Riwalik conglo-  Sahob, 1931, 1564
MmiTnie

Sahed, 1931, 1234
L. Siwalik

Lakkanpal & Payal,
Li#ah
v bl
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TARLE 2 — PLANT MEGAFOSSILS FROM THE SEWALIK SEDIMENTS — Coned.

Fomsim. LOCALITY Hiomzzos/ Reruriocs
FORMATION
SERIEASTAOE
I INCERTAE SIS :
Foariley vhwelioes GaralaGornh  Boad, 1. Swalik {Pal- Sahmi 1964
ﬁmﬁ v Poonch, andri Marl)
Paacites sppe A-C "h-car Jawnbarau ki . limji Makthir, 1976
Dhigedy kedons
1. ANNDNACEAE
L. Fissintigeg rend ﬂa1ululfll-:-h||;unuwm- L, Shwatik Lakhanpal, 1269
kEhi,
2, Pelyaltbloxyion e Kalagarh, U.F. do Prikash, 1978
. PTEROUCARPACEAE
I, Andsngrerovdva fawalmmuk bl ﬁmngmn.}r?r Jawa- M. Stowalik Cihosh & Crbaah, L35E
4, A, kalagarhends Kalngark,, U5, L. Siwalik Prakash, 1978
T iWpreerar oo an - wvalione K e hlr-]q.pmnr Maln- dioy Prokash, 1%73
6. I, il erie et B -|:||',: dao Prokodh, 14973
T d} prewacrecir i da do Prakash, 1975
8. D, paratunsTi Kalagarh, TP, o Prakash, 1974
B I mmgarenti HH?ET*JH“M K ala- e Trivedt & Abila, 1980
ur. ¥
1. . mrangred I-n' Inparh, UL da Prakah. 1981
LL. MHprerocarpaysion-sp, hl'llﬂhr"l-ull.l}mr Dizhra- M. Siwshk Rawal, 1964
i, LLP
12, Shaweciaiion onsarin (T rivel] K;luarh. e, L Siwalik Prakash & -Bande,
& Ahojn) Prakazh & Hande 19R0;  Trwvedi &
Ahaja, 19T
Symonam:
Pemtaeovedwylivn ormatum Tri-
verdi & Ahiia !
LY, Farerlanvlon Galupackenie Kalagnih, 11" L Siwnlik Triviali & Miara, 1980
14, ¥, awbocenvowm Kalagarh, LI.P L. Siwalk Trivedi & Mera, 1950
TiI. ETFHL"LI‘LIACEAE
1. Srerewlfovelow bnkyoriene Kalagarh, LT, L. Siwalik '.Il'gn?v;dl &  Albwjia,
b

IV, MELIACEAE
L6, Sfdivoembedfre moihogeomles I Koo, Handwar, léli'l:w.'l'rﬁl.ﬁwr Wermna, [56R

1

It ﬂ_l-'.ld-:lrl:frrrd-m kul';wnn'lnn’.n[! Ealagarh, LLE. L. Siwntik Trivedi & Misga, 1979

¥, RHAMMNACEAE

18, Berchenrhs balugolsenele Baluggicza, near lawae L. Sivalik Lakhonpal, 1967
lammkki, H. P,

19, Einipiwr sivadeons d L. Siwahk Lakhanpal, |®67

20, & clampareseis Thikhimat hores, W, Prohably 1. Lakhanpal & Awns-
fﬁhm;mhm D, Shwalik thi [in Press)

21, & fadlews 5 km Morth of Pasl- Upper Miceene ﬂgﬁh & Prakash,
ghal, SHianmg Disl., |
Arunachal 1

O osivsian t K u L. Shwallk Prakash, 19793, b
1! (s M il th, T ' B, "
ferumaides Gm;af:ﬂ'm o

Dl'll-l:'-ll'ﬂl'rl.lﬂlﬁl'.'l;ﬂr{l! paloee-  Kalogarh, UP.

faregiferion Prakash
23, Glureslaa Fatmgarieests Kalngurh, LUF. L. Siwnlik -:-EII;;L“ & Ahuln,
4. Mungifera someshwarioa Bhikhpathares, W P.mhqh]{ I. Lak | & Awas-
Srwnll thi [k il

ih gL,
BinarT " *
— Cofifmaerd
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Fossin

VIL LEGUMTNOSAE

WL

X,

Xl

KN

NI

XI¥.

25, Alhizimirm eoleirokimoem
16, Hahiwfaryien fndicun
7. Basfrinfa sfwaliba

R, Crorsiniire prefviedal

30, €\ borooakil (Prkosh) Prakoesh
vl

W, Coravamaedrosplon

(Cupia) Prakash & Nande
SOy T

e froccplon sp. ol ) o=
g T

akl, o
m.-..:: Trivedi & .ﬁhuliu
Fo fwvaltwergin siese {Frigin

31 Dalfeegia wp. (Leal)

13, Dl doi bolaporficere

M, N

Sk eosiimaneins
35, fn

ofire propadehel

Fh. ATefrioeailon Fonpinicnsis
7. Mool fodlfanm
38, Papilivatd ap, {Loal)

ROSACEAE
50, Parimretareia aplermaioam

LCOMHBRETACEAE

« Fermbmnfieridor polasamaal]

- LECYTHIDACEAR
41. Caepardlar  ponfickerienss

Mowanihil

LYTHRACEAE
412, Larerirrosinks o, (Leal)

APOCYMACEAE
1. Apacymaphytim ap.

EHEMALUEAE
dd. DNnwmprer sufreopieriniies

45, Efvmpanfon miocesfoinr

46 E alwriiens

H:ﬂﬂ‘-hﬂ INACEAF
7. Borapieacarpur

e p——r

4B, Gasdewin palyearegida

i H.LI'III.M_—F_AF

LOCALITY Horyzoesf RerppeEsce
FomwaTiosS
Hikis BT Aon
l'[hl:lkll;; Pn:u.a' Mala- L. Biwalil Prakash; 197%
ohand, near Dehra- M. Siwallk Fowat, 106465
dun, TP,
Haikhnathoaree, W, Frobabiy U, Lskhan & Awas-
Eﬂnmmﬂ Dist, Siwalik thi {in N
jar
Khur::'hn,pn:ur Nalg= L. Siwniik Prikash, 1975
Ral X ur do Prakash, 1978
mlm% H.P. wod do Peokash & Dando
Knlzgarh, U.P. 140
Balugoloa, mear faws- L. Siwalk Lakhanpnl & Dayal,
lomukhi, H.P 196
Fhikhnathores, W, Probably IF. Lokbampx] & Avwams
Eﬁmmﬂ.ﬂ Mist,, S‘IH'HIIE thi tin Press
Hu'lr-;nl.l-i, L.F; [ Sewalik Travedi & Migra, 1978
i do Prakast, 1981
Hhikhratheres, W, Frobobly L, u_khqn%nl & Awan-
hurupumn. Dief.,  Siwnlik thi {in
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TANLE 2 — PFLANT MEGAFOSSILS FROAV THE SIWALIK SEDIMENTS
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some  well-preserved  dicofyledonous  and
monocolyledonous leal-impressions  belong-
ing 1o The Mmmilics Smilacaceas, Annonaceae,
Morgceny and

Rhumnocene., Lythriccue,
a [ruit of Dalbergla,

With regard to the petrified wood from
Jawalamukhi area so far only a single wood,
Arnizepieroxyion jowedamukhi, has been des-
cribed by Ghosh and Ghosh (1938) from

the Middle Siwalik beds mear Khundian
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Yillape, Furiher records of foasil woods
feom this arsp wre licking.

Rich depasita of planty comprising ox-
clusively of petrificd woods have  been
found in the vicinity of Malagarh. The
rocks in which these fossals occur wre aTen-
buted to the Nahiun beds which cormespond
to the Chinji Stupe. Ealepsive studies of
these petrificd wogds have begn earried
outl by Prakash (1975, 19705 19796) who
described 11 species belonging to the dico-
tyledonous Families, viz, Annonsceis, Dip.
ferocarpaceac, Lepuminosic, Anacardiaceze
and Lecythidaceae. Similar deposits  of

trified dicotvledonous woods have alo

n fownd in the Lower Siwalik beds near
Dhauln Kuan in Nakan District,  Although
they have not vt been stodied i detal,
prelimimary  examimation of the  material
made by Dr UL Prakash {Personal com-
municition) has revealed that mest of the
woodds belong 1o the Tamily THpiérocirpa-
cepe and 8 leguminows perus Cynometra,
To the gast of Nalagarh, near Kalka, from
Mihon  Formation (= Kambal-Chinji  se-
ju:m:r.' of Lower Siwaliksy Daval and Chau-
huri (19674 in a briel note illustrated four
dicotyledonous leaves and  assigned to g
penus Dicorvlophylfum,  These kaves are wo
badly preserved that  they  canmot  be
identified 1o the generic or Tomily level.

Hi’:l‘:ﬂn‘ll;r Muothar “Q?E} hns - descrebed
a few leal<impressions  from the Lower
Siwnlik (Chinji Formstion) near Jawala-
mivkhy and the U Siwalik (Tatrot For-
mation) nesr Daviatpur, Kangra District,
One ol the leaves belongimg to Lpper Siwaliks
b5 gomplete and shows all the details of
venation. He identified i1 with the leaves
of  Litea and  named  Lidea Watiod,
whereas those ollected from the Lower
Siwnlik are numed gs Papifiondd, Malforus
s, ndld Povcies sp, A, Bond € Sinoe these
lewwes are  meomplete, nothing can be
defipitely ssid abowut their identification.
Besides . lenves, from Tatrof  Formation
Mathur (1974) reported g seed a3 Bordging-
e fakhanpalii of the family Bornginaceas
Tromm near Clundigarh,

It hus been observed that the |:|1..|n‘1l|'r1'.|:r'l::i|.'
remaing are quite commonly found in the
Siwalik sediments. Bhotin snd  Mathor
(1970, 1978 and Tewnrt and Sharma (19724)
have |nvestigeted extensively & lnrge number
of Charophyviic gyrogonites from  different
lo¢alitics sitpated nege Chandigarh, Pinjore
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and i Kangni Disteict, In all they have
recogniged 15 species belopging . 1o the
eners Charg, Hormichara, Sphaerochaes und
Teptpchara.  Bhutin and Mathor (1570) also
highlighted the slgnificance of fossil charo-
phytes in the biosteatigraphic subdiviston
of the Siwalik Ciroop

In the Himalayan foot-hills of Udar
Frodesh there are o number of losmil foca-
lities from which rich collections of plant
megalossils have been made in recent yeurs,
Rawal (1964, 1964-65} described two dico-
tyledonons woods, vie, Dipicracerreyiion
sp. mnd  Baebimiocolos Suficem Trom the
Middbe Siwalik beds of Mokand mear
Dehradun.  Another fossil localiny exposed
ot Kalagarh is. also very ngh in petnfied
wireds, There ore 8 number of sifenms
coming down Trom the small hifls In which
the Fossil woods ocour guite Frequently.
It i bolieved that they have besn derived
Trom the Lower Siwalik sediments.  Sysre-
mictic study of these woonds has been carrigd
out by Prakush (1978, [951), Trovedi and
Ahufa (1978 157Eb, 1978c, 1979, 1979h,
1980y and Trivedi and Misra (1978, 1979,
1881Y) who idenatitied moet of them with the
modern genern Belonging to the fomilics
Annonacene, Sterculiacese, Dipterocarpsi-
ceae. Mehgeens, Angcardinecas, Legpumino-
s, Rosapeae Combretsceas and Ebens-
ceae. As far ps thor  dentificgtion. is
concerned, some of the wonds described
by Trivedi and Ahujo (197%) and Trovedi
and Misra (19800 do not exhbat the charoc-
ters of The modern penecn or species o which
they kave been compared.  One of them-is
Parimarforvlon  spleedidhen of the  family
Rosacens which ks been compared with
the modern  species ol Perfmeeiom,  The
anitomical features of this Tossil as shown
in the phologruph de not conform with
those of Porfrertiner but gppears 0 be very
similar to those of the wood which Prakash
(1978) deeenibed an Fhenovifod anocenionms
of the family Ebemacene from the same
locality,  Similarly, two species of Fareri-
oxplon have been erented by Trvedi and
Misra (1980} These scem to be  eithor
Anfsaptere or DMpterocarpus which are gl
repdy reported From this area.  Peafacmen-
xylon  orenfon another  dipteracarpaccous
wpod is described by Trivedi and  Ahuja
(1979 showing its close resembiance wilh
ithe wossds of Peobecmie.  Aqmtomically Vhe
wols ol Parashorea, Sherea and Pervecme
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are 5o sinniler that they connod be differen-
tipted from each other, and hemee it i very
difficalt 1o decide whether the Fossil wood
deseribed by Trivedi and Ahuja Belongs 1o
Perldenne or Poreslordn or  Sheves.  Such
Fossil woods are usyally placed under the
genus  Shereosidmr S0 a0 view of this
Prokath nnd Bande (1980) trepted the penes
Pertaomeaxyfon Trivedi & Ahga os synonym
of Shoreoxvlon and changed the name of
Fossil wood from Pesfacmooxylon oreaiim
tee Showreoxpian ormorem (Trived:s & Abuja)
comb. mow.

The Siwalik beds near Haordwar, locally
known as ** Hardwar heds ™ alzo comprise
plant Fossils, Yarma, in 1968, described
some  lealdmpressions  belonping to Tour
gpecies,  Twa of them are Wellacedphifiom
mihppwives and  BNaspreos  cembrpeptiesivites
which ha ve been shown bo resenible Melineene
in general and Disspyroy of Ehenacens ros-

ively, Out of the remaining two, one
s identificd with the leaves of Enealyplas
and mumed  Ewcolppropficfivm  rool.  This
needs reinvestigation as the gonus Eucedipis
& 5 tmlive of Australin whoss sccurrences 1
the Tndian Tertiary s bevond imapnation,
The leal deserbed as Crotor of, O fepeliv
#lso needs oritical réinvesligabion.

In the loot-hills of ™aingal Dustrict the
Siwaliks ure well-exposed wlong the Kath-
podom-Muinital Road, Kathgodum-Bhimial
Road, Rapibagh-Amritpor Road and along
ke Gola River, From a small patch in [ront
of Ranibagh, recently we collected u few leal-
impresiions  preserved in the dark  grey
mitacsouy  shales., These are yet o bhe
studied.

From near Tamakpur, the epagterm mosi
part of Komaon feol-hills just berdering
the Shorada River at the Nepalese frontier,
Misra and Valdiva (1961) reporied the
peeurrence of leal~impressions in the road
cotting ilong the river on the southern side
of Punyagiri. Preliminary examinntion nf
the materinl collected from this arca by the
author in 1967, 1968 and 1972 hos revealed
that there 15 a greal '«-|.|ru:ftﬁI of leaves, al-
though 5o far only ome leal hos been des-
cribed by Lakhonpal apd Goleria (1973)
us Perrea mmragivienyie sp. Aoy, showing
¢lose resemblance with Persea odoraiisima
and P. gomhlei of the family Louraceae.
From the same section expossd along the
road cutting Lokhanpal, Jain and Kapoor
{]'a'"'u"fr] disser bad l:1'|.|'|.ri.1-|'|l'|:.-[ii: E!lTﬂﬁ'ﬂﬂillH-.
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recovered from a clay shale band overlain
and underluin by line grained sandstones
In all they have recognised four specics
belonging to Charites, Chara, Roskyaeciarna
and eerehefrd.

Mear Jurwy in Gondu  Districy, Utter
Prudesh from Koillabas village, about | km
inside the Mepal Territory, recently we alio
collected some wellpreserved angicspermous
lepfimpresions.  They are found in dark
grey shales expaised lirnﬂﬂ' the upstream of
n amull rmiver. The exacl strptigraphical
position ol these Tossiliférous bedn within
the Siwalik Group is ant defindely known,
though the rock matrix and the leaf-
impressions appear preserved thetoin more
or leds similar by thosz of the Lower
Stwillk of Tamkpur.

Im the (ood-tills of Bior abio, the Seapdik
beds are exposed all along the Tiudo-Mapal
horder.  One of the edposures, which lies
n few meters on the Nepal side from the
Mational houndary Post Mo, 35 i Bhikhna-
thopee, West Champaran Districl, hos vielded
ahout 35 distinet types ol angiospermons leaf-
|m|'|r¢m.'i{1n|. hu:'ln-ngihg; fo sevieeal ] of
dicotyledonous Tamilies. OF these, Lakhan-
pal and Awasthi {in Press) have deserib-
ed mingé specizs showing close fesemblinos
wilh the modern specles: Ziziphiis fiula,
Martgiferda indfic, Bewhiie corpmbosy and
B. tomentosa, fndigafera prdehells, Dolbergia
ipp, Coordenda feraid, Litseq witida, Cimm=
mreatnern Pamale wnd Ficwy spp.  One of the
characteristic feptures of (s focal wstem-
Ploge @5 that the leaves in pencral sre
smaller than the noenml siee of their modera
cquiunlml:.

From the Middle Siwalil beds of Darjee-
fing Himalayas Puthak (1969) for the first
time. reporbed some beal-impressions from
the Mughapadi section, neze  [Darjesling,
borme on the muessive compact, dark ¢o-
lowred carbonaceous shalks, The lesves hnve
bepn assigned to B apecies, wiz., Castamopaiy
trituslpices, Cinmemouism  temala, Maochilus
villoser, Litsea polyantha, Bridefin stipuloriz,
8. verrncesn, Mallons phitippineasis and
Rhododendron depidetnm, Since  most  of
the spocimons are incomplete without base
pnd apex it s difficult or mther impossible
to ddentify such leaves with the modern
species and therefore Puthak’s identifica-
ol should be considered g5 provisional.

The Upper Terthry rocks of nortb-cast
Himalays (Armupachal Pradesh) have been
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correlated with the Siwalik sediments of
the western Himalaya. They are known
g Lower Subamiiei, ].1|'||1.|:r Suibanuir and
E.Emm The phint fossils have been reporned
o uy from three places. Chaudhury, [as

Ahmed (1970 hove deseribed an incoin-
plete lenf, collected from a rosd owting
near 20 km Post {from Kimin} glong the
Kimin-fero Boad in the Subansiri Distriet,
Aruunl:hal Prodesh, The leal has been

Ea.r-:d with Pladlieer Eamepensis Seward
{I.ﬂl described from the Copl Megsures of
Agsam, They have pasigned the beds fo
Middle to Upper Miocene, Recently Singh
and Prakush (1920} have reporied wo
well-preserved  leal-impressions  resembling
Ziziphes of Rhomoocese and oscorls of
Dingeorigtens respectively, Ifom o Siwalik
bed exposed about 3 km norh ol Pasghat
in Stang District,

A few vears hack Dr 5. K. Duitn of
Dibrugarh University eollecied some picces
of petrified woods from the Upper Subansiri
of Ghopra River section in Suing Districe
and near Kimin in Subansivi Disteice of
Arunachal Pradesh. This small collection,
investignted v me, hag yielded about 10
forms showing close resemblunce with the
modern woods of Shores, Euplorla, Glata-
Melanorefioes, Albizi, Afzelfp-faisia, Cino-
medrg, Caxsin and  Simdera,

IHISOUSSTONN

Plant megafossls gre reliably  used in
deciphering the scology and phytogeopraphy
of the fossil floras particularty those of the
Cenoroic ora.  This 18 becanse of the fact
that they are mostly entomed in the sediments
not far from the place of their existence.
Secondly, the megafossils can be identified
in most of the cases in termd of the modern
genera amd apecics,

The Aoral assemblpges of the pre-Siwalik
Tertiary of the Himalayn are too small to
surmise uny delinite conclusion aboul the
climatie conditions. Most of the plants
constitutimg  the asstmbluges are  either
pelm or palm-liks Teaves whoic cxnct affi-
nities with the modern epecies arfe not known,

From the foregoing review of the plant
megafosails of the Siwalik Greoup it is evident
thiat majority of the taxn are from the Lower
Siwallk sediments.  The modern species with
which they have been identified are: Smilex
sppr., Polypalehiv cimiprim, Fiodtigmo wallicki,
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Anfroprera veapiula,  Dipterocarpus tndieis,
D odvewdty, D emrcrocearpes, 8 ey, B
fieharcalanies, Bercheomia Maribuwedis, Fiziphis
ineurvg, Stercidla spp., Gl Melonorrioes
sppr, Devconfomelim mangiferimm, Dyesoxyfem
sprp, Afbizie lebbek, Cossin fistwln, Cynonveira
poleenedra, Dolbergin sisso, MilVerdie prodni,
Afzella-Fassia spp., Sindora rlowensis, Termi-
waliey monfl, Careya arhseva, Lageesirosmia
imolice,  Diosperas  brandiviana, DL ke,
D, eribeyapreris-and Fiews cunes.  Excepling
o few which still survive in the foot-hills, most
of these specics occor today in the tropical
evergroen (0 semi-evergreen or deciduouos
foreste of Western Ghats, north-gast India,
Bangladesh, Burma and elsowhere in south-
cast Asig, On the hasis of thesg plants it
has repsonably been concluded by Lakkanpal
(1970 Vishonu-Minre (1979 and Prakash
(19790) that wurm humid chimate with high
recipatation prevadied all aleng the Hima-

vl fmiahil[ls during the Lower Siwalik
sedimeniation. MNow [he gquestion arises
s 1o how and where [rom These tropical
evergreen plants came i the Himalayan
foot-tulls. Cloae similarity of the Lower
Siwalik  planis  with the corresponding
fioral gssemblages of the peninsulir India
{Awasthi, 1974), Hurma (Prakash, 1973}
and socuth-cast Asxic  (Schweitzer, 195K,
Kramer, 1974, 1975} as well s with the
present day tropical evergreeen flora of
southeeasd Asip provides n supporting evis
dence to the mssumplion that the Lower
Siwalik plants may hove come from south-
east Asin. During the Miocene, with the
Himalayan upheaval large nreas previously
pocupicd by the Tathve seu were converted
inte  land with oumerows water: basins.
Thie major geographical change brought
ghout -sipnificant change in the climatic
conditions in this fegion which becsme
more warm ond humid, As o réesult, the
south-2ast Agian tropical wel svergreen and
sermi-evergreen plants led by diplerocurps
entered the Himaliyvan foot-hills replacing
or dominating over the sp-called Murree
and Kasauli Aoms, How lodg and under
what conditions thess plants remained thare
iz wet to be definitely. ascertained throuvgh
the study of fossils, But there wre some
indications about their contineation in the
Middle Siwaliks ns evidenced by the occur-
rence of Eptereearpes bnthe Middle Siwalik
ey tepr Bohand.,  Roecent diHL:uvnl'_'r' ol
some [ousd] woode in the Upper Sobunsied
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sethmenls of Aniniichel Pradesh ghio con-
lErms thot wiarm humid conditions existed
in the Himalavan foot-hills of north-sost
Indin. In this Aoral pssemblage  nlmoss
the sume clements are present which are
reporied Trom the Lower Siwaliks of Unar
Pradesh and Himachal Pradesh,

Reparding the enviconmental conditions
during the Upper Siwaliks thers is o con-
sensus of opinion gmong the various geos
lrgists that the fowrih upheaval of the Hima-
lava took place ot the omset of the Upper
Siwalik eedimentation by which time the
warm humid climate had gradually chan
into distmcily colder and deer.  This might
have adversely nifected the surviving tropicnl
everpreen  forests  which evenlually  dis-
appeared and were replaced By the
subtropical or lemperalc moist deciduous
or dry decideoss Torests.  Evidences in
favour of the above view are provdded by
pur recenf studies of the leaf-impressions
from the Siwalik beds (probably Upper
Siwilik) of Bhikhnathores, Bihar, In a
fairly rich assembiage of leaves comprising
abowt 35 distmcl forms, there s nene b0
represent the Tamily Dipleeocarpacess which
was s dominant af tha e of ris deposi-
osp in the Lower and Middle Siwaliks. Mosi
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of the modern equividents of Bhikhmathome
leaves are found in dey. deciducus foresis
even though same of them may have o
wider distribution in moister forests nlso.
Further, the leaves on the whole are smaller
im size than 1heir modern coanferparts.  All
these features strongly suggest that dry of
wrid comditions might hove prevai in
this: region durimg the Upper Siwalik
sedimentation,

The inferences mude above dre sdill con-
sideckd us pensralized and eentative since
they ore based op sporadic gmd insuilicient
records of plant megafosails, From  the
aviuilable mlsrmation furnished in the Tore-
going account it & quite evident that there
arc rich treasures of various kinds of plants
in almost all the Tertiary sedimenis of the
Himalaya. Their extensive collection and
sysematic studics wre needed in order (o
build wp complels Aoristie soccessions in
n chronological sequende and to throw light
o the chmatic changes that took place
with the resalt of Himalhyan upheaval at
different intervals: since the beginning of
the Cenorgicers, The palucpbitanical datu
thus gocumulated can ales be succeasfully
used in broad strnfigraphical sobdivisions
and correlations of strat,
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TERTIARY PALYNOLOGY OF THE HIMALAYA — A REVIEW*®

H, F. SINGH
Birbal Sahal lestitgte of Palacobatany, $3 University Road, Locknow 228 007, India

ARSTRACT

ages eecovered froms . the Tertlory rocky of Himalasa have
bein reviewed,  Moat of the Te palymalagival nformathen ovalballe 100 wslay his
bem developed froms the wesdern _imn.’lny.a.:. A bheginning seews io knse been mocde
in regard fo the developament of T:rul:!':.'p-g.l:.lnniu”l af e castern Himalova, poriscularly
from Arunashind Pradesh,  Omn the basds of palyoomoiph asseoiblages somse wol kers saw
attemplid i esbphlish palynolagical suicession both in the Lower and DUpper Terlary
rocks of western Himalaya. F.ﬁ}-.ucﬂ:lgr:.l evidences have also been wed in the inled-
pretation of emnronment of - depositenn, datbog, oodrelation. of siraia amd - palsec-
clemates.  The present paper’ resdews the atibus of Tertinry palynology of the Flimalavs
and evabontes some of the wwsernblages in regard do their applied aspects.

Keyawordy — Palynalogy, Tertlary rocks, Himalayn (Tndis).
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INTRODUCTION

logical studies. have emerged  hith

as an academic as well gs un applicd
taal in solving various problems related
to stratigraphy, particolarly from the Ter-
ligry rocks of the western Himalays. The
palynomorphs  meeovered from these sedi-
ments include spores, polles grains, and [he
remaing of algae, fungl or their fruiting
bodies. The pinnktonic algse represented
by the dinoflugetate CyMs and also by
Pedigsirum  and  Botryocecous: have besn
recorded by Mathur (1963, 1964, 1963;
Salujha of al, 1969} from the marne Lawer

D URING the last twenty years palyno-

Tertiaty rocks of Simla Hills, The disci-
pline of palynclogy has also been employed
(Khanna, Ph.Db. disgerd., 1977: Singh of af,
19781 Singh & Khanno, 1980} for estah-
lishing palynobogical succession in the
Subathuy Formation and in  interpreling
other related nspecis like daoting, environ-
ment of depostion, cormmelation of strata
and relationship of biofucies with Iinhofacics.
singh wmd Khonng (1978) and Khanna and
Singh (1980). studied the pelicoecological
sgnificance of Pediasimen  ynd - Sebaba
respectively  in the Subathuy  Formation.
The progress of Palacogene palynology in
the Simla Hilld bas been reviewed by Singh
(1981}, Spores-pollen  asiembliges  have

*Paper. presenied ot tee X1 Himslayan Goeelogy Semennr on Palscoaiclogy and Bastratgraphy of

ihe Mimalays, Dehiadun, o0 26th Movemier, FHE0,
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also been studicd from the Upper Tertiury
pocks-of Punjab, Himachal Pradesh, Hihar
pnd Armachil Pradesh.  Amongst the pro-
mincut  workers  who have cprried ot
palynologieal study of these sediments are:
Ghosh ot al, (1%63), Baneree (1968), Lukose
(1968), Nandi wnd Bﬂud}::rj:_adhg'i{ (19700,
Venkatachalay (1972}, Namdi (1972, 1973),
Mathur [1973), Singh et of, (1973), Ghosh
(1977), Bhandari ed al., (1977), Jain and
Dutia (1078), Saxens and Singh (1980}
and Dottn and Stogh (1980).  Dhstinclive
palynologicel forms have been recorded
and wtilized For the recognition of different
strptigmphical lesels (MNandi, 1975; Ghosh,
19771, though the recovery of spore-pollon
gontent  hos e quite fow, both quali-
tatively and quantitatively, te. |
these snags, pulacochmate during the Siwalik
sedimentation has been inferred by Ghosh
{1977}, The Miooene sediments ol Rameng
Dt:urd:.l, Arumschal Pradesh cxhibit mixed
type of spore-pollen assemblages.  Recently
Savena and Singh (1980) have recovered a
yaologicl assemblage from the Upper
iwailiks exposed near Chandigurh which 13
very rich In Laricoidites-complex.

GECHAHAPIY AND STRATIGRAPITY
OF HIMALAYA

Geographically, the Himaliya b5 divided
intor [} ||:|r sub-Himinlaya, £} "1“." Lesscer
Himalaya, end (i) the Great Hinwlays,
The sub-Himalayan Fone includes the Meo-
gene sediments of Siwalik ranges whereas
the Lesser Himalaya conssts of the Pakeo-
pene and pre-Terbary rocks. The Creat
Himalyys muinly coists of the ceatral
eryatallines.  To ihe |_1|.1|'lh wal Gi‘:mt Hirmi-
layn lies the Tethys Himalaya having Camb-
ran to Cretaceons rocks which normally
yvield fossils. 11 is followed by the zone of
Teanzpo  Suture m Kashmir  Himalayn
consisting  of  geosynelinal  Cretaceous
e Pelneopene sediments. The  trans-
Himalaya includes the Ladakh region of
Kaghmur. :

From west to ¢ast the horizontal extent
of Himalayan mnge has been divided into
varlous sectoes, viz., (1) the western Himadaya,
{it) the ccntral Himalaya, and (i) the castern
Himalaya. The western Himalayn includes
Tammu and Kashmir, Himachal Pradesh,
Garhwal and Kumpen se¢tors.  The centrul
Himalpgyn consists of MNepal, wheress Lhe

In spite of

260

gdstern Himulayy covers Darjecling, Sikkim,
Bhutan, Arumichal Predesh and  Lohi,
Cieology and simatigraphy of the Tertary
sediments of Himalaya hase besn worked
it by varisus workerd, 1o Bevond the
soopz of this paper t0 dewl o detail with
this aspect of study, [n ihe present review
the stratipraphical order of Tertiary rocks
a8 adopted by Salnd and Mathor (0964 and
Chavdhuel (1968) has boen Tollowed

Afler Sabed ongd Mofhur, 1964

AL L i Hisiin sy as
Assiw FTHIT-HTL.LY
Levwer Fletsbogene  DHhing Serbes Upper Siwalik
ta Phogene
......... U ncoatermliy g oo oig e -s
Fliccene Tipnm Midile Siwalik
Miocers SLrma Liovecer Siwalik
......... IJm:-_unf:mnH_-,- T rdpr L
Dhygocene fo Barails Diraitsn s
Upper Eocens
Afer Chasdhn {19868
MGE ILIMALAY A% EHIT=

ILLLY

Lower Miocene 1o Euuiull Fodmaton
Lipper Glgoocay
Lowir (Higocens 4o
Upper Fooene
Ecme 14 Uppet

Palencene

Diagshal Fomallon

Subminu Formatiae

Stratigraplucal comrclation of e Tertiary
rocks of Himuloyn has been o difficult task
because most of the  lithostrat graphical
units exhibit similarity in Hhology nnd
strucrural complexity, This problem is fue-
ther dgpravaled by the lack of animal wnd
pland Forssils inomost ol the lithostrat graphical
units.  However, recovery of plant as well as
animal fossils, at some places, though quite
often of local importance, has provided
such copent evidénces that op the hasis of
which new interpretations relating to-strati-

graphy and structure have comergod., The

present paper alms Lo review the palyno-
stratigraphical information derived so far
from the Tertiary sediments of Himalaya
apd also to throw light on such problems
that have defied solufions so far;



e 1]

FPALYNOSTRATIGRAPHY OF THE LOWER
TERTIARY ROCKS

Pa]_'.-nl.‘rll,r]‘_ﬂtu.l informabion rom the Lower
Tertinry riscks is mn-ﬂl:.l awviitlphle froam the
western Mimaloyas., 11 has been arronged
in chronological order Hence, (he Palaeo-
cene horizons hove been token up fiest for
discassion

In the western Himmlave Srikontis  and
Bharpayvs (196T), on the bass of palieanto-
logical studies, cstablished Kakarn Series
which i a Palicocene horteon  exposed
neaf Kakarn-Chaple Villege, Simln Hifls,
Palynclogy of these sediments has nod been
worked out so fir. In order o conhirm
the proposed dating of the Kuakurn Serics
by Stknnfia wnd Bharpgava (19670 6t is
essentinl 1o investigate these  sediments
ralynologically,

The overlying Subathe  sedimenls are
developed along the Himalayan foot-hills
belt as o purrow discontinuois sirip from
Jammu in the west to oz fur as Nepal in
the south-cast. They rest uncunfq}rmﬂh‘j
on the pre-Tertary States (Auden, 193
Cansser, 1964)  Lithology of the Subathu
Formation manly consuts o limestoncs
prid corbondcesus shales’conly bands, cal-
careous red, preem, pale-alve shaks, silt-
siones with care development of sandstopes.
A white orthogquartetse sone pencrmlly de-
lineites the op of the Sulkitho Formation.

A palynological beginning. for the study
of Suhathu sediments was made by Mathur

(1963) who reported the otcurrence of
Fediovtrum,  Subsequently  she  (Mathur,
1964, %037 published 1w more short notes

regarding  the presence o Borrircoocar,
Pedlazieam und g wviried ivpe of assemblage
having hvstnichosphacrids and pollen grains
sarmising subtropical to tropieal climate
for the miofloml assembligs end assigning
Middle 1o rrh-.'r Eccone nge. In 1984,
Salupha er @l studicd the palynological
tnmpqntmn al the Substhu sedsmenis ex-
posed in the Simln Hillv reporting a rich
pssemibloge of spores, pollen graim, hystri-
chosphasrids ﬂ.llliI other algal femains,  The
pssemblage. though poorly preserved nnd
miieh less suipble for wxinoenee sbady, isof
pendeniie interest as it brought 1o light some

Iymidogically productive horizons in the

bathu sediments which were earlier known
to be maostly devoid of plant microlossils.
They surmised Lower Eocene ape Tor the
Subathus. A general review paper of Yenkat-
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achaln (1972} lists some characteristic paly-
nomarphs, vir, Selisolaeridiom,  Hvsiek
chrsphereridionmy, Pediusrnm,  Awacolonia,
{.'.r:.l,,u\.,-'r.l'.pf.l.f.h'x, Tricitispiseites, Triarites,
Retitricalpitex,  Fovifrriealpites  and  Piog-
polffenites, Singh e of, (1973 and Salujhs
(19745 reviewed the then existing status of
palynolpeica! Knowledps both for the Lower
aid Upper Tertiary rocks of western Hima-
fava amd mode some peoernl observitions
of vatious pspects of the sy,

I 19T, sysEcimuiic Fljnmlm!t;mphmﬂ
sludy of the Subathu sediments was intligted
(Singh) ar the Birbal Sahnb Iesoiteie of
Palneobotany, Lucknow, The recovery of
reasonshly 'M:'ll-]'lrmrmd dinoflamel lutiez,
spores. and pollen prains resulied n the
identification of 43 penera and 104 species
(Khanna PRE, Thesis, 1977) OF these,
some of the imporiant tosn ares Crolone-
phelfign,  Cledsingphuenidiom,  ONposphoeri-
dien, Hometeehfaoe,  Hysielchofalposa,
Actimnephaern, Theleodpliora, Cordisplioer-
iy, Sebouphig and many more slopg with
spores and’ pollen graoing, iz, Todbporires,
Lygodinmsporites, Lyvopodivesporites, Cya-
Heldives, Podecurpidites, Lovicoldites, Eilla-
eleftes, Couperfpaitiv, Polaidives, Proxapers
fites, Verruteicadpites, ete. The palynofioral
nssemblage has been recovered from several
localities,  wviz., kot, Jabli, Dharmpur,
Uigshi asd Kuomarhato. Thess localities
|i.: 0 the H.I.I.lkq-ﬂ:irnh ngh\'ﬂ.}' br_-twv:un
Baroti and Barog, The type Iocality Sus-
hathu is expesed in the Kuthar Nala near
the Subaiha fown.

Dunhitative amd  quantitative analvses of
the palyockpikal duta hove been carried out
by Sms:_h. eral, (1978) who hove cstablished
rml:.-nn ogical succession in the Subathu
eection |3lrl-'l-l'-|l-'l'Ell_'lﬁ! seven cenorones and one
baifren  Eone. gy hove ko recognized
two subeones.  Wah the exception of the
barren come, the remaining cenoeones arg
characterized by the abundunce of a wingle
penns with one or more speciss logether
with the oecurrence of o few restricied specics
orwith the first appearonee of a mxon or
tasn. Inthe ascending order of strptigraphy,
the cenomones are as follpws:

B, Teafigporitey spp. Cenntone

1o Swhuthug salii Cenorone

b, Cordesprhiieridion rmaliispliosun Ceng-
F S

3 Hexagonifera spp. Cenoromg
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4. Homotewhllum spp. Cenosone

X Cleistpspfateriifinm spp. Cenpiong
2. Bamen Zose

L Cyefarephelion wpp. Cendrons

Information on the sssociation of other
palynomorphs with the dbove mentiongd
cenozones i published by Singh of of, ([978)
amd hence s onof pepested hers,  The distei-
butional palicrn o pul:,'nn-ﬂ.-u;iru, within 1he
Bubathu Formation exhibrs some dissimi-
farities im fis composition.  Perhaps thess
wre related fo the chunging emvronment of
deposifion,  These dissimileritics wre notice-
able wlen a comparative account of the
palvnolopgical composition  is taken  into
eonsideration  particolarly froim such ged-
fions which are lociied ot the margin in
contyast to those located in the deeper purt
of the epicontinentsl swea, The apparent
effect of the varthle enwiranment on the
compisition of the assemblages lalls in three
eategories: (i) Aucluation i the abundanes
of long mamging spegies, (i) local develepment
of a particulor morphetype, and (i} the
appearance ol stratigraphically ins poficant
forme. To cxamplily Khonna and Singh
(I381) have reported the  prepondcrant
socurtence . of  Cleliosphactidiom  ofversis-
pirasnm,  Cocloemielion  evpberamrs and
members of the family Thalessiphoraoese
from the shallow water environment parti-
cularly exhibiting  mesohaline condition,
The sssociation of Nesagorifera spp. with
the highly calenresos fucles denotes thair
preference to hyvpersaline conditions,  Chede-
fosphaericdivm  oisfmrctem and  Crolomephie-
fiwe  commpdetunt  inhabit  mostly  pormyl
slime condition of depositiona, To sam up,
it cap bo sid that the gross pabysoflosl
chamcter of the Subathuy Formation up 1o
the Sufadiiig sefen Cenossne (Singh o al,
1978) is identifled by the abundance of
hystrichosphaerids along with other dino-
cysts,  The upper part of the Subathu Fors
mation is sastly identifioble both by the
development of the red fecies and abundance
afl pteridophytic spores along with gymnos-

rmotis and angiospermous pollen grains.

iTerent copodones of the Subathu section
hwve been irmced Faterally (Khanm ef @f,
19810 in the ather seven stratigrgphically
miggsured sechons, vie Koli, Jabli, [Yharm-
pur, [hapshni A, H C and Kuomorhsit
exposed along the Kalka-Smla Highway
beiween Barobl and Barog, Geoerally the

Fivd]

boundaries of the pulynelogical  cenozones
secm Lo coincide with the lthological koun-
darics. with o Few gxceptions,  On the basls
of this-atudy, these distintly located sections
have been successtully correlated by Khanona
el wl (198E.

AGE OF THE SUBATHU FORMATION

A rr¢|'1||:|| ol tha lterature shows that
ihere has hurdl:,. been any unapmmity  in
regard Lo the age of the Subarhu Formation.
Pilgrim and West (1928} opined thal the
basal part ol the  Subathus  partiicularly
consisting of liméstone onl  carbonaceous
shales belong 1o Upper Miuddle Eocene ape
whereas  the  purple wundetone and  grits,
chamceristic. of the upper pari, reprosent
Oligocene nee.  Lupter ong Cox (15217, Yokes
1937y, Mundwal [1959), Pascoe (1959),
Lratna e -af, (1965), Krishoan {1965, Mathur
{1964, 1965), Chaudhei (1968, Salujha er wl,
(1069}, Khapnm and Siagh {19851} have
also deaht with the sobject and ekpressed
divergent views. In shorl, the Subathus
have been shovin 1o be vatying from Palaso-
cene o Ofigocene in nge. The present
palasontologeal and pulypological dats point
ool that the Substhus can be sssipned to
Uipper Palasocene to Upper Eocene age
purticularly in the Simla Hills. Khanna
and Singh (19811 took inio consideration
i1 the order of superpesition of stratn,
(i) palaccntology, wnd (i) palynology in
deciphering the dge of the Subathuy.  They
fuve dnted the palymologicil  succession
i the type ares as Upper Paloeoccos (o
Upper Eecene.  The sequence of dating as
proposed. by them i reprodoced below:

(i} Lipper Palaeocene-Lower Eocens {re=
presented by atraty from the base
of the Ciclenemhedinin spp. Ceniuone
to tha Lop ol 1he Hn:!r.lli:.l.rr_l.'flfr'.lmr PP

Cenorone}
i) Middle Eocene (nepresented by strita
beiween fhe base of Hevopouifera

spp. Cenodone (o the base of Tewlis-
parifes spp. Cenodong)

fiti) Upper Eocene (reprosenied by the
remiiming part of Todispoeries spp.
Cenoipone),

S Fur as pulu.mﬂl‘n]ugiq.‘l.ll I:D.:.il:n of .fl'f.,
19683 and pulvnological dats are concerned,
they are in agreement for the Upper
Pulicocene to Upper Focene dating for
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the Subathus, Recently Sarkir (Personal
communcation} has recovercd Siefairilefer
spcvanede (rom the top most hotigons of the
Subathu Formation in the Nahan arca.  Jts
first uppenrance mm this horizon has been
considered 1o be pge definitive thus confirm-
ing the Lpper Pulacocene-Upper Eocene
dutmg Tor the Subathus as proposed by
Singh e ol (1978) and Kbanea and Singh
(1081 )

ENYVIHONMENT (F DEPOSITION

EBhandart and Aggarwal (1966) expressed
the opinion i the Sobathu  sediments
were d.i:rlu-.ii!dd i w shallow linear epir
comtinental sen opening north westwards,
tie floor of which was moarked by parallel
fo subparillel ridges resulting in the deve-
Inrpmvr:m il deposition in different  paris
of the basin, Chaudhri {1976) recogniosd
transgressive-regrossive cveles on the hasis
of fluctustions in the land-sea level changes.
Raiverman (1964) considered the environ-
menl of depogition of the Subathu sediments
a3 varving from maripe to Brackish o lresh
water, WBhatia snd Mathor (1965) are of
the opinion that the Subathus wers deposited
under marim: condition with therr epper part
indicative of fresh water coodition. The
results of palynologicn] investigations of
Subathu succession (Khanna & Singh, 1981]
i the Simls Hilli show that the rock
sefpuence  oceurring between the  Opolane-
pireltun spp. Cenosone and  Corduipfgers=
il multispinesen spp. Cenozooe 15 indi-
cative ol the shallow marise environment
whereais the sirafa bebween the  Swhotheg
st Cenozone and the hase of Fodisporifes
Rpp.  Cenoxone represent  brackish water
conditinns,  The upper horcon of Todis-
porifes spp. Cenozone which & completely
devisid of microplanklions seemd o have
becn deposited under Tresh woler environ-
ment.  This observition, in penernl, ooy
with  the interpreiation of Bhatia  and
Mathur (1965) The appesrance of land
derived elements together with the absence
of  microplinkion has  been  considered
to be indicgtive of 1he |:l|1:|.='lling ol Tresh
witer gnvironment  Singh  (197H) exrried
out environmental annlysis of the Subathu
sediments . and  belicves  thet  they  wene
deposited in g shallow sed having some
tida] chunnel characteristics. Mg hay also
postelated an gmbayment having  shell
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mud one, tdal Mats together with panrly
developed alluviad pluing though minor mrt
of the swccession could have hean o prmﬁn
of rivers pouring indo the cmibssymentl.  This
observation  tan be correlated with ithe
pulynological indimgs of Singh of o [(1%78)
in regard to the occurrence of Pediayteum
subrone in the Jubli Section and in the
upper mirts ol Suhdlhy seccession.  Local
development of o particulsr morphotype)
marphotypes in steavgrphical sections huve
been indicative ol the prevalence af varyving
enviconmental conditions. The utility of
such morphotypes in stratigeaphy i of noe
special mignificinee and hence  has  been
considersd to be of local importnce only
though sometimes providing very  useful
Iuiurmﬁ?n._ Tl'u:IJ J.;j.:r:n-:rul. distribuitional
palteta of microplinktons and spore-poflen
shows 1hat the former constitute E"f" prrpnn:nt
of the total essemblage in the lower purt of
the Sobathus; but recording an  inverse
proportion . owards iis top, The kpdres
pollen and Limd derived elements dominaie
the assemblage in the Upper horizons,
This palynological observation fead Singh
wnd Khanna (1980) to recognize one trans-
gressive phase of the sea followed by a
regressive phase in the Todivgorites spp.
Cenoione,

MLIKREE DHARAMSALA SEDIMENTS

The Subathu wdiments see conformahbly
overlain by the Murree Formation (Upper
Eocene-Lower Miocene) in the Jammu
eres.  To the east m the Punjab and Himag-
chial Prodesh, the Murree cquivalent rocks
ure known un Dhirnmanlus and perhaps ress
upconformably over the Suhuthu. sediments
though the comtact between the 1wo has
bewn considered a5 conformahle by Bhandari
and Aparwal (196),  Venkutachaly (1972)
hus iodicated that the Lower Dharamsila
wquence s deposited both under marine
und  contingninl  conditions.  whereas  the
Upper Dharamsalns have been considerad
fo be of Auvietile origin, Furiker, to the
cast in Himachal Prodesh, particularly in the
Simda. Mills, the Dharamselay sediments are
represented by Dagehai and Kosaoli fop-
mations, the lormer representing perhaps
coastal und the latter resh water condition
Gl depouition,

Murces have not been Investigated palyno-
logically so far.  As regards the Dhanvmsaly
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sediments (Upper Epcenc-Lower Miocene
of Kangre Districty, Ghosh ef af, (1963}
reported the occureence of soime ij!].'m—
morphs  feferable to the genud Ephedra.
Polvnolowenl contenis of Tharmmszlns gre
very scantily known, Venkatichals (1%72)
histed 1he  palynomoerphs  dclurring in The
Lower DMgirnmssly {Ectene) sediments, vie.,
Chenopodiaceas, Tilinceas, Lincbarya, Epbe-
deipltes, Stetaimaperioritey, Seabrdiviporiies,
Plmopoflenites and Terroeadpiies.  Thess
forms  have neither been  described  por
illustrated, The spore-pollen  sssemblage
of Upper Dharamsnla [ Venkatackhaln, 19723
comsisty o spores of Schimeacene, Hymeno-
phyllaceac and Polypodincepe 1ogether with
pollen graing of Pine and Chenopodincess.
The Upper Dharamsalas have been ascribed
Upper Oligocene-Lower Miogene ape {per-
sonnl communicgtion by Baivermun (o Vien-
Katachale, 1972) und considered 1o lhave
been deposited wnder predominantly. flui-
vigtile conditions  Thus  the Thararmenls
sediments have been dated ranging from
Upper Eocend 1o Lower Miocene m zog,

PALSHAIR RASALLIS

Palvnological snformation of the Diesbi
sediments recorded so far (Singh & Khanna,
19800 18 very meagre.  However, the miosd
striking feature of the Dogshai assemblage
is the absence of microplmkions and the
presoice af p!et‘idnp'h::lLr, Fymnnap:nni:
and angicspermic gpores and pollen praing
Some of the important constitucnts of this
assemblage are:  Lveodivnmporifes,  Lyco-
podfiumsparites, Todismecites, Tnaperfopolie-
wttes, Larieatdites, Couperipoliis,  Pabeiddives,
Palmavpolieniteys, Tricolpiter and  Ferrei-
colpiies. In pddifion o fhese Torms, the
occumence of Prdiocraen and fangal spores
is nlso noteworihy,  The prosence of pollen
grains of Palm affinity topether with the
irilete spores scems o0 be indicative of
coastal trameitiond  environment for  the
Dagshai Formation, Singh (I978) has ex-
pressed the opinion that the Daphai sedi-
ments were deposited under marine <ondi-
Hons in an estwirine comples,

The palynological pssemblape  recorded
from the Kasaoli sediments near Kofi
(Singh & Kheono, 1980) i of peademic
inferest only.  Preservalion of the spores
and pollen grains is ruiher poor.  Seme of
Che imporiant copstituents of Che assemblyoe

an

are; spongy spicules (27900, angospormic
pirlien graions represented by Polnraepodieni-
fex app., Couperipolfis spp, sonie  momo-
porate and colporate pollen prains (2449,
Aukditionully the repreentntion of Padicoarpi-
dites spp. (1755, fungal spores (17 ") and
Pl prans (907 wnd the wvirtual absence of
Trrapertgrppolienitey b5 mlso significantly nicte-
'.l.'l.'u.'lh}'.

SV ALIK SYSTEM

The Siwnhk rocks, in-general, are well-
developed  nll along the  sub-Himokiyas,
They are exposed [Tom west b6 osast andl
conformably ecit on the Murrees. They
are broadly divided into Lower. Middle
and Upper Siwalikn ranging from Middle
Mincene to Lower Plelstocene in aze. The
Lower  Siwaliks wsaally hmse bright ned
shaoles and clays and brown sandstones, the
matrix IJE'l-r!E well cemented. The Middle
Svwaliks gire wdentified by having coarser,
micaceous grey sandstongs and doll cliys
The mgtriX being less cemened,  The Upper
Srwaliks ssually have boulder conglomserales,
prigd, looas samdstines and brown clays
The Siwaliks sre about 5000 m (hick and
wre -halieved to have been deposiied in diffe
rent. eavironmenis, viz., pedmont, outwash,
plaing, channel and fleod plaing and lncus-
Irine.  The fine clastics of Siwalik sediments
have yvielded some palynologics] asscmblages
which have been i}'ﬁtznlnl'_'il.‘nﬂ_'.- il famted
gs helnw,

PairHoLoay

Palynology of the Lower Siwalik rocks
has been carried oul by Banerjee (196K},
Venkatachaln (1972), Muothor (1973), Nandi
(1975 and Ghosh (19771, Tasonosmic ﬂu;[f‘
of the recovered palynofloras, in pencral.
necd a4 renewed effort far describing morpha-
logical details of many undeseribed palyno-
morphs ond (o remove anomilies ia regard
to the use of invalid npmes of some faxs,
Realizing that the Siwalik sediments mostly
Fm'n: umproductive, the preseit pulyng-
pgical information developed by the above
workers s, indeed, o commendable offort.
Amongst the important cosstituents repre-
sented in the Lower Siwalik of Bhokra-
Maneal aren, Bapcrjee (1968} reporied the
resence of pulyvnomorphs probably h:i:-ng:,-
ng o Chae families; vie,, Compositac, Grami-
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neae, Palmoe and Abielimeae.  Presdophyte
spores ol pleicheniacenus nnd  polypodio-
ceous affinity were also recorded, besides
many other pulvaomorphs assigned o form
gonern belonging 10 angiospermie  pollon
prains.  Venkatochaly (1972} mentioned that
the Lower Sewalik sediments have ihe pre-
sence of pollen prains  belonging 1o the
families Palmae and SGramimge together
with lorny peners like Quercoldites, Halprapa-
ciifttes,  Cupnfiferaidaepeifoniiee,  Sdpong-
cemilreplenite wrd Araceaipollenines,
whoereat the Middle: Siwalik aisemblams
comlainy the pollen groins of Malvacéae,
Betulpceae, Anacardiaeens, Pmacese and
spords of Polypodiacepe,  Contrary 1o this
observation, Bancrjee (1968) opined 1l
the Middle Sdwnlik assemblage exhibits the
dominpnee of gymnospermous pollen greins
fogether with poor ocourrence of ptendo-
phytic spores and ungiospermic pollen graing,
indicatinge cool climpte. Mathur (1973 ) has
worked oul palynclogy of the Lower Stenlik
sediments cxposed in Tharekhola-Chepang:
north-cal of Nfrml-fhl.m;n:, NEFI:HI. The pire-
sence of Sobalpolenites, Gramonidites. and
Ecliwranocolpiver i gddition to many other

ridophylic forms and pymnospermons
orms seems o B guite chorocterisile Tor
this assemblige.  Mathur (1973 bas indi-
cated that The angiospermic pollen grions
domnale  the assemblage.  Prendophytic
spores ore rebtively  low i abundapcs
whereas [he opcurrence of gYmAOspLrmous
pollen grains is wvery low. The gencral
Fﬁ]}"l‘lﬂﬁl’.’ll‘n! speeirum al Uhis nam:m:hingu
15 it ngreement with the one described from
the Lower Siwalik of Bhakm-Nangal arei
by Banerjee (1968} particularly in exhibiiing
almose similar Lype of numerical distribution
of various botanicul groups. Mathuor (1973)
opined that the climate during the Lower
Srwalik times was of teapieal to subtropicsl
l%‘gg contrary to the opinion keld by Banerpee
(168} who inferred tropical to temperate
climate during the Lower Siwalik times
The polacobotanice] data based on e
study  of fossl woods (Prakash, 1975:
Anicaptesavilan) bt ppreement with the
views expressed by Muthur [1973),

The Swwnlik Group cxposed pear Dalk
hoosie s been insestigniod  palymostmali-
gt'a-ph'rhlh by Nandi {1975 and  Ghosh
{19771, Mandi has recognized Tour palyno-
lagical #ones tn dhe Siwaliks.  Ench zome
has chorocterste palvoomorphs.  Some of

SOme

the important constituents. of the general
iswemhblape  are:  Polypodincesus  sporés.
Ferripasaiporites,  Vermcatosporites, Clea-
felpostsporites, Crathidites, Hymtenophfim-
aperites, Cporhilies, Gledolieniilines, Loevi=
gutesporitey,  Cupelifersidacpolicnitcs.  Pal-
merepnllenipes,  Tetrademornsporiies, Abips
timrepollenites, Pimuspollemiter, Piceapollenites,
Prdocarpidites, Polvadopollenfies, Carvapolfe-
nitey and  Abupaiferiies.  Representsion of
pleridophytic spores and angiospermic pellen
Eraing is quite promipent in this assembliage,
Pulviological -analysis of this Siwalik wunit
lead Mandi {1973) Lo believe that the climaie
during the Lower Siwalk times wns sub-
tropical to tropical. The Middle Siwalik
ealahited subiropicnl 10 wmpraie climate
wherend Lhe thru,:r Srwnliks were identified
in having a distinctly colder one.  Ghosh
(1977} reviewed this work ond came with
more obsarvalions on the palacg-
ecodogy al pulaeochimate durkme the Siwalik
sedimentation.

Bancrice (1968, Lokeose (1969, Mandi
gl Bandvopadhyay (19700, Venkainchaln
(1972, Mandi (1972 1975 wnd Ghosh
{1977} have worked on the palsnological
pasemblyges of Middle Sivalik. . Inopeneral,
the Middk Siwalik asscmbdsges tend Lo
eakibit e |'|:r‘|!|;|l.'|.'i:|:|EI chameterialics: :l'l
incresse; 10 the occurrence of the gymmos-
permous pollen grains, wnd (i) full in the
incidence of pleridophyvtic spores amd angios-
permous poilen praoms. Both These cha-
racteristic changes have been ascribed to
the change in climate by voriows workers
poriicularly From sublropieal to lemperats
ote although the plant megafossil records
of Middle Siwalik fimes indicate the pre-
volenee of mostly tropical chmate with
comparuiively  less  precipiiion.  Palyno=
logical data, even otherwing, do net syo-
chranize well with the megufesal record,
The wirtonl absence of grmnospermois
plapt meogulossls In contrast o Thelr high
incidence of pellen groins mther remains
an cmigma. It seems  possible (it the

mnospermoud  pollen could have eome
te lie tn thetr place of butm] From the oer-
roundipg high hills, but the absence of
eymnospermoeus mepnfossils (8 guite inir-
giing.  Some of The importani constitsenis
recerdesd Mrom the Middle Siwaliks of Resaul
(Bihar) by Lukose {1968) nre - Retinmonodeios,
Foveomonpleies, Retitrliotes,  Monmsaccires,
Disaecites. Polvadites, dnapersnvites, Reti-
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ﬂ-IMH"c:-fr:lr'.n-Tl ]"rr'Pu.rJ'rq.n el Repfrripariies.
Some af the taxopomic mames wsed here
wee Tnvald, The tixonomy of this assem-
hlage Aeeds 1o be re-<done. 1 seems possible
to comncur with the interpretation of Lukose

(1968) that the  assemblage . coutaing o
mixiure of pollen  grains  representing
The former

:rrn?h:mtc o teopical climates
could have been derived from the north
and the katter from the south, The pssem-
blage recorded by Mandi and Bandyopadhivay
9700 18 rakher too poor for any Commeits
excepling that it brings to light the presence
of pallen prams peohobly referuble ta the
genera Pieapolferifer und  Gremsfaddites in
addilion to woime others,

The Mohand ficld assemblage | Nand,
1972) seems o be quite typical of The Midole
Swnliks. F:]l'_'.-mpmn:lrphq._ i E'n-n-pm], T
be referred to surious preridophytic families.
vie., Lycopodicens, Hymenophyllaceae.
Sehizaencene, Gleicheniaceae, Polypodiaceae
wnd Cyalbeaceae topether with pollen graing
perhaps of prasses, palms. P, Podveorpin,
Abigr, Larix, polyporaies, ircolporates, elc.
Mist of the important consduenty recorded
by MNandi (1975) bave been listed enrlier in
the text and hence are nol repeated here,
The striking feature of the Middle Siwalik
psscmblage wems to be the predominonee
of pteridophytic spores wed hisacoate pollen
gruins in confrast fo the Lower Sivplik
nmmhlaﬁs.

Palynology of the Upper Siwulik rocks
g poorly known,  Singh ef of, (1973} fecard-
ed the presence of Pinus-type, monosuleglo-
type, and inaperfirpte (Ron-saccate) pollen
grains of gymnospermous affinity from the
Pingor Formation surmising Wmperate (o
subtemiperate  climale  during the Upper
Siwalikk times. Thié assemblage’ exhibits
the domingmee of maperiuraie pollen przins,
Another possible record of palvnomorphs
from the basal part of Upper Siwalik. cedi-
menis has bozn given By Mandi {1975 with
farms referable to the following oenera.
wit,, Crothidises, Alophilidites, Fimispolie-
mites,  Pedecarpidites,  Moanparopollesifes,
A Jﬂfp«‘.‘#ﬂrh A, TirPravcitannrmo FAFIEeT, ete,
Mormally the Upper Siwalik  sediments
prove unproductive,  Howeser, Suxena and
Siagh {1980} hive recoversd o palynologicnl
aswembloge  from The Pinpor  Formation
expoaed near Chasdigarh in which gymoos-
permous pollen gralse represented by Lank
cotdire-comples  Gncliding  Arpmionesefis)

s

are dominant in distribution,  They constis
tube ghesut b per cent of the Lol a5zemblape.
Polien grains of Figoriapeliis {perhaps of
Magnolingzae alfimity) in addition fo the
Larfcotdifes-comples are the most siriking
feature of this assemblage. Pollen  grains
perhaps belonging ta the following familiey
have nlen besn repared, iz, Schirencene,
Purkeriacene, Podocarpacdne, Arnucarinoene,
Pimacene, Palmae, Lilizceae, Crrnmincie,
Maognohacene, Proteacdae and Olencene,
Arongst (hese the oocurence of Arnucarii-
cepe and Protepcene deems (o by dedbilul
It is Hkely that same of the forms relerred
o drapcariociier may be reworked pollen
grains from the Palpeogene sediments.  Hot
modt of the remaining ol may belong to
ihe  Lawiciriies-complex, F‘LrE'Il:_-n iiralis
referakle 1o the ﬁ.|_|1'|i|'_|.' Proteaceas LY
cither be reworked or peed neexamingtion
for taxonomic study,  Vishnu-Mittre (1979,
on the hasis of high incidence of Pt and
possibiy of Lorx pollen praims, opined &
ol und moist climate doring the Upper
Srwulik times.

Rhandart e af, (1997 kmwe worked out
the atratigraphy. palynology and palaconto-
logy of the Lodhakh Molasse Group in the
Kargil area. O the basls of palynofors
they opincd o Palacocens-Eocene. age Lo the
Kargil Formation, Oligocene: Miccene age
i the Tarumss Formstion and MMioceme
age o the Pashykum Formation.

From the egstern Himalavas Jun o and
Pt (1978} have stodied domofiaeellites;
spofes and pollen grains om0 lmesiong
Sllmf'ﬂlu facated negr the coniact ol Lower
Goadwann and Upper Tertinry succession
in the Siang District of Aronnchnl Pradesh.
The pssemblapge is rich in dimoflagellntes
and Palmae pollen groms. Thi presence
of  Cowperipolily,  Lakfapolils, Polrcolplies,
Triorives and Polvgoracidives is quite stelking.
They have sugpested a probable Estene sge
For this assemblize which has beer confirmed
by the occurrence of Wummulitics in the
Dihing ¥alley, Sinng District (Tripathi ef o,
[9700. Jain and Dutie (1978) have postu-
lnted near shore deposition for the material
investignied

Dutta and Singh {( 14980) reported 4 Miocene
assemblage from the Siwalik rocks of Lesser
Himalaya of Kameng District, Arunnchal
Pradesh. T conaiais of rewerked palyno-
morphs  characteristic of the Pulacozoic
amd  Eotene fimes.. Falynologically it his
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been categorized into 4 assemblages pertain-
ing to [our rock Gnits 0, B=—Cand A, Jain
and Dwutta (1978Y have observed that the
rock walt 1) whieh lies nonr the Lower
Gondwona  sediments and  alio  contains
hastrichosphaerids and gome smaller ora-
minifern  indicites meidine  conditions ol
deposition fur this unit, possibly belonging
to fhe Lowgr Terttnry rocks, Duita snd
Singh (1980} believe that (he reworked forms
of Palacorowe und Eocene from the north
and south possibly show that the spurce
rocks were of the Lower Gondwinmss and
Dhsanis respectively,

CLIMATE

Lakhanpal (1974) belicves that the Subathuy
Formation  {Upper  Palieocens-Lower
Eoeenc) had  subtropical  climate  which
E-I;I'IiL‘I-JllJE-d im 1k Ei:wnh'i: hr:ll nf Mi{:.;n::nc-
Plincene fimes. Khanng and Singh (1950}
have suggeated coastal 1mnhilinnnrcn'-'imm
mepl ol dépasition Tor  the  Dagshai
Formalion (Lpper Eocene o Oligocene)
whereas  the  Kasauoli  sediments  (Lower
Miccens) were deposited under Tuviatile
environment  having suhtropical  elemenis
together with gymnospermous pollen prains
coming from the high hills of nelghbourhood
wrea.

According to Vishno-Mittre (1979) mega-
fogsil and pollen assemblape evidence Trom
the Siwalrks ix mth‘n' tnmdequate 10 comment
upen the past environments, plant commu-
aties and vegetationn] Mstory,  He further
observes that the identificntion of spores
and p-nll-r:'n Eminﬂ from the Middle Miceene
o the end of Enrly Pleisiocene is * improper *
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and hence the asmemblapges as such are not
useful for palagoccolopgical interpreialions.
In spite of these dnogs he his sopggesied the
focal eccurrence of semib-everpreen tropical
forests during the Lower Siwnlks oo flat
and and in Rilly country, Duoring The
iddle Siwaliks the climatic shift was
towards less watmih apd moistuee. The
increase in Pimer and posaibly Loddy during
the upper parl of the Upper Siwalik has
been considered 1o be indicutive of a cool
and mmst climate, The ohservalions imdi-
cating these climatic frends hinve reasomibly
gomd support from the pollen evideonce.

CONCLUSENN

From the foregping account, it cun be
inferred that the palynologicn] information
from the Tertiary deposits of Himakays has
been gathered memtly durving the last decude
though the beginnming for ite development
was made two  decndes earher, On the
busis of palynological - composition  the
Subathus, the Dharamaales (and their eqoi-
valent rocks in Stmla Hills) and the Siwaliks
ean be prossly distinguished.  Significance
of each nssemblage has been  discussed
particularly in regard to its strutigraphical
importance  and other apphied &specis,
Various rock seguences luve been dated
and corrclated palynolegically,  Palynologi-
cal informialion, thoupgh scamty, has been
wtilized in the interpretation of the deposi-
tiomal environment and pilweoclimates during
the Tertiary times. Finally, o careful ana-
lvsis of the palynological dots may throw
I‘Eh" on the w;qtn!]nnn] hiﬁtnry of the
Terdigry period of this region
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PLANT REMAINS FROM THE MIODCENE OF KACHCHH,
WESTERN INDIA
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ABRSTRACT

The r—upzr fdenls with g
fumilies, an
Minesne] of Kachchh.

of Rulaceme, Millertbog sppnteiviva s, nv,, M, mioeenioy 5
Coawhi mscd ol rals s, oY, Legirriiscdr pay BRaniemerd s, . Legiriiniiae-
mwd. il depnmiinodtes Mloripecis gf. sive, of  Legamimosne,

P, Y.,
p.ﬁ_ll'.l'pm L dvme v iy i,

lew impressions of legves, frusts and seeds b:lrmprt i 8
neTs and 11 spevies callecied Trom the Kohar Sories CAkda Slage —
They leave boen described here an Morrapa Diaeleans sp. oy,

el

. nay, Macdiimiy & ocfrednbes sl

Clianmamntinm seiok eorofensds s oy, of Lauraceae, Mres Khaelpnel ap, poyv, of Mo

ceae arml Folwraciies J-'#ﬂ'-lf-r'rrm':_Hl;l. iy, ol Falmae,

dry decidinsis vegetaliion i this area

The anser Blags sujigests mids 1o

Eey-wowraln — Mant remains, Rulscese, Lepumingsae, Laumeese, Mormcoeag, Hilmine,

Khan Series, Lower Migoese (Indus),
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INTRODLCTIONN

AKHANPAL and Gulcria have recently

(L981) summarized the work donpe

& M on the Tertinry flora of Kachchh.
Since then a few hitherto unkpnown impres-
siofl of keaves, seeds and frsts have
collected  from the Miccens  beds (Adda
Stage — Aquitantan} of Kachehh {Biswas &
Raju, 1973; Tewar & Singh, 1977) and
described in the present paper.  Thess beds
arcexposed dlong the Khars Nadi (23725°307 ;
Lat., BBE°52* Long) about 2.5 km sputh
af th: village Goyelu, disrict Kachchh,

Guarat. The locality Hes on the southern
bank of Khari Madi about W m cast
of the rogd where it cuts the river bed.
Govela iz about 125 km north-wes! of Bhij
on the Matanomadh-MNaliva route vin Ram-
pur. The impressions preserved in arens-
ceous and light fawn coloured shiles are
totally devold of cuticles.

in conlrast bo the leal-sssemblage des-
cribed From the Eocine of Kuchehh by the
nothors (19511, Tk present  ascembliage
comsists  of smaller leaves of which a large
pumber helong o the family Leépumindsac,
They seem  to indicate relatively  drier

i
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conditions  durmg the Lower-Miocene of
Kachehh,

For the description of leaf-impressions the
system of terminoloey piven by Hickey {1973,
1974) and Dilcher (1974) kas been Tollawed.

The awsthors are thanklul 1o the putho-
rities  af the Fores Reseprch - Insintuie,
Debradun for allowing them to comsull (Tair
herbarivm for identifving the Tossiks,

DESCREFTION (3 IMPRESSIONS
FamiLy — Rutacean

i — Miirvaen Kosn, wy L
Murrava Kharfemsix gp. nov,
L s g 025 Texl=lig. 1A, B

The present specics I8 based on two
impressions of leaflels — 34 and 4.9 ¢m
long respectively,

Dyseription — Leaflets asymmetrical, ellip-
tic; lamina about 34 to 50 ¢m in length
anmd L& 1o 24 cm o in whlth; apex Blwit
acute. 1o short acuminate; bhase asym-
meirica] ) morgin entire; texture thick smooth;
petiolule hardly preserved | wenation pinnate,
eucamptodromois to brochidodromous, pre-
servabion poor; primgry vein (17 single,
size moderste, sliphtly corved: secondary
vebms (270 = wngle of divergeoce  ncute,
56, fing, curved, rarely brinched; ter-
tiary veins {371 forming fine meshes, pattern
mndom o orthotonal retcelate: sreolis
well-developed,  sppearing  triangular to
pentagonal; veinleds Aol seen.

Mseiaaign — The ynporiant  feaiures of
the present Fossil are: (i) asyeunelrical shape,
(i1} srnnll size, (iii} smooth mmeging Gv) Blunt
peute 1o short acuminale apex, (vl thick
smooth feature, and (v) pinnate venation,

The kesves of some of the penera of the
familics Meliaceae, Euphorbisceas, Salva-
dorpogno, Leguminosas and Rutaceae show
nppneent sesemblance with the present fossil
in having one or more of the above men-
tioned characters. The common feature
which the leaves of Meliavewe show with the
fossil is the asymmetrical shape.  Howewr,
they differ in other choracters.  In shape the
small leaves ol Drpperes ravburghn  Wall,
(Putranfive roxburslii Wally of Euphorhi-
geeae show-similarity with the present Fossi
bt they differ in having finely serouted
mrgin,  The legves of Azl fesracarihi
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Text-riia, | — A&, W, Mieraan dburipails sp, pov,
lenflers, = |5,

Eamk. of Salvadoraceae show resemblance
in shape and size but they differ in the
pattern of venation and in havipg distinct
muecronate apex, In Leguminosse the leals
bets of Milfeesia wvalifolie Kure show appo-
tenl  resemblance  wath the present [aasil
hut the leaflets of A svelifoliy differ in
having greater width and weakly reluse gpex.
O the g.'.mi!y Ritadege the leaves or leafets
of some of (he species of Zanthoxpivn Linn,
and  Paraimlgen  fedvlosmed Thinaka, Aegle
aurrelor Corres, Muwreara kocaigdi Spreng,
aid M. pasienfota (Lian) ook {syn, M.
exafica  Linngd  show  better  resemblance
with the present fossil. The leafleis of
Larthaxhem spp. and leaves of Paramipnyn
bediferpei dilfer dm having longer npex than
the present Fossil.  Further, in £, Enid-wri
Ihe petiole is longer, The leaflels. of deple
marmelos show resemblance with the fossil
bul differ in having erenate margim.  Simi-
larly, the leaflets ol Marrava Seerigll though
shuwing gencral similority with the fossil
vel differ in relabively longer apex and
serrpled margin,  Further, the leaflets in M.
kocnigii are chartaceous,  The leaflets of M.
perdenlate show the aearest similanty with the
present Tossil o s shape, size, form, etc,
However, they differ in having Bgger petiolule
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Foszil  Records and  Cownperesonr— The
authors are unaware of dany Mossdl record
af the leaflet of Murrara excepl o daubiiul
spocies of Mireaye, (e Murraad s (),
simply recorded by Furi (1948 p. 113)
withoul any description and photograph
from the Lower Karewa [(Pleisiocenc] beds
ol Indin, ©Obviously, this is for the first
time thut fossil leaflets of Mueradd wre
being deseribed under the binomial Murra
ke harismid sp, Tiow,, the specific cpithet indicat-
ing the locality [Khari Nadi bed) from where
ihe foszil specimens hove been collecied.

Prosent Bivtribution — The gemus Ao r

consists of 12spp, (Willis, 1973, p. Tab), distri-

buted in Eusl Asig, Indo-Malaya and Pacifig
istnnds, 1n India, only two specics, vie., M-
rava peanfrufara and M. heendgiiare Tound.
Murrgya panicidate, with which the present
fossil shows the nearest resemblance, oo
larpe shrub or small evergroen tree, dhisiri-
buted from  Havi epstwards to Assam,
ascending te 1,350 m in Uitar Pradesh,
Bikar, Orissy, South and West India; usually
common n the underwood In ravines und
forests, throughout the hotter parts of India,
Burma, the Andumens and Ceylon, 1t plso
occurs in China, Austrilia and the Pacific

islamdis,

Hefeivpe — BS1LP. Muscum no. 35416,
Paratype — B.S1P. Specimen no, 33417
Locefity — Kharl Madi bed, abobr 2.3 km
south of village Govele, district Kachehh,
Ciujurat. _ .
Horizon & Age — Khari Series (Adda

Stame — Aquitanian); Lower Miocens.

Fasily — LEniuMisgsas

Genmy — Milleftia Wight & Arm.

Millediiy asymmerriea sp. Y.
P 1. figs A6 Text-hg. 2

The present 4pecies is based on three leafict
impressions, 31 om, 3.4 cmoabd 3.9 om lerme.
The impressions are fuirly well-preserved.

PHempripidon Leaflets msyimmaercal, ellip-
tic-wide elliptic; lamina length 3.0-1.9 cm,
maximum width 1,6:2.7 em; apes shortly
acuminaieT; base asymmelricall  margin
entive: festure appearing somewhat coria-
ceouns; petiolule short, 0.1 cm in length;
venation pinnate, eeeamplodromous, poorly
preserved: primary vein (1) single, size
moderite shiehtly curved; secondary veins
(2} angle of diverzence keute, (0 S1°, thick-
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ness fime, corved ; smaller veins forming fine
meslies) pattorn random 1o ortlogenal retiou-
late ; dreolas well-develaped, chape appearing
to be goadripnngolar; veinlets not seen
Digewssion — The importint Textures de-
picted by the present Tossil gre: (1} bsym-
metrical shape, (i) small size, (i) sSmooth

mu.rf:ln. (1w} uhmr!j.' acuminate apex, (vl
wrmmll E1¢I||.1|1||¢. =111 {".-'r] =u1.'.r|.|nph'_ﬂ;|rn-r_|1f_ma
venlicn.

These characiers can be seen in the leaves
of variows perers of & number of (nmilies
s pivem on  page 280, Hpwewer, the
preseni apecimens show bettor resemblonce
with the members of Léguminosse, such s
Dalbergia sivsoe Roxh, 0, larifalie Roxb,,
Ponpaeie piamany (Kinng) Pigree (Syn. P
plabra Venl) and Miletria ovalifalia Kurz,
The leaflets of both the species of atfergla
arg broadly cliptic-orbiculple-ovale,  Also
the npek al 