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THE FOSSIL FLORAS OF KACHCHH -IV. TERTIARY
PALYNOSTRATIGRAPHY

RANAJIT K. KAR

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

ABSTRACT

The palynological work so far done on the various Tertiary sediments of Kachchh
has been reassessed and new information added. Many genera have been redefined
and new genera, viz., Intrareliculites, Retilribrevicolporiles, Dermalobrevicolporiles,
Triangu/orites, Arengapol/enites, Minulilrico/poriles, Acantholricolpiles, Angu/oco/poriles,
Pseudonyssapolleniles, Pi/atrico/poriles, Tribrevico/porites, Triangulolricolporiles, Reli­
tetrabrevico/poriles, Tripi/aoriles, Ligu/ijioraediles, Spinu/otetradiles, Verrudandoliaspora,
Trico/poropilites, Trico/porocolume//ites, Ratariaco/porites, Plicaliaperluriles, Palaeo­
ma/vaceaepo//is, pi/apanporites, Verrupo/yporiles, Khariasporiles, Magnamonocolpites
and Hibisceaepo/lenites have been proposed. On the basis of relative frequency of
all taxa the Matanomadh Formation (Palaeocene) has been divided into (i) Barren
Zone, (ii) Dandotiaspora di/ata Cenozone, (iii) Trico/pites minulus Cenozone, (iv)
Couperipol/is kUlchensis Cenozone, and (v) Sponge spicules Zone; Naredi Formation
(Lower Eocene) has been divided into (i) Lakiapol/is ovalus Cenozone, and (ii)
Lygodiumsporites /akiensis Cenozone. The Middle Eocene palynological assemblage
has been divided into Proxapertites microrelicu/atus Cenozone for Harudi Formation
and Chei/anthoidspora enigmata Cenozone for the Rataria bore-core. Maniyara
Fort Formation (Oligocene) has been divided into (i) Opercu/odinium cenlrocarpum
Cenozone, (ii) Trisynco/piles ramanujamii Cenozone, and (iii) Ap/anosporiles robuslus
Cenozone and Khari Nadi Formation (Miocene) has been classified into (i) Cordo­
sphaeridium cantharel/um Cenozone, (ii) Slriatri/eles susannae Cenozone, and (iii)
Opercu/odinium israelianum Cenozone. Thus in total, there are approximately 179
spore-pollen species in Palaeocene, Lower and Middle Eocen~, Oligocene and Miocene.
Of them, 42 species are confined to Palaeocene, 39 species to Eocene, 25 species to
Oligocene and 21 species to Miocene. The Lower Eocene has maximum number (113)
of spore-pollen species. The population gradually decreases and in Miocene only
three species of angiosperms are recorded. On the basis of morphological characters
of spores and pollen grains the families Parkeriaceae, Amaranthaceae-Chenopodiaceae,
Clusiaceae, Bombacaceae, Malvaceae, Acacieae, Caesalpiniaceae, Rhizophoraceae,
Lecythidaceae, Meliaceae, Ctenolophonaceae, Polygalaceae, Alangiaceae, Apiaceae,
Asteraceae, Poaceae and Arecaceae could be recognized. The palynological cenozones
proposed in this paper have also been compared with other known assemblages
from India.

Key-words- Morphotaxonomy, Palynostratigraphy, Kachchh, Tertiary (India).
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TABLE 1- TERTIARY CHRONOSTRATIGRAPHY OF KACHCHH (AFTER BISWAS, ·1971)

BiOTA
AGe SERIES STAGE L!THOSTRATfGRAPHY

------_.
Rann silt, alluvium.

blown sand, etc.
panly consolidated

Conglomerates, grits.
kankars, elc. Oyster
beds, raised beachcs,
lerrace beds, etc.

----- - - - - - Unconformity - - ~

~
Milio]ilC Pclletoidal calcareous

Formation sa.Qd.stones, sand y pel-
16 m (+J mlcrlles and sandy

cOITI;cri(es

_•• Disconformily - - -

Kaokawali Grey sandstones. pink.
Series fossiliferous calcareous

J()() m (, ) gril5 and conglo-
merates with subordi-
nate shales

- - - Disconformily - --

Hclvcuan 10 Yinjhan S!;Jge Grey and khaki c1Cly
Burdigalian 140 m whit fossiliferous marls

EpOCH

H.olocene to
Plci~IOCt.:ne

Pliocene 10

?Plcisto..:cnc

~

Miocene

Aquilanian
Khari Series

200 n1

- - Tra nsgressive overlap - ­
Variegated siltslones

Microfauna

Species of Lagcnidac, Rola­
lldae, Miliolidae

Textularia sp., QuiJ/que/vel/lina
sp., SpiroloCi//ina sp., NOllion
sp., Rotalla sp., £Iphldium sp.
etc.

Miogypsliw globll/illa, M. droo­
gerl, Austrorillina hOfl"chilli,
Archais sp. nnd several oslra­
codes

M. tani, M. de/wart', Oper­
culina sp., Lipidocyc/ina sp.
and Ostracodes

~4icrofaunalFlora

-

None

Dahl/US (?) sp., Ostrcll
SPI, Dlpterocarpoxyion
nwlalli,. and Iricolpalc
pallen

Ost,.ea /alill/argil/ata,
O~ angu/ata, Breynia
eafinala, Glypea.fter
Sp.l, Turritella, Conus,
Ciilris, Physa, Murex
and olher gaslropods,
corals, bryozoa, crabs,
sh[,rk leeth, elC.

SEDIMENTARY FACIES
_\ND ENYLRONMEN,/

TECTONIC E1'\VIRONMENT

Mostly 3renaccous
facies. Marine l1uvial
and aeolian

Calcareous arenilcs
Aeolian

Mostly arenaceous. wilh
minor shales and car­
bonale rocks. Tram.i­
lional environment­
eSluarine 10 deltaic

Lutites and marlites.
Epinerilic 10 neritic
environmenl

BIOSTRATIGRAPHIC
UNITS, ZONES DEfiNING

BOUND,\RLES

Poorly fossiliferous 10
locally fossiliferous

4. Poorly fossiliferous
zone

3. Ammonia assemblage
zone

2. ,\f. excentrica/.\{.glo­
bulinn Zone

1. M. globillina zone

2. ,\4. IlI/liiA/. ddW'/rri
"Zone

1. Poorly fossiliferous
zone

STR..4.TO-TYPES

Saurashlra coasts. In
Kachchh best out­
crops are seen in
Cbarwar and Dhola
ranges

Kankawati River In
South-wl;stcr n Kach­
chh from one mile
south of Vinjhan \0
Sand han

For the Series:
Khari River Sectlon
of the south-western
Kachchb between
Goycla and Chhasra.

For the Vinjhan Stage:
[n K<lnkawali river
beh"een Vinjhan and
Khirasra. For Ihe
Aida Stage: Aida sec­
tion of Khari River
between lat. 2J'~25'

50'; long. 68 0 49'30"

The stream \~est of
Ran1J.nia flowing bet­
ween .Ihulrai a~d

Aida (tributary of
Khari Rivcr),belwecn
the crossings of the
Ramania-Fulrai and
Goye1a-Walasar cart
tracks

Serics is _well exposed
in stream section ncar
Ber .\1ota. Waior
nala clifT section
about 500 yards. north
of Waior Village, is.
thc type section for
the Waior Stage

MiogJPsin.7 cOl1lplan.1ta!
,\1. cf. f,ernl"lrfi.::i zone

2. V.jichtell-inrermedillsJ
En/epic/ilia Lone

I. ,V. fichteli-intennedills
lone

Marlilc faeics. Epine.
ritlc environment

Silty carbonate facies.
Eplnerilic environment

Peden, Ostrea, echinoid
and sarpula common,
\'arieties of gaslropods.
corals and broken
bones of repliles

Varieties of gaslropods
Clnd lametlibranchs,
echinoid spines of
PO'7ocidaris and bones
of reptiles. Coral bio­
he'l1ls common ncar
thl,( top

Spiroclypeus ran/allae, Miagyp­
sina comp/anala, M. sp.. Bair­
doppililta sp. and several olher
oSlracodes

Nummuliles illfermedius, N.
c1ipeus, N.fieltteli, Operculina
sp.. Asterigerina sp., [cpido­
cylina sp.

- - - D;aslcm (erosional) - -------

Dirty white 10 rellowish
banded marbles and
impure limestones with
glauconitic pellets,
calcareous clayslones.
Presence of glauconite
pellcts very charac-
teristic

- -Disconfonnily ([eeble)-­

Banded Cream coloured
fossiliferous silty marls,
s.ilty shales and glauco­
nitic sandstoncs and
grecn sand beds

Waior Stage
10 m

Ramania Slage
30 m

Ber Moli Series
J8 m

Chan ian

Laltorfian to
Rupelian

Oligocene

Kakdi nadi section
from Naredi to a
point !at. 23 'J7'5Qw
long. 68 'J7'JO~

The series strato-type
is. Berw::di Nadi flow­
ing from 2 miles
south of Aaranda to
Ber .!"'br;~ T!":c [l~bb

SI<lgt.: is wcll exposed
in Sabia hill section

The area around
Matanomadb. Madh­
wali Nad i exposes a
good section of this
series just soulh of
the vJllages

J. Poorly fossiliferous
7..Qoe

2. A, granulosa-N. ara­
ciclIs zone
Poorly fos.::,ilifcrous
.lone

-----------
4. T. roltri zone
J. O. becknuumi zone
2. N. pt>r!vrarus-T. ropi­

lemi~ 7.one
P("Ior!y k~,:i!if~r~'.l~

zone

Fir:'.l appcJ.Llllce of
marine fos-;il<;

Marine fossils absent

Bioclastic limestones ill
l''lI'riri(; ""y ir0I1JTIent

Terrestrial Java flows

Trap-wasb and vol­
cano elaslic sedimcnts.
Continonlal to :>upra­
littoral environment

Mainly argillites:
Littoral to l<lgoonal
environment

None

only plant fossils: An-

~l~~~e~~c~e:I~i~r~~:
ca~ fossils

Osrlea sp. and other
lafldlibranchs, eChi­
noids. Eupataglls sp.,
Ec1r;nolampous sp. ete.

~~f~~i,d:~~~ral ;~~~ici
of lamellibranchs. gas-

~~f:~dsSpl.~c~~~~~sgi~;.t
and shark teeth

Val/lilus sp .• Tllrrirella
sp .. Cardira sp., Myri­
(us sp., Osrrea <;p.

Fossil angi03permic
leavC'S

ScerI only in intcr­
Irappean bed: Mainly
Phjsa cf. prillsepii,
Palr/.dina sp., Lymnea
sp,:

Rare

None

Nummulites aCarus, N. Ob/IISUS,
N. slemifleus, N. beauIIlonli,
DiJcocyli,/(J jal"(llla, D. dis­
pansa, A/~'eolillil el/iplico Assi­
lina erprmellS, Halkylirdia
minima, Dictyocolloides cookU',
Orbulinoides heckmannl, G.

!romosa, TrrlllCflforaloirfes
rohrl, T. (opilcnsis and Globi­
gerapsis kug/eri

Nummulites ataciclls, ASjilil/{/
granulosa, A. silbspinosa, A.
(e)'lIlcrie, N. I!wlic{fs, Globi­
gail/a aql/iel/sis and G. wit­
coxens;s

Seen only in intertrappean
beds. Only ostracodes: Ell·
cypris, l/liocyprls, Cypris,
Paracypria, Calldona, Eucan­
dOlla

_. - - - Paraconformity - -­

Uppcr 22-40 [,
Cream and buff mas­
sive silty limestone
packed with foramini­
fera

Lower 13 m
G reeo;sh grey fossi Ii.
fercus calcarcous clay,
sandstone

_. -- - DisconformilY - - - ------------­

Upper 14 m
Grey shalt-s and late­
rilcs

Lower 25 m
Brown gypseous shales
and green glauconitic
~halc:o, with thin fossili­
ferous m::lrls and mud
b"Us. Locally, gyp­
seous shales with red
ochrc and black shales
with lignite

- - - . - '2~~:£~_~~l!:.i_~~ - - - -----r
Lateritic conglomerates,

laterites, bauxites, t u
faceous Shales, sand­
stones,grits, bentonitic
and ferruginous days
wlib volcanic asb

- - - - - Unconformity • - ­

Dark. green basalts:
Alternating flows of
columnar and amygda·
loidal basalt. LocalJy
intertrappcan beds are
present

Babia Stagc
~5-56 m

Kakdi Stage
40 m (+J

Madh Series
50 m (+)

Deccan Trap
Formation

450 m(+)

BerwJIi Series

Lutelian

ypresian

Eocene

Palaeocene

Upper Creta­
ceous to

"lPaLLcocene
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CYATHIDITES AUSTRALIS
CYATHIDITES MINOR
LYGODIUMSPORITES LAKIENSIS
LYGODIUMSPORITES EOCAENICUS
LYGODIUMSPORITES PACHYEXINUS
TODISPORITES MAJOR
TODISPORITES MINOR
TODISPORITES KUTCHENSIS
DANDOTIASPORA DILATA
DANDOTIASPORA PLICATA
DANDOTIASPORA TELONATA
INTRAPUNCTISPORIS INTRAPUNCTIS
INTRAPUNCTISPORIS APU NCTIS
OSMUNDACIDITES MICROGRANIFER
OSMUNDACIDITES MINUTUS
FOVEOSPORITES SP
LYCOPODIUMSPORITES BELLUS
POLYPODIACEAESPORITES LEVIS
COUPERIPOLLIS RARISPINOSUS
COUPERIPOLLIS KUTCHENSIS
COUPERIPOLLIS ACHINATUS
COUPERIPOLLIS ROBUSTUS
MATANOMADHIACOLPITES KUTCHENSIS
MATANOMADHIACOLPITES MATANAMADHEN61S
PALMAEPOLLENITES KUTCHENSIS
PALMAEPOLLENITES NADHAMUNII
PALMAEPOLLENITES OVATUS
PROXAPERTITES MICRORETICULATUS
TRICOLPITES RETICULATUS
TRICOLPITES PARVIRETICULATUS
TRICOLPITES CRASSIRETICULATUS
TRICOLPITES BREVIS
MINUTITRICOLPITES MINUTUS
TRICOLPITES BACULATUS
TRICOLPITES RETIBACULATUS
TRICOLPITES MATANOMADHENSIS
UMBELLIFEROIPOLLENITES CONSTRICTUS
PSILASTEPHANOCOLPITES GUADUENSIS
RETISTEPHANOCOLPITES FLAVATUS
LAKIAPOLLIS OVATUS
RETITRIBREVICOLPORITES MATANAMADHENSIS
MELIAPOLLIS RAMANUJAMII
MELlAPOLLIS QUADRANGULARIS
TRIANGULORITES BELLUS
TRIANGULORITES TRIRADtATUS
PROTEACIDITES PROTRUDUS
TRIPOROPOLLENITES MULTIFORMIS
TRILATIPORITES KUTCHENSIS
SONNERATIOIPOLLIS BELLUS
PSEUDONOTHOFAGIDITES KUTCHENSIS
KIELME YERAPOLLENITES EOCENICUS
INAPERTUSPORITES KEDVESII
PHRAGMOTHYRITES EOCAENICA
DIPORICELLAESPORITES STAC YI
NOTOTHYRITES SETIFEROl,JS

Tf-?\T-FIG. 3 - Showin~ the percentase of different spore-pollen species in Malanomadh Formation.
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81RETISPORITES BELLUS
BIRETISPORITES CONVEXUS
TODISPORITES KUTCHENSIS
DICTYOPHYLLIDITES SP
DANDOTIASPORA DILATA
DANDOTIASPORA PLiCATA
LYGODIUMSPORITES LAKIENSIS
INTRAPUNCTISPORIS APUNCTIS
OSMUNDACIDITES SP
LEPTOLEPIDITES SP.
LAKIASPORITES TRIANGULUS
LYCOPODIUMSPORITES PARVIRETICULATUS
CHEILANTHOIDSPORA ENIGMATA
LAEVIGATOSPORITES LAKIENSIS
SENIASPORITES VERRUCOSUS
SCHIZAEOISPORITES PALANAENSIS
RETIPILONAPITES CENOZOICUS
PALMAEPOLLENITES KUTCHENSIS
PALMAEPOLLENITES OVATUS
PALMAEPOLLENITES NADHAMUNII
DRACAENOIPOLLIS CIRCULARIS
ARECIPITES BELLUS
COUPERIPOLLIS KUTCHENSIS
COUPERIPOLL IS RARISPINOSUS
COUPERIPOLLIS ACHINATUS
COUPERIPOLLIS BREVISPINOSUS
ARENGAPOLLENITES ACHINATUS
RETIMONOSULCtTES ELLIPTICUS
MATANOMADHIACOLPITES BACULATUS
PROXAPERT ITES MICRORETICULATUS
TRICOLPITES RETICULATUS
TRICOLPITES BREVIS
MINUTITRICOLPITES MINUTUS
TRICOLPITES LEVIS
UMBELLIFEROIPOLLENITES OVATUS
UMBELLIFEROIPOLLENITES CONSTRICTUS
RHOIPITES KUTCHENSIS
PSEUDONYSSAPOLLENITES KUTCHENSIS
SYMPLOCOIPOLLENITES KUTCHENSIS
MARGOCOLPORITES TSUKADAI
MARGOCOLPORITES SAHNII
LAKIAPOLLIS OVATUS
RE TITRIBREVICOLPORITES MATANAMADHENSIS
PELLICIEROIPOLLIS LANGENHEIMII
VERRUCOLPORITES VERRUCUS
MELIAPOLLIS RAMANUJAMII
MELIAPOLLIS MELIOIDES
MEL~POLL~ QUAbRANGULA~S
STRIACOLPORITES STRIATUS
STRIACOLPORITES OVATUS
RETITETRABREVICOLPORITES GLOBATlJS
POLYBREVICOLPORITES CEPHALUS
RETISTEPHANOCOLPITES FLAVATUS
TRIANGULORITES BELLUS
DERMATOBREVICOLPORITES DERMATUS
TRIANGULORTES BREVIS
TRIPILAORITES TRIANGULUS
CRYPTOPOLYPORITES CRYPTUS
THYMELAE POLLIS CROTONOIDES
PSEUDONOTHOFAGIDITES KUTCHENSIS
INAPERTUSPORITES KEDVESII
MONOPORISPORITES STOVERII
DIPORICELLAESPORITES STACYI
PLURICELLAESPORITES PLANUS
PHRAGMOT HYRIT ES EOCAENICUS
BOTRYOCOCCUS PALANAENSIS
ALGAL MICROPLANKTON

TEXT-FIG. 6-Showing. (he percentage or different spore pollen species in Panandhro lignite field.
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BIRE TISPORITES BELLUS
TODISPORITES KUTCHENSIS
TODISDORITES FLAVATUS
DANDOTIASPORA PliCATA
LYGODIUMSPORITES LAKIENSIS
INTRAPUNCTISPORIS APUNCTIS
OSMUNDACIDITES KUTCHENSIS
LEPTOLEPIDITES SP.
LAEVIGATOSPORITES LAKIENSIS
LAEVIGATOSPORITES COGNATUS
POLYPODIACEAESPORITES SP.
CLAVATIPOLLENITES CEPHALUS
ARECIPITES BELLUS
PALMAEPOLLENITES KUTCHENSIS
PALMAEPOLLENITES NADHAMUNII
PALMAEPOLLENITES OVATUS
PROXAPERTITES MICRORETICULATUS
DRACAENOIPOLLIS CIRCULARIS
lILiACIDITES ELlIP11CUS
COUPERIPOLLIS PERSPINOSUS
COUPERIPOLLIS RARISPINOSUS
COUPERIPOLLIS KUTCHENSIS
TRICOLPITES RETICULATUS
1RICOLPITES BREVIS
MINU11TRICOLPORITES MINU1US
UMBELLIFEROIPOLLENITES OVA1US
RHOIPITES KUTCHENSIS
NYSSAPOLLENITES KU1CHENSIS
LAKIAPOLLIS OVATUS
RE TI1RIBREVICOLPORITES MA1ANAMADHENSIS
PELLICIEROIPOLLIS LANGENHEIMII
MELIAPOLLIS RAMANUJAMII
MELIAPOLLIS QUADRANGULARIS
STRIACOLPORITES STRIA1US
STRIACOLPORITES OVATUS
STRIACOLPORITES CEPHALUS
PALEOSANTACEAEPITES PRIMI1IVA
PAL EOSANTACEAEPITES ELLIPTICUS
RE TIT ETRABREVICOLPORITES GLOBATUS
RETISTEPHANOCOLPI1ES FAVA1US
GHOSHIACOLPITES GLOBA1US
1RILATIPORITES KU1CHENSIS
SONNERATIOIPOLLIS BELLUS
PROTEACIDITES PROTRUDUS
TRIPILAORITES TRIANGULUS
INAPERTUSPORITES KEDVESII
PHRAGMOTHYRITES EOCAENICUS
N010THYRITES SElIFEROUS
PLURICELLAESPORITES PLANUS ~
BOTRYOCOCCUS PALANAENSIS r

TEXT-FIG. 7 - Showing the percentage of diffaent spore pollen species in bore-cOI'e no. 13.
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CYATHIDITES MINOR
BIRETISPORITES BELLUS
DANDOTIASPORA PLiCATA
TODISPORITES KU1CHENSIS
LYGODIUMSPORITES LAKIENSIS
INIRAPUNCTISPORIS APUNCTIS
OSMUNDACIDI1ES KU1CHENSIS
LEPIOLEPIDITES MAJOR
CHEILANTHOIDSPORA ENIGMATA
LYCOPODIUMSPORI1ES PARVIRE lICUL AT US
LAEVIGAIOSPORITES LAKIENSIS
POLYPODIACEAESPORITES LEVIS
SENIASPORI1ES MINUWS
CLAVATIPOLLENITES CEPHALU'5
PALMAEPOLLENITES KUTCHENSIS
PALMAEPOLLENI1ES NADHAMUNII
PROXAPERT 11 ES MICRORElICULATUS
MAIANOMADHIACOLPI1ES BACULATUS
RElIMONOSUCI1ES ELLIPTICUS
COUPERIPOLLIS RARISPINOSUS
COUPERIPOLLIS KU1CHENSIS
COUPERIPOLlIS PERSPINOSUS
COUPERIPOLLIS ACHINAWS
ARENGAPOLLENITES ACHINATUS
TRICOLPI1ES REllCULATUS
IRICOLPI1ES BREvIS
MINU111RICOLPORI1ES MINUWS
IRICOLPI1ES LEVIS
UMBELLIFEROIPOLLENITES OVATUS
CUPULIFEROIPOLLENITES OVATUS
RHOIPITES KUTCHENSIS
PSEUDONYSSAPOLLENITES KUTCHENSIS
MARGOCOLPORITES TSUKADAI
LAKIAPOLLIS OVATUS

RE TITRIBREVICOLPORI1ES MATANAMADHENSI
PELLlC!EROIPOLLIS LANGENHE IMII
MELIAPOLLIS RAMANUJAMII
MELIAPOLLIS RAOI
MELIAPOLlIS NAVALEI
MELIAPOLLIS QUADRANGULARIS
SlRIACOLPORITES STRIAIUS
PLATONIAPOLLENIlES IRATUS
RE TI1EIRABREVICOLPOR liES GLOBATUS
POLYBREVICOLPORITES CEPHALUS
RElISTEPHANOCOLPI1ES GRANULATUS
RE TISTEPHANOCOLPIlES FLAVATUS
GHOSHIACOLPITES GLOBAIUS
IRIPILAORIIES TRIANGULUS
TRIPOROPOLLE Nil ES MUUIFORMIS
TRILATIPORITES KUTCHENSIS
SONNERAlIOIPOLLIS BELLUS
PROTEACIDI1ES PROTRUDUS
PSEUDONOTHOFAGIDITES KU1CHENSIS
THYMELAEPOLLIS CROTONOIDES
INAPERTUSPORI-:'ES KEDVESII
PHRAGMOTHYRITES EOCAENICUS
NOIOTHYRIlES SETIFEROUS
PLURICELLAESPORITES PLANUS
BOTRYOCOCCUS PALANAENSIS

TEXT-FIG. 10- Showing the palynological succession in bore-core no· I, near Lakhpat.










































































































































































































































































































































































