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Tn Kerala Basin the Teniary sedimentary sequence is represented by Quilon and Warkalli formations Palaeo
associations of upland. lowland. t·resh·water, sandy beach and mangrove vegetations have been figured out.
Composition of the palynological assemblages indicates the existence or tropical rain forests with a high degree of
rainfall Dinoflagellate cysts and pollen grains of /Jarringtoma. Rhizophora, Nypa and Calamus suggest deposition
under brackish water mangrove svvamps. 111e sandy beach conditions are indicated by Palmidites, Palmaepo/lenites
and QUilonipollenites. Divergent views on the age of Quilon and Warkalli formations have been reconsidered on
the basis or new palynological evidences.
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MOST of the palynological studies on the Quilon
and Warkalli formations (KeraJa Basin) have nOt
been related to stratigraphically located samples.
They are confined only to a meagre number of grab
samples. Thus the accrued palynological evidence
cannOt be considered authentic to draw a
successional picture of the vegetational history
though Ramanujam (1982) opined that the two
formations pertain to a single time transgressive
unit, being Early to Middle Miocene in age.

In the recent past, Raha, Rajendran and Kar
(1987) and Rao (1989) have systematically studied
palynofogy from the bore-holes of Ambalapuzha and
Arthungal (Alleppey District, Kerala), respectively
(Map 1) They have used palynology as the basis for
assigning Eocene to Early Miocene age to the
successions studied.

TIle present paper reassesses the available
palynological data from the Tertiary sediments of
Kerala Basin in the light of recent palynological
advances made in this area, with a view to identify
ecologically and stratigraphically significant
palynotaxa as related to habitat and time. An attempt
has also been made to reconstruct vegetation of the
past so as to understand its possible impact on the
evolution of the modern flora. Some important
contributions made on the Tertiary palynology of
Kerala Basin are: Rao and Vimal (1952), Vimal
(953), Potonie and Sah (1960), Ramanujam (1960,
1966, 1972, 1977, 1982, 1987), Ramanujam and Rao
(1971, 1977,1978), Jain and Kar (1979), Ramanujam
and Srisailam (1978), Ramanujam, Srisailam and
Reddy (1981), Rao and Ramanujam (1978, 1982), Kar
and Jain (1981), Varma and Patil (1985), Varma,
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GEOLOGY

Map l-Kerala Basin showing localilie, of Teniar,' exposures.

Pteridophytes

Lycopodiaceae
(Lycopodium)
Ophioglossaceae
( Ophioglossum)
Dicksoniaceae
Sch izaeaceae
Schizaeaceae
Sch izaeaceae
Gle ichen iaceae
(Gleiebenia)
Parkeriaceae
Sch izaeaceae
Cyatheaceae
Cyatheaceae
Osmundaceae
'Hymenophyllaceae
Lycopod iaceae
Pteridaceae (Pteris)
Pol Yrod iaceae
Pol ypod iaceae
Pol Yrod iaceae

Foueospori tes

Cibotiid i tes
Lygodi/lmsporites
Crassoretitriletes
Sebizaeoisporites
Gteiebeniidites

PALYNOLOGY

Ven'ucosisporites

Striatriletes
tJllrabacllli~poris

Cyalhidites
Alsopbilidites
OSlJ7undacidites
Bireti~porites

LyeopodillJ17Sporites
Pteridaeidi tes
Laeuigatosporites
Polypodiaeeaespori tes
Polypodiisporites

These beds are similar to Warkalli Formation but are
more arenaceous and coarse-grained.

The Quilon and Warkalli palynological
assemblages consist of 135 genera and 165 species.
Ptericlophyric spores and angiospermous pollen
constitute an important part of the assemblage.
Dinoflagellate cysts and fungal remains are also
commonly met With. On the basis of the
morphological similarities. botanical affinities of
some Quilon and Warkalli palynofossils have been
tagged with modern families, as tabulated below:

11·
00'

9·
00'

8·
OV

77. 145 '

('"

76· I00'

76· 100'

§ KERALA

'\""''-. 0 50Km N
Kasargo[ "- 1" ~ I;;;;;l-oI 1
Nilesh ....ar~ 'L ...... -</

\.. If
-"-:... 1ft A 'f.. ~-
-f- '- A \ -../ '- /

'--...... f
r./ '--

'-, /'
')
'- ./t '?

(':>
'- -:s

'7? ,/
I ('"
~//\ "f..

(' "1'

I 0
)

L. ...... C
Kottayam )

'? I
)

(

Padappa~kara

r'
\
(

(ochin
BASIN

Arthungal
Alleppey

~l---------" Ambala
pU2ha

o.uilon

B·
00'

9·
00'

11·
00'

74" 130'

Ramanujam and Patil (1986), Raha, Rajendran and
Kar (1987). Varma (1987) and Rao (989).

Angiosperms

Monocotyledons

Potamogetonaceae
(Potamogeton)
Arecaceae
Arecaceae
Arecaceae
( Oncosperma)
Arecaceae
Arecaceae (JVypa)
Arecaceae
( Eugeissonia)
Arecaceae (Calamus)
Arecaceae
(Sclerospenna)
Arecaceae (Salaea)Pa ra uu npollis

Dicolpopollis
Trila tiporites

Retipilonapites

LangClpertites
Spinizonocolpites
Qll ilon ipollenites

Palma epollen ites
Areclpites
Cia uapalmaedites

The Tertiary sediments of Kerala coast are well
known as Warkalli and Quilon formations. These
rocks were first described by King (1882) and Foote
(1883). The Quilon Formation consists of
limestOnes with intercalations of calcareous clays,
carbonaceous clays and sand whereas the Warkalli
Formation comprises \'ariegated sandstOnes
interbedded with white plastiC and variegated clays,
carbonaceous clays and seams of lignite or peaty
lignite. The Tertiary sequence rests unconformably
over the Archean crystalline complex. It is
succeeded by recent to subrecent marine and
estuarine sediments (Poulose & Narayanaswami,
1968). A recent study of the lithology based on some
bore-hole information resulted in the institution of a
third formation, viz., Vaikom Formation, underlying
the Quilon Formation (Rao. 1975; Rao et a/., 1975).
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Dicotyledons

PALAEOECOLOGICAL ANALYSIS

Text-figure 1-Disrribution of different ecological group of
plants in Quilon and Warkalli formations.
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Polyporina
Caryophyllidites
Umbelli]erolpollenites
Neyuelzpollenites
Myricaceozpollenites
Cricotriporites
Lacrimapollis
Ciavatricolporites
Warkallipollenites

Rao and Ramanujam (1982) and Varma (1987)
brought out ecological significance of palynofossils
from Quilon Formation and Tonakkal clays (Kerala
State), respectively. The proposed ecological groups
seem ro be far more in number than necessary. We
have fed the available data to the computer and
prepared an area graph (Text-fig. 1). The qualitative
aspect of palynological data and palaeogeographical
locale of the Tertiary sequence of sediments of
Kerala Basin in the Indian subcontinent do not
confirm the presence of montane elements (Rao &
Ramanujam, 1982; Varma, 1987) The terrestrial
elements represented by upland (relief) and
lowland floras rapidly merge with the fresh water
elements which lose hold towards the vicinity of
tidal mud flats and coastal shore-line.

Palynological data was thoroughly combed and
ecologically significant palynotaxa were selected
and segregated for identifying various habitats_ The
palynoflora of Quilon and Warkalli formations has
been segregated under the folloWing different
ecological groups such as upland, lowland, fresh
water, sandy beach and mangrove.

Iridaceae
Uliaceae

Combretaceae
Ebenaceae
Loranthaceae
(Lorantbus)
Loranrhaceae
Rubiaceae (Coprosma)
Sapindaceae
Sapi ndaceae
Araliaceae
(Aralia)
Symplocaceae
( Symplocoa)
Rh i zophoraceae
(Rbizophora)
Bombacaceae
Hippocra teaceae
( Hippocratea)
Capri fol iaceae
Asteraceae
Ctenolophonaceae
( Ctenolophon)
Lamiaceae
Lamiaceae
Meliaceae
Saporaceae
Myricaceae
Casua ri naceae
( Casuarina)
Son neratiaceae
Proteaceae
Haloragaceae
(Myriophyllum)
Onagraceae
Olacaceae
(A nacolosa)
l1,-ymeliaceae
Droseraceae
Droseraceae
( Drosera)
Caesalpiniaceae
Bombacaceae
(Durio)
Sonneratiaceae
Malvaceae
Chenopodiaceae

Dipterocarpaceae
Oleaceae

Euphorbiaceae
Euphorbiaceae

Jridacidites
Liliacidiles

Gothanipollis
Palaeoeoprosmadites
Talisizpites
Cupaniedites
Araliaceozpollenites

Zonocostites

Polyeolpites
Retistepbanocolpites
Meliapollis
Sapotaceoidaepollenites
Myriczpites
Casuan·niidites

VelTutriporites
Proteacidites
Haloragracidites

Bombacacidites
Hippocrateaceaedites

Clauaperzporites
Ornatetradites
Droseridites

Crotonoidaepolleni tes
Crototricolpites
Retitricolporites
Dipterocalpoides
Retitricolpites
(some spp.)
Heterocolpites
Psilatricolpites
Loranthzpites

Trisyl1iColpites
Lakiapollis

Sonneratiopollis
Malvacearumpollis
Cbenopodipollis

Triorites
Anacolosidites

Cauueripollis
Compositozpollenites
Ctenolophonidites

Symplocoipo/lenites
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Upland elements

Palmaepollellites
Qu ilonzpolle17 ites

Longapertites
Dicolpopollis
ParaVL/ripollis
Spinizonocolpi tes

Umbelliferozpollenites
Symplocoipollenites

Hzppocrateaceaedites
Proteacidites
Palaeocoprosmadites

Clavaperipon·tes
Compositozpollenites

Apiaceae
Symplocaceae
(Symplocoa)
Hippocrateaceae
Proteaceae
Rubiaceae
(Coprosma)
Thymeliaceae
Asteraceae

Cupaniedites Sapindaceae
( Cupania)

Sandy Beach elements

Arecaceae
Arecaceae
( Eugeissonia)
Arecaceae
Arecaceae
Arecaceae
Arecaceae (Nypa)

Fresh water elements

Lowland elements
Mangrove elements

The palms generally tend to remain awav from
the stOrm tide and dominate the sandy beach flora.
The mangrove swamps are confined to littoral
regions between low tide and high tide all along the
estuaries of rivers and on low mud flats of the sea
coast. The fresh·water elements are conspicuous and
may be representing the lowland and upland
elements of the flora. They dominate the
assemblages at all levels characteristic of tropical
rain forests.

The spores of Schizaeaceae, Parkeriaceae,
Osmundaceae, Polypodiaceae and pollen of
Arecaceae, Rhizophoraceae, Verbenaceae,
Hippocrateaceae, Caesalpiniaceae, Combretaceae,
Sapotaceae, 0 i pteroca rpaceae, Me I i aceae,
Ctenolophonaceae, Oleaceae, Moraceae and
Anacardiaceae in the palyno-assemblage of Quilon
and Warkalli formations clearly indicate the
prevalence of tropical climate at the time of
deposition.

The presence of fungal remains, viz.,
Pbragmotbyrites, Nototbyrites, Parmatbyrites,
Multicellaesporites, Pluricellaesporites, fern spores
and tropical rain forest elements -belonging to the
families Ctenolophonaceae, Oleaceae,
Dipterocarpaceae, Moraceae and Alangiaceae
confirm high degree of rainfall

Similar palaeoclimatic derivations have been
made by Awasthi and Ahuja (1982) on the basis of
fossil woods, viz., Calopbyllum, Drybalanops, Gluta,
Swintonia, Terminalia, Diospyros, Litsea,

Meliaceae
Tiliaceae
Anacardiaceae
Alangiaceae
(Alangium)
Rhizophoraceae
(Rbizopbora)
Verbenaceae
Combretaceae
Lythraceae

Zonocostites

Retitricolporites
Heterocolpites
Verru tricolporites

Meliapollis (some spp.)
Intratriporopollenites
Rbozpites
Ala rzgipollis

Lycopod iaceae
(Lycopodium)
Schizaeaceae
(Lygodium)
Schizaeaceae
(Lygodium)
Schi zaeaceae
(Scbizaea)
Pteridaceae
(Pteris)
Polypodiaceae
(Polypodium)
Polypodiaceae
(Polypodium)
Pol ypod iaceae
Parkeriaceae
( Ceratopteris)
Liliaceae
Lecyth idaceae
(Barringtonia)
Ebnaceae
Crenolophonaceae
( Ctenolopbon)
Lentibulariaceae
Caesalpiniaceae
(Caesalpinia)
Caesalpiniaceae
Sapotaceae
Meliaceae
Moraceae
Olacaceae
(Anacolosa)
Droseraceae
(Drosera)
Potamogetonaceae
Araliaceae
Haloragaceae

Bombacaceae (Durio)
Euphorbiaceae
Rubiaceae

Ornatetradites

Trisyncolpites
Sapotaceoidaepollenites
Meliapollis
Tnporop0 lien ites
Anacolosidites

Neyvelzpo/lenites
Margocolporites

Psila tricolpites
Ctenolopbonidites

Scbizaeoisporites

Retipilonapites
Araliaceoipollenites
Haloragacidites

Lygodiumsporites

Laevigatosporites
Striatriletes

Polypodiisporites

Pteridacidites

Crassoretitriletes

Liliacidites
Marginzpo/lis

Polypodiaceaesporites

Lycopodiumsporites

Lakiapo/lis
Tricolporopolfis
Favitricolporites
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C)'}/O!111!tra, Conyslylus and Leea reported from the
Neogene of Varl,ala in Kerala Coast.

Dinoflagellate cvsts (Opercu/odinillm,
AchomosplJoera and TIJalassljJlJora) and pollen of
Barringtonia, RIJizoplJora, Lllmnitzera, Nypa,
CalamllS, Araliaceae, Sapindaceae. Meliaceae and
Droseraceae indicate the existence of brackish water
mangroye swamps. Pollen comparable to
Potamogetonaceae. Haloragaceae and Droseraceae
indicate the presence of fresh water lakes or ponds.
dotting the inland landscape, away from the
mangrove belt. The sandy beach conditions have
been inferred by the presence of palm pollen
(Palmidiles, Palmaepolleniles and QUilonipollenites).

Trianguloriles hellus Cenozone (Eocene) Each
cenozone contains age definitive and ecologicallv
important palynofossils, the details of which are
gi\'en in the abo"e mentioned paper. It is quite
ob"ious from this palynological data that the
Arthungal bore-hole penetrates through strata
ranging in age from Eocene ro Early Miocene.

Thus, on the basis of subsurface Arthungal
palynofossils it is suggested that the entire Tertiary
sequence of Kerala Basin may ha\'e to be restudied
palvno!ogicalh- both from the surface and subsurface
for finer resolution of the age before a tangible
conclusion can be made.

DISCUSSION

The Quilon and Warkalli formations of Kerala
ha,'e yielded a "ariet)' of pteridophytic spores and
angiospermous pollen (Table I). Dinoflagellate
Cysts and fungal remains are also present whereas
the gymnospermous pollen are poorly represented.
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AGE OF QUI LON AND WARKALLI
FORMATIONS

On the basis of foraminifera. ostracod and
mollusca evidences. the Quilon Formation is
assigned an Earlv to !v!iddle Miocene age (Jacob &

Sastry, 1952; Dey, 1962). The Warkalli Formation
overlying rhe Quilon Formarion is considered to be
Late tvliocene to Pliocene in age (Poulose &
Narayanaswami, 1968).

Ramanujam (1982) opll1ed that a srriking
similarity exists berween the assemblages of both
the formations. He concluded (on the basis of
surface and subsurface palyno-assemblages) that rhe
entire Tertiary sequence of Kerala Basin constitutes a
single time transgressive group being Early to

Middle tv!iocene in age
Raha, Rajendran and Kar (1987) on subsurface

palynological data from Ambalapuzha, Alleppev
Districr, Kerala, suggested Eocene ro Early Miocene
age to the sediments. Palynofossil taxa Proxapertites,
Polyeo/piles. Meliapol/is, Verrlltrieo/poriles,
Proteacidites and Striaco/porites with some palm
pollen are suggestive of Eocene age. Oligocene age
has been inferred by the presence of
Crassoretilriletes, Trisyncolpiles and Hombacaeidites
The occurrence of /Haluacearlll1lpollis,
Hihisceaepollenites and QlIiloJ1lpollenites suggests
Early ivliocene age.

Recent palynological study of Arthungal bore
hole, Alleppey District, Kerala by one of us (Rao,
1989 in this volume) also provides cogent evidence
that the palynoflora of Warkalli and Quilon
formario}1s may vary from Eocene ro Early Miocene
in age. The Anhungal bore-hole palynofloral
succession has been divided into three disrinct
cenozones, viz., /vlaluacearumpollis hakonyensis
Cenozone (Early Miocene), Crassoretitriletes
uanraadshooueni Cenozone (01 igocene) and

P:lly!lOlaXa

L),j!,udill IIlspuriIes

JlllrabaclI!isporis

Cleicbeniidiles

!:'.'illluspura
f'o/.'eolrilele;;
Cillgilialispuriles
Cihul iioiles

Lael'igatuspuriles

Spinailtaperillriles

Clal'ainaperlll riles

Crolullisiliciles

.IIUlluporopullelliles

Spillamullopuriles

CrululluidaepollellileS

FUI'eul ricolpiles

CrolUlricolpiles

fYllllclalriculpiles

Hac IIhrel 'il ricolpiles

C!m'asJ'lIcolpiles

.\/eyeripollis

Custai/pullen iles

Ta!isiipiles

FOt'eUslephal/ocotporiles

Padappakkarapullis

Pul)'hrel'icolporiles

Triuriles

Casllarinidiles

Fcbilriporiles

Tel rap ullis

JnaperllirUlelradiles
Haloragacidiles

Table 1

Quilon
fOI"

mario!l

+

\X'3rkalli Commo!l

For· oenera
"marion between

two

for
Illations
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Text-figure 2- Dislribution of different plant groups in Quilon
and Warkalli formations

The distribution of differenr planr groups in Quilon
and Warkalli formations alongwith the common
elemenrs between the twO is given in Te},1:-figure :2

l. Ecological analysis of the Tertiary palynofossils
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Lacri m apollis
,l/)'uaceidiles
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Dt/JorileS
Relilriporiles
r/orscbllelzia

,ll)lricaceuipolle/i iles

Trilal ijJuriles

Calyoph)'//idiles

PO(l'jJurilla

Ranlllicil/acidiles
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/nlralripuropo//eniles

Siiblriporupo/!is
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Farsolisidiles

fJenjJoropollen i les
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Dalldoliaspora

Selliasporiles
Cica Iricosispon)es
ScC/ntigranulites
\'errllcosispuriles
Fureospuriles

Crassorel il ri/eles

Pleridacidiles
,1lOlio!iles

Chei/alllboids}Jora

PO/)'jJodiisporiles

Schizaeoisporiles
kelljJi/onapiles

fJa/maepolielliles

AreCijJiles

\'ernnuoJ/oculpiles
Neocollperipollis

Pa/midiles

Proxaperliles

Clai'apa/maediles

Spinizo/ioco/piles

Parai'lInjJollis

U/iacidiles

LOr/gaperliles

Quilonipolleniles

Dico/popollis

Relilrico/piles

ReiibreviIrieo/piles

Loranlhipiles

Marginipo/lis

Relislephanoco/pileS

Cle/i%pbonidi les
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from the Kerala Basin identifies upland, lowland,
fresh water, sandy beach and mangrove elements
occurring as constituents of tropical rain forests
of semi-evergreen type. The terrestrial elements
of upland relief flora and lowland vegetation
tend to merge with the fresh water constituents
and dominate the total assemblage. Luxuriant
gro'V.'th of palms seems to have been supported
by the sandy beaches_ lVlangrove vegetation
thriving on the tidal mud flats and dinocysts in
the estuaries have also been richly contributing
to the past vegetation.

2. The bore-holes penetrating through the Tertiary
sediments of Kerala Basin have yielded
palynological evidences which assign Eocene to

Early Miocene age to the successions studied. In
view of this newly emerged palynological
information, concerted efforts are required to

systematically restudy the entire sequence from
the stratigraphically located samples. Therefore
the contention of Ramanujam (1982) that the
entire Tertiary sequence of Kerala Basin is a
single time transgressive unit, being Early to

Middle Miocene in age, needs to be confirmed
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