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The palynoflora recovered from the Tertiary lignite and associated sediments exposed along Cannanore and adjoining area
of Kerala Basin consists of 50 genera and 73 species. Of these, 13 genera and 20 species are represented by pteridophytic spores
and 36 genera and 52 species to angiospermous pollen. Ten species have been proposed as new. Some significant constituents
of the assemblage are -Lygodiumspori/es, Dic/yophyllidiles, Crassoreli/nle/es, In/rapunCiisporis, Chei/em/hoimpora, Polypo
diispori/es, Re/imonosulciles, Qui/onipolleni/es, Lakiapollis, Tricolpites, Gemma/ricolpiles, Tricolporopollis, Derma/obreuicol
porites, Marp,ocolporl/es, Re/i/rescolpiles, Me/iapollts, Clenolophonidi/es, MyriClpiles, Tnporopolleniles, Clauapenpontes and
Malvacearumpollis. Quantitative dominance of angiospermous pollen is a conspicuous feature of the assemblage. Ecological
analysis of the assemblage identifies several palaeoassociations of low-land, fresh water swamp and water edge, sandy beach,
montane and back - mangrove vegetation. The recoered palynological assemblages indicate the prevalence ofwet semi-evergreen
type of vegetation with warm and humid tropical climate and plenty of rainfall during sedimentation. The brackish-water
environment ofdepOSition is indicated by back-mangrove elements (Palaeosamalaceaepites, Maluacea rumpolh,) and dinoflagel
late cysts. On the basis of comparison of the present assemblage with the known Indian Tertiary palyno<lssemblages, Miocene
age has been assigned.
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PALYNOLOGICAL studies on theQuilon and Warkal
Ii formations CKerala Basin) have been carried out for

systematic palynology, palaeoecological interpreta
tions and dating of sediments. The studies are based
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on the grab samples and not stratigraphically
measured sections. The sediments have been as
signed Early to Middle Miocene age. However, the
recent palynological studies reveal the existence of
subsurface Palaeogene sediments in the area (Raha
et al., 1987; Rao, 1990, 1995). In view of this newly
emerged palynological information, it is envisaged to
restudy and analyse the entire palynological data in
a comprehensive manner in order to fill the gap on
the existing divergent views. With the above objec
tives, a project has been taken up to study the entire
extent of Tertiary Kerala Basin with the collaboration
of Center for Earth Science Studies and Central
Ground Water Board, Trivandrum. The authors made
a detailed collection of clay and lignite samples from
the ares of Meenkunnu, Payangadi, Nileswar,
Karyankod, Pilicode and Azhikhode. Meenkunnu
and Karyankod are outcrops; Payangadi and Niles
war are mine sections and Pilicode and Azhikhode
are well sections. The samples collected from Niles
war, Karyankod and Pilicode were found to be barren
and the palynostratigraphic study of Payangadi sec
tion will be taken up later. The present paper ex
clusively deals with the Cannanore lignite and
associated sediments exposed along Meenkunnu and
adjoining areas and Azhikhode well, Cannanore Dis
trict, Kerala (Map 1).

The cliff section at Cannanore is sampled at
Meenkunnu, 6 km north of the Cannanore guest
house on the Cannanore-Azhikhode road. The lithol
ogy consists of mainly thick band of sandstone inter
calated with clay underlain by carbonaceous clay.
The base is not seen. The top of the section is covered
by laterite. In some part of the section a sequence of
ball clay with carbonaceous clay is developed in
between sandstone and lignite. The Iithological
details of the different sections have been given in
Text-figure 1.

The Tertiary sediments of Kerala are well known
as Warkalli and Quilon formations from type
localities (King, 1882; Foote, 1883). The Quilon For
mation consistsof limestones with intercalations of
calcareous clays, carbonaceous clays and sand
whereas the Warkalli ormation comprises variegate
sandstones interbedded with white plastic and
variegated clays, carbonaceous clays and seams of
lignite or eaty lignite. The Tertiary sequence rests
unconformably over the Archaean crystalline com
plex and is succeeded byrecent to subrecent marine
andestuarine sediments (Poulose & Narayana-swami
1968). A recent study of the lithology based on soe
bore-hole inormation resulted in the institution of a
third formation, viz., Vaikom Formation, underlying
the Quilon formation (Rao, 1975; Rao et al., 1975).
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Text-figure I-Lithological details of Cannanore lignite and associated sediments of Kerala Basin
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Map 1-Geological map of Kerala showing area of investigation.

These beds are similar to Warkalli Formaion but are
more arenaceous and coarse grained. The recent
lithtratigraphic classification based on overall
analysis of surface and subsurface samples and their
relationships, the entire Cenozoic sequence of Kerala
has been designated as the Malabar Supergrou, en
compassing the Quaternary and Tertiary groups. A
laterite horizon marks a distinct unconformity be
tween Vembanad Formation and Warkalli Group.
The Warkalli Group consists of Ambalapuzha,
Quilon and Mayyanad formations. The Ambalapuzha
and Mayyanad formations are terrigenous whereas
Quilon Formation is marine (Raha et al., 1983).

Extensive palynological studies were made by
different palynologists to establish time-stratigra phic
relation between the marine Quilon Formation and
the continental Warkalli Formation. Rao and Vimal
(953) have recorded pteridophytic spores from the
lignite ofWarkalli beds. Potonie and Sah (960) have
reported a good number of angiospermous pollen

MATERIAL AND METHOD

UST OF PALYNOTAXA

fom Cannanore. Detailed palynological studies on
the out crops of Tertiary sediments of K~rala have
been done by Ramanujam 0977,1987), Ramanujam
and Rao (973), Ramanujam et al. 0990, Rao and
Ramanujam 0978,1982), Kar andJain 0980, Varma
and Patil (985), Varma et al. (986) and Varma
(987). They have recorded variety of fungal ele
ments, pteridophytic spores and angiospermous pol
len and assigned an Early Miocene to Middle Miocene
age to the Quilon and Warkalli formations. In the
recent past, Raha, Rjendran and Kar (987) and Rao
0990, 1995) have systematically studied palynology
from the bore-holes of Ambalapuzha, Althungal,
Kalarkod and Nirkunnam respectively, Alleppey Dis
trict, Kerala and recorded a full succession of Early
Eocene through Oligocene to Miocene.

A total number of 58 samples of carbonaceous
clay, sady clay and lignite were collected from
Meenkunnu and adjoining areas and Azhikhode well.
In order to get a rich and complete assemblage,
samples were collected laterally and also all precau
tions have been taken to avoid contamnation.

Samples were treated with HCL, HF and HN03
followed by 5 per cent solution of KOH . The slides
were prepared in polyvenyl alcohol an mounted in
Canada Balsam. Olypus microscope BH2 has been
used for the study and photomicrography. The
material, slides and negatives of figured specimens
ave been deposited in the Museum of Birbal Sahni
Institute of Palaeobotany, Lucknow.

Pteridophytic spores

Cyathidites australis Couper 1953 (PI. 1, fig. 4).
Todisporites major Cou per 1958
Lygodiumsporites lakiensis Sah & Kar 1969
L. eocenicus Dutra & Sah 1970 (PI. 1, fig. 6).
L. padappakkarensis Rao & Ramanujam 1978 (PI.

1, fig. 7)
Intrapunc tisporis intrapunctis Kru tzsch 1959

Taxa with asterisk(*) mark have been either
described or commented in the text.
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I. harudiensis Kar 1978 (PI. 1, fig. 5)
•Dictyophyllidites cannanorensis sp. nov. (PI. 1,

figs 1- 2)
•Surmaspora karii sp. nov. (PI. 1, figs 24-26)
Crassoretitriletes vanraadshooveni Germeraad et

at. 1968
Cheilanthoidspora monoleta Sa h & Ka r 1974
C. mioceneca Kar & Jain 1981
Neyvelisporites bolkhovitinae (Ramanujam)

Ramanujam 1972 (PI. 1, fig. 8)
•Neyvelisporites sp. (P. 1, fig. 9)
Polypodiaceaesporites chatterjii Kar 1979
Laevigatosporites ovatus Wilson & Webster 1946

(PI. 1, fig. 13)
Polypodiispon'tes favus Poton ie 1934
p. ornatus Sah 1967 (PI. 1, fig. 12)
P. tuberculensis Rao & Singh 1987 (PI 1, fig. II)
Pteridophytic spore - 1 (PI. 1, fig. 3)

Angiospennolls pollen grains

Verrualetes assamicus Singh & Saxena 1984 (PI. 3,
fig. 12)

• Verrualetes cannanorensis sp. nov. (PI. 3, fig. 7)
·Assamiapollenitessp. (PI. 1, figs 16-17)
•Grimsdalea sp. (PI. 3, fig. 8)
Crotonoidaepollenites euphorbiodes Rao &

Ramanujam 1982 (PU, fig. 10)
Retipilonapites delicatissimus Ramanujam 1966
Palmaepollenites kutchensis Venkatachala & Kar

1969
Neocouperipollis kutchensis Kar & Kumar 1987
Quilonipollenites sahnii Rao & Ramanujam 1978

(PI. 1, fig. 15)
·Crotomonosulcitessp. (PI. 1, fig. 14)
Retimonosulcites ovatus (Sah & Kar) Kar 1985
•Retimonosulcites ramanujamiisp. nov. (PI. 3, figs

18-19)
Proxapertites emendatus (Sah & Dutta) Kar &

Kumar 1986
Tricolpites reticulatus Cookson ex Cou per 1953
T. crassireticulatus Dutta & Sah 1970
T. matanomadhensis Saxena 1979
Dipterocarpuspollenites retipilatus Kar 1985 (pI. 1,

fig,20)
Plumbaginacipites neyvelii Navale & Misra 1979
#Gemmatricolpites saxenii sp. nov. (PI. 2, figs

10-12)
'Gemmastephanocolpites sp. (PI. 3, fig. 6)

•Tribrevicolporites duttae sp. nov. (PI. 1, figs 21-22)
•Tribrevicolpon'tes sarkarii sp. nov. (PI. 3, figs 3-4)
• Tribrevicolporites sp. (PI. 1, fig. 23)
Paleosantalaceaepites minutus Sah & Kar 1970
Lakiapollis ovatus Venkatachala & Kar 1969 (PI. I,

fig. 19; PI. 3, fig. 10)
Tricolporopollis decoris Dutta & Sah 1970
T. matanamadhensis (Venkatachala & Kar)

Tripathi & Singh 1985
•Tricolporopollis cannanorensis sp. nov. (PI. 2,

figs 6-8)
•Tricolporopollis alleppeyensis sp. nov. (PI. 3, figs

1- 2, 17)
Pellicieroipollis langenheimii Sah & Kar 1970
Retitrescolpites indicus Rao & Ramanujam 1982

(PI. 2, fig. 19)
Dermatobrevicolporites dermatus (Sah & Kar)

Kar 1985
Favitricolporites magnus Sah 1967
Margocolporites tsukadae Ramanujam 1966 (PI.

2, fig. 5)
Meliapollis quadrangularis (Ramanujam) Sah &

Kar 1970
M. ramanujamii Sah & Kar 1970
Striacolporites stn'atus Sah & Kar 1970
S. cephalus Sah & Kar 1970
Ctenolophonidites costatus (van Hoeken

Klinkenberg) van Hoeken-Klinkenberg 1966 (PI.

2, figs 17-18)
•Psilodiporites sp. (PI. 2, fig. 9)
Subtriporopollis rotundis Sah 1967
•Subtriporopollis sp. (PI. 3, fig. 5)
Triporopollenites robustus Kar & Jain 1981
•Triporopollenites meenkunnuensis sp. nov. (PI.

2, figs 1-3)
Proteacidites truncatus Cookson 1950 (PI. 2, fig.

16)
Proteacidites triangulus Kar & Jain 1981 (PI. 2,

fig. 15)
Myricipites singhii Rao 1995 (PI. 3, fig. 11)
•Malvacipollis sp. (PI. 3, fig. 16)
•Polybrevicolporites sp. (PI. 3, fig. 9)
Clavaperiporites jacobii Ramanujam 1966 (PI. 2,

figs 13-14)
Malvacearumpollis bakonyensis Nagy 1962 (PI.

3, figs 13-15)
M. grandis Sah 1967
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Incertae-sedis

•Archela sp. (PI. 1, fig. 8)

SYSTEMATIC DESCRIPTION

Genus---DtctyopbyUtdites Couper 1958

Type species-Dictyophyllidites harrisii Couper 1958

Dictyophyllidites cannanorensis sp. nov.

PI. 1, figs 1-2

Holotype-A.. 1, fig. 1, size 46x42 /lm, slide no.
BSIP 11124.

Type locality-Meenkunnu phase-I, Cannanore
District, Kerala.

Diagnosis-Miospores sub-triangular, apices
broadly rounded, interapical margins straight to con
vex. Size range 40-46 x 38-42 /lm. Trilete mark dis
tinct, laesurae straight, accompanied by a thickened,
raised kyrtome. Exine up to 3 /lm thick associated
with folds. Distal surface showing foveolate or
namentation.

Comparison-Dictyophyllidites harrisii Couper
1958 is distinguished from the present species by its
bigger size (up to 56 /lm) and longer Y- rays, extend
ing up to equator. D. pectinataejormis
(Bolkhovitinae) Dettmann 1963 is different by its
granulose exine. D. cymbatus Venkatachala & Goc
zan 1964 possessing kyrtomic folds, is not com
parable. D. granulatus Saxena 1978 is different by
having thicker exine (5 /lm) and granulose ornamen
tation. D. indicus Rao & Singh 1987 is different by its
larger size (up to 85 /lm) and laevigate exine.

Occurrence- Meenkunnu phase-I, Cannanore
District, Kerala (Quiloil Formation, Miocene).

Affinity-Unknown.

Genus---Surmaspora Singh & Rao 1984

Type species- Surmaspora sinuosa Singh & Rao
1984

Surmaspora karii sp. nov.

PI. 1, figs 24-26

Holotype-PI. 1, figs 24-25, size 53x52 /lm, slide
no. BSIP 11429.

Type locality-Meenkunnu phase-II, Cannanore
District, Kerala.

Diagnosis-Miospores triangular to sub-trian
gular with broadly rounded apices. Trilete, trilete
mark extends up to 3/4 radius, surrounded by thick
labra having globular thickenings at the ray ends.
Exine 5 /lm thick, verrucate. verrucae thick laterally
fused with pseudoreticulate ornamentation on the
distal side. In between verrucae, finely punctate or
namentation present.

Comparison-Surmaspora sinuosa Singh & Rao
1984 is distinct from the present species by the
presence of ribbon-like labra and sparsely placed
verrucae.

Occurrence-Meenkunnu phase - II, Cannanore
District, Kerala (Quilon Formation, Miocene)

AjJi'ni~v--Unknown.

Genus-- Neyveltsporiles (Ramanujam) Ramanujam 1972

Type species- Neyvelisporites bolkbovitinae
Ramanujam 1972

Neyveli:,poriles sp.

PI. 1. fig. 9

Description-Miospore oval in shape. Size 62 x
50 /lm. Monolete, distinct. Exine 2.5 /lm thick. Distal
surface showing foveo-reticulate ornamentation.

Occurrence-Meenkunnu phase - I, Cannanore
District, Kerala (Quilon Formation, Miocene)

Affinity- Unknown

Pteridophytic spore- I

PI. 1, fig. 3

Descriptior~Miospore subtriangular, apices
broadly rounded, interapical sides convex. Size
50x48 m. Trilete, open, reaching to the apices. Exine
2 /lm thick. Distal surface showing scrobiculate or
namentation.

Occurrence-Meenkunnu phase - I, Cannanore
District, Kerala (Quilon Formation, Miocene)

Affinity- Unknown.

Genus-- Grimsdalea Germeraad, Hopping & Mulier 1968

Type species-Crimsdalea magnaclavata
Germeraad, Hopping & Muller 1968

Crimsdalea sp.

PI. 3, fig. 8
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Description-Pollen grain spherical in polar
view. Size 54 x 53 ~m. Inaperturate. Exine 4 ~m thick,
intectate, baculate, bacula parsely placed, 5 ~m long,
4 ~m wide, blunt tips. Surface showing scabrate or
namentation.

Comparisor~-Crimsdaleasp. is closely com
parable with the type species C. magnaclavata
Germeraad et at. 1968 by its general characters but
the latter can be distinguished by its scatterly placed
clava and thinner exine.

Occurrence-Meenkunnu phase- II, Cannanore
District, Kerala (Quilon Formation, Miocene).

Affinity-Unkndwn.

Genus -- Verrualetes Singh & Saxena 1984

Type species - Verrualetes assamicus Singh &
Saxena 1984

Verrualetes cannanorensis sp. nov.

PI. 3, fig. 7

Holotype-PI. 3, fig. 7, size 58 x 46 ~m, slide no.
BSIP 11448

Type locali~y-Meenkunnu phase- II, Cannanore
District, Kerala.

Diagnosis-Pollen grains sub-circular in polar
view. Size range 53-58 x 40-46 ~m. Inaperturatc,

central depression present. Exine 3.5 ~m thick, ver
rucate, verrucae 6-8 ~m long, 4-7 ~m in diameter,
variable sizes, sparsely placed. Ornamentation in be
tween verrucae laevigate.

Comparison- Verrualetes assamicus Singh &
Saxena 1984 comparable by its inaperturate and ver
rucate ornamentation but can be distinguished from
the present species by having robustly built and den
sely placed verrucae giving pseudoreticulate or
namentation on surface view.

Occurrence-Meenkunnu phase- II, Cannanore
District, Kerala (Quilon Formation, Miocene).

Affinity-Unknown.

Genus---AssamtapoUenttes (Singh) Singh & Saxena 1984

Type species- Assamiapollenites browni (Biswas)
Singh 1975

Assamiapollenitessp.

PI. 1, figs 16-17

Description-Pollen grain oval in shape. Size 41
x 38 ~m. Inaperturate, central depression present.
Exine 3 ~m thick, perforated,ornamented with
gemma, spines alternate with bacula. Surface show
ing finely fitted ornamentation,

PLATE 1

(All photomicrographs are enlarged ca. x 500, unless orherwise mentioned, Coordinates of the specimens refer to the stage of
IIH2 Olympus microscope no 2172(,7),

1 2.
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7.

H.

9
10

II

12.

Dietyophyllidi/es cannanorensis sp. nov .. slide nos, IISIP 11124,
coordinates 3,OxI325: 11415, coordinate,s lH,OxI35S
Pteridoph)'lic spore I. slide no. USII' 1141n, coordinates
11Hx1310
Cyalhidi/es aus/ralis Couper, slide no, IISIP 11411', coordinates
J40x In2,0
/l1Irapunclisporis hamdiensis Kar, slide no,IISfP 11419, coor

dmales 114xl210
Ly~odiU1,",pori/eseocenicus f)utla & Sah, slide no, IISI P 11411'.

coordinates 140x10 IS.
L. padappakkaren.'is I{ao & Ramanujam, slide no. IISIP 11420.
coordinates 100xln10.
Ne)'lJelispon'/es holkhol'i/il1ae Ramanujam, slide no. IISII' 11427,
coordinates 100x 145,2,
NeYI.'e'li,pfl/1'lessp., slide no. IISIP 11431', coordinates 150xl(,30.
Cr%noidaepullenileseuphurhiuidesRao & Ramanujam, slide no,
IISI!' 11443, coordinates S.OxI32S.
Polypudiispori/es/u/)erculensisl{ao & Singh, slide no. IISI!' 11423.
l'()ordinates lH.Ox 161,2,
P,,/ypodi~(poriles oma/us Sah. slide no. IISIP 11426, coordinates

H,2xI32.4,
13. LaeIJi~a/ospf!li/esfJlia/usWilson & Webster, slide no,IISIP 11424,

coordinate,s 15,5xI32.4
14. Cm/onumosulci/es sp .. slide no. IISIP 11435, coordinates

14.4xI410,
IS QUI!unipo/lel1i/essah11li )(ao & Ramanujam, slide no, IISI!' 11422.

coordinates 13Hx IS20.
10-17. Assamiapolleni/es sp, slide no. IIS)P 11435, coordinates

192xlo1.2,
II' Archella sp" slide no, IISfP 11431', coordinales 90x 172.("
19. Lakiapollis f)/!a/us Venkatachala & Kar, slide no. nSf!' 11453,

coordinates 12.5x 132.0
20. Diplemcurpu~polien/lesrelipiia/us(Kar&Jain) Kar, slide no, !lSI!'

11422, coordinate" 137x12S,0.
21-22. TrihreIJic{)lpori/es dullae sp. nov., slide nos. !lSIP 11454, coor

dinates 13,oxI39,1 (HoIo{ype); 11420, coordinates 12,3xI24.0.
23. Tribrellicolpori/es sp.. slide no. USIP 11437, coordinates

16,()xI4HO.
24-26 Surmaspora kwii 'po nov., slide nos. IISIP 11'129, coordinales

ROxI4S,) (Hololype): 11430, coordinates(i,SxI50,7(x 7S0)
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Comparison-Assamiapollenites browni (Bis
was) Singh 1975 is distinct by the presence of bacula
on the exine. A. chand!eri distinguished in having a
circular opercular attachment near the equator. A.
potamogetonaceaeformis (Biswas) Singh & Saxena
1984 is distinct by having densely pilate exine. A.
ghoshii Singh & Saxena 1984 is distinct by its bigger
size and robustly built bacula.

Occurrence--Meenkunnu phase- II, Cannanore
District, Kerala (Quilon Formation, Miocene).

AJfinit~Unknown.

Genus--Rettmonosukites Kar 1985

Type species-- Retimonosu!cites (Liliacidites) e!llp
ticus (Venkatachala & Kar) Kar 1985

Retimonosu!cites ramanujamii sp. nov.

PI. 3, figs 18 - 19

Ho!otype--PI. 3, fig. 19, size 155 x 110 11m, slide
no. BSIP 11423.

Type !oca!it~Meenkunnu phase- I, Cannanore
District, Kerala.

Diagnosis-Pollen grains oval-elliptical in shape
with broad ends, sometimes ends unequally broad.
Size range 100-160 x 75-110 11m. Monosulcate, sulcus
mostly tappering at the ends and broadest in middle
region. Exine up to 3 11m thick, smooth. Surface
showing distinct inframicroreticulate ornamentation.

Comparison-Retimonosu!cites ellipticus
(Venkatachala & Kar) Kar 1985 is closely comparable
with the present species by its monosulcate nature
and inframicroreticulate condition but the latter can
be differentiated by its smaller size 00-42 x 25-28 11m)
and thinner exine. Retimonosu!cites ovatus Kar 1985
is different by its funnel-shaped sulcus, smaller size
range and weakly microreticulate ornamentation.

Occurrence-- Meenkunnu phase- I, Cannanore
District, Kerala (Quilon Formation, Miocene).

AJfinit~Unknown.

.
Genus--Crotontsukites Rao & Ram.anuJam 1978

Type species--Crotonisu!cites grandis Rao &
Ramanujam 1978

Crotonisu!cites sp.

PI. 1, fig. 4

Description-Pollen grain oval-elongate, ends
rounded, constricted in the center. Size 69 x 39 11m
Monosulcate, sulcus reaching poles, 50 11m long,
wide at the centre and narrow at the ends. Exine 65
11m thick, nexine thicker than sexine, sexine 3 11m
thick, intectate, baculate, nexine 4 11m thick, finely
fitted. Surface showing crotonoid type of reticulation.

Comparison-Crotonisulcites sp. is closely com
parable with Crotonisu!citesgrandis in all characters
but the latter can be distinguished by its smaller size
and pila-c1avate exine.

Occurrence--Meenkunnu phase- I, Cannanore
District, Kerala (Quilon Formation, Miocene).

AJfinit~Liliaceae.

Genus-- Gemmatrkolpttes Pierce 1961

Type species--Gemmatricolpites gemmatus Pierce
1961

Gemmatricolpites saxenii sp. nov.

PI. 2, figs 10 - 12

Ho!otype--PI. 2, fig. 10, size. 39 x 33 11m , slide no.
BSIP 11424.

Type !ocalit~Meenkunnu phase- I, Cannanore
District, Kerala.

Diagnosis-Pollen grains sub-circular in polar
view. Size range 40-46 x 32-44 11m. Tricolpate, colpae
9 11m wide. Exine up to 4 11m thick, perforated, sexine
thicker than nexine, sexine 3 11m thick, baculate,
gemma, spinules scatterly present in between, nexine
1 11m thick, smooth. Finely fitted reticulate ornamen
tation on distal side.

Comparison-Gemmatricolpites saxenii closely
resembles the type species G. gemmatus Pierce 1961
by its gemmate character and tricolpate condition but
the latter can be differentiated by its smaller size OS
x 18.5 11m) and sparcely placed gemma.

Occurrence--Meenkunnu phase-I, Cannanore
District, Kerala (Quilon Formation, Miocene).

AJfinit~Unknown.
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(All photomicrographs are enlarged w. x 500, unless otherwise mentioned. Coordinates of the specimens refer (0 the stage of
lIH2 Olympus microscope no. 2172(7).

1-3

4.

5

6-8.

9
10-12

Trlporopolleniles cannanorensis sp. nov., slide nos. 13SIP 11431,
coordinates In.Ox 1593 (Holotype); 11432, coordinates 2.2x ISO. 5.
Dermatobreulco{porlleS derma Ius Kar, slide no. IlSIP 11433, coor
dinales 8.5x 152.3.
Margoco{porltestsukadaeRamanujam, slide no. BSIP 11424, coor
dinates 4.0x143.2.
Trlw{poroP(){{L, cannanorensls sp. nov, slide nos. 11432, coor
dinates 20.5xI28.0.; 11435, coordinates 8.0xI43.0 (Holotype);
11452, coordinates 11.2x139.2.
Psilodlporllessp., slide no 13SIP 11455, coordinates 18.5xI44.5.
Cemmall1co{piles saxenii sp. nov., slide nos. IlSIP 11124, coor
dinates 20,Rx131.0 (Hololype); 11419. coordinates 1O.OxI5n.0;
11124,coordinates 1O.5x141.2.

13-14.

IS

In.

17-18.

19

C!auaperlporllesjawbiiRamanujam, slide nos. BSIP 11442, coor
dinates 14.0xI42.0; 11419, coordinates 12.0x 129.1.
Proteacidiles trlangu{us Kar & Jain, slide no. BSIP 11415, coor
dinates 8.0x143.0.1H-19.
P. lruncatus Cookson, slide no. BSIP 11439, coordinates
12.0xI28.0.
Cteno{ophonidltes wslalUS (van Hoecken-Klinkenberg) van
Hoecken klinkenberg, slide nos. BSIP 11440, coordinates
12.0x157.0; 11423, coordinates 164x144.5.
Retilrescolpiles indicus Rao & Ramanujam, slide no BSIP 11457,
coordinates In.Ox156.0.
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Genus-- Gemmastepbanocolpites van der

Hammen & de Mutls 1965

Type species- Gemmastephanocolpites gemmatus
van der Hammen & de Mutis 1965

Gemmastephanocolpites sp.

PI. 3, fig. 6

Description-Pollen grain subcircular in polar
view. Size 65 x 58 11m. Tetracolpate, colpi 8-10 11m
diameter. Exine 3.5 11m thick, sexine thicker than
nexine, 311m thick, intectate, baculate, gemma spar
sely placed in between, nexine 0.5 11m thick, smooth,
surface showing pitted reticulate ornamentation.

Comparison-Gemmastephanocolpites gem-
matusvan der Hammen & de Mutis (1965) is different
by its smaller size 03.5 11m) and closely placed
gemma.

Occurrence--Meenkunnu phase- II, Cannanore
District, Kerala CQuilon Formation, Miocene).

Affinity-Unknown.

Genus-- Trlbrevtcolporltes Kar 1985

Type species- Tribrevicolporites eocenicus Kar
1985

Tribrevicolporites duttae sp. nov.

PI. 1, figs 21-22

Holotype--PI. 1, fig. 22, size 64 x 58 11m, slide no.
BSIP 11454.

Type locality-Meenkunnu phase- I, Cannanore
District, Kerala.

Diagnosis-Pollen grains sub-triangular in polar
view associated with folds. Size range 55-75 x 50-65
11m; tribrevicolporate. Colpi, 5-7 11m wide, pores dis
tinct, slightly thickened, 3-5 11m in diameter. Exine
2-3.5 11m thick, sexine as thick as nexine, finely reticu
late, meshes appearing as pits in surface view.

Comparison- Tribrevicolporites duttae sp. nov.
closely comparable with T. eocenicus Kar 1985 by its
shape and tribrevicolporate condition but is distin
guished from the latter in its smaller size C46 x 441..1.m)
and distinct reticulate ornamentation.

Occurrence-- Meenkunnu phase-I, Cannanore
District, Kerala CQuilon Formation, Miocene).

Affinity-Unk nown.

Tribrevicolporites sarkarii sp. nov.

PI. 3, figs 3-4

Holotype--PI. 3, fig. 3, size 63 x 58 11m, slide no.
BSIP 11446.

Type locality-Meenkunnu phase- II, Cannanore
District, Kerala.

Diagnosis-Pollen grains subtriangular to subcir
cular associated with folds. Size range 60-54 x 53-58
11m. Tricolporate to tetracolporate, mostly subtrian
gular grains. Colpi 6-8 11m in diameter. Pore 6 11m
wide, pore surrounded by thick annulus. Exine 4.5
11m thick, nexine thicker than sexine, sexine 2 11m
thick, finely punctate, nexine 2.5 11m thick, scabrate.
Surface showing finely scabrate ornamentation.

Comparison- Tribrevicolporites eocenicus Kar
1985 is closely comparable by its tribrevico]porate
condition but is distinguished from the present
species by having distinct reticulate ornamentation
Tribrevicolporites duttae sp. nov. is distinct by its
finely reticulate ornamentation.

Occurrence--Meenkunnu phase- II, Cannanore
District, Kerala CQuilon Formation, Miocene).

Affinity-Unknown.

Tribrevicolporites sp.

PI. 2, fig. 23

Description-Pollen grain sub-circular in polar
view. Size 65 11m. Tribrevicolporate. Colpi 11 11m
wide, pore 9 11m in diameter. Exine 3 11m thick,
sexine thickerthan nexine, sexine 211m thick, nexine
1 11m thick. Surface showing distinct reticulum.

Comparison- Tribrevicolporites sp. is closely
comparable with the type species by its tribrevicol
porate nature but can be distinguished by its bigger
size and fine reticulate ornamentation on the distal
side.

Occurrence-- Meenkunnu phase- I, Cannanore
District, Kerala CQuilon Formation, Miocene).

Affinity-Unknown.

Genus-- Tricolporopollis Dutta & Sail 1970

Type species- Tricolporopollis decoris Dutta & Sah
1970

Tricolporopollis cannanorensis sp. nov.

PI. 1, figs 6 - 8
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Holotyp&- PI. 1, fig. 7, size. 55 x 56 11m, slide no.
BSIP 11435.

Type locality-Meenkunnu phase- I, Cannanore
District, Kerala.

Diagnosis-Pollen grains oval-subcircular, as
sociated with folds. Size range 45-65 x 40-60 11m.
Tribrevicolporate, brevicolpate, colpi 3-4.5 11m wide,
apertural end thickened. Exine 2-3.5)lm thick, sexine
and nexine not differentiated. Su rface showing pitted
reticulate ornamentation.

Comparison- Tricolporopollis cannanorensis
sp. nov. closely compares with the T decon's Dutta &
Sah 1970 by its shape and tricolporate condition but
the latter can be distinguished by its smaller size,
thinner exine and fine reticulate ornamentation. T
rubra is distinct by the presence of distinct foveolate
ornamentation. T globosa is differentiated by its
smaller size (up to 38 11m) and coarsely reticulate
sculpture. T matanamadhensis (Venkatachala &
Kar) Tripathi & Singh 1985 is distinct by its thicker
exine (4 11m) and reticulate ornamentation formed by
pila and bacula.

Occurrenc&-Meenkunnu Phase- I, Cannanore
District, Kerala (Quilon Formation, Miocene).

Affinity- Euphorbiaceae

Tricolporopollis alleppeyensis sp. nov.

PI. 3, figs 1-2, 17

Holo~yp&-PI. 3, fig. 1, size 61x60 11m, slide no.
BSIP 11444.

Type locali~y-Meenkunnu phase- II, Cannanore
District, Kerala.

Diagnosis-Pollen grains rounded triangular as
sociated with folds, some specimens showing
triradiate scar. Size range 57-65 x 54-60 11m. Tricol
porate, brevicolpate, pore 8-10 11m in diameter, aper
tural end thickened. Exine up to 3511m thick, sexine
and nexine sometimes not differentiated, sexine up
to 3.5 11m thick, perforated, nexine 1 11m thick. Sur
face showing finely pitted reticulation.

Comparison- Tricolporopollis alleppeyensis sp.
nov. is closely comparable with the type species by
its brevicolporate condition but the latter can be
distinguished by having thinner exine and fine reticu
late ornamentation. T cannanorensis sp. nov. is dif
ferent by its smaller size and distinct fine reticulate
ornamentation.

Occurrence--Meenkunnu phase- II, Cannanore
District, Kerala (Quilon Formation, Miocene).

Affinity- Unknown.

Genus--Psilodiporites Varma & Rawat emend. venkatachala &

Rawat 1972

Type species-Psilodlporites hammenii Varma &
Rawat 1963

Psilodiporites sp.

PI. 2, fig. 9

Description-Pollen grain cylindrical in sha pe.
Size 100 x 60 11m. Diporate, pore elliptical in shape,
distinct. Exine thin, surface finely scabrate.

Occurrenc&- Meenkunnu phase- I, Cannanore
District, Kerala (Quilon Formation, Miocene).

Affinity- Unknown.

Genus-- TriporopoUe7lites Pflug emend. Potonie 1960

Type species- Tnporopollenites colyloides
Thomson & Pflug 1953

Triporopollenites meenkunnuensis sp. nov.

PI. 2, figs 1 - 3

Holotyp&-PI. 2, figs 1-2, size 48 x4511m, slide no.
BSIP 11431.

Type locality-Meenkunnu phase- I, Cannanore
District, Kerala.

Diagnosis-Pollen grains subtriangular in polar
view. Size range 45-52 x 40-45 11m. Triporate, an
guloaperturate, pore up to 811m wide, surrounded by
thick annulus, 5 11m thick. Exine 4 11m thick, sexine
thicker than nexine, sexine 3 11m thick, intectate,
perforated, nexine 111m thick, smooth. Distal surface
showing distinct fine reticulate ornamentation.

Companson-- Triporopollenites coryloides
Thomson & Pflug 1953 is comparable with the
present species by its general shape and triporate
nature but the former can be distinguished by its
thinner exine and is not distinctly stratified. Triporo
pollenites parous Sah 1967 is distinct by smaller size
(29 11m) and obscure to faintly granulate ornamenta
tion. T triangularis Sah 1967 possesses distinctly
reticulate exine, hence, not comparable. Triporopol
lenites robustus Kar & Jain 1981 is distinguished by
its laevigate exine. T uerrucatus Kar & Jain 1981 is
distinct by its smaller size range 08-25 11m) and
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verrucose-granulose ornamentation. T. minutus Rao
& Ramanujam 1982 is differentiated by its smaller size
(up to 16.5 ~m) and smooth to finely granular or
namentation.

Occurrence-- Meenkunnu phase- I, Cannanore
District, Kerala (Quilon Formation, Miocene).

AffinitrUnknown.

Genus-SubtrlporopoUis Sah 1967

Type species-Subtriporopollis tenuis Sah 1967

Subtnporopollis sp.

PI. 3, fig. 5

Description-Pollen grain subtriangular in polar
view, apical sides concave. Size 62 x 58 ~m. Triporate,
pore distinct, 8 ~m in diameter. Exine 3 ~m thick,
sexine thicker than nexine, perforated. Surface show
ing distinct foveo-reticulate ornamentation.

Comparison-Subtriporopollis tenuis Sah 1967 is
distinct from the present species in having thinner
and retipilariate exine. S. rotundis Sah 1967 is dif
ferent by the presence of dense pila on the sexine and
surface view showing finely pitted reticulate or
namentation.

Occurrence--Meenkunnu phase- III, Cannanore
District, Kerala (Quilon Formation, Miocene).

A./fint'trRubiaceae.

Genus-Malvacipollts Harris 1965

Type species-Ma/vacipollis diversus Harris 1965

Ma/vacipollis sp.

PI. 3, fig. 16

Description-Pollen grain subcircular in polar
view. Size 42 x 41 ~m. Porate, pores not distinct due
to closely placed coni. Exine 4 ~m thick, con
ate/spinulate, very closely placed.

Comparison-Ma/vacipollis diversus Harris 1965
is distinct by its distinct zoniporate condition and
smaller size range (22-32 ~m)

Occurrence-- Meenkunnu phase- I, Cannanore
District, Kerala (Quilon Formation, Miocene).

A./finitrUnknown.

Genus-Polybrevicolporltes Venkatachala & Kar 1969

Type species- Po/ybrevicolporites cepha/us
Venkatachala & Kar 1969

PolybrevicoJporites sp.

PI. 3, fig. 9

Description-Pollen grain subcircular in polar
view. Size 44 x 40 ~m. Pentacolporate, brevicolpate,
10 ~m long, 6~m in diameter, pores well developed.
Exine 3 ~m thick, perforated. Surface showing pitted
reticulation.

Comparison-Polybrevicolporites sp. is closely
comparable with P. cepha/us Venkatachala & Kar
1969 by its pentacolporate condition but the latter is
distinguished by its intrabaculate exine.

PLATE 3 -

Verma/ell'S assamicus Singh & Saxena, sliue no. 13SIP 11451.
coordinates 14.0xI37.0.

Relinu)//oslI!cilt''' r<lI1I<1/1I1/<llIIii .~r. no" .. slide no.'. B."!P 11423.
,'ooruinates 9.0.' J41.4 (Holol yrel: 114 ~3. coordinate' 1('.OX I(,.1 2

Ma/uaceammpo/h, bakonyensis Nagy, slide nos 13S1P 11443.
coordinates 8.3xI55.0; 11452, coordinates 16.5xI67.0, 11445.
coordinates 10.5xI69.5.

Ma/vacipo/lissp., slide no. BSIP 1144H. coordinates 6.4x14jO16.

12.

3-4

7.

g

s>

(All photomicrographs are enlarged ca. x 500, unless otherwise mentioned. Coordinates of the specimens refer to the stage of
13H2 Olympus microscope no. 2172(7).

1-2,17. Trico/porvpol/is al/eppeyemis sp. nov., slide nos. BSIP 11444, 10. Lakfapol/is uv{.//us Venkatachala & Kar, sliue no. BSIP 11434,
coordinates (Holotype), 19.5x 157.2; 11433, coordinates 12.4x coordinates 81x 139.2.

136/0; 11445, coordinates 10.5x 160.0 (X750). II. Myricfpftes singhii Han, slide no. 13SIP 11434. coordinates IH5x
Tribrevfcolporiles sarkan'i sp. nov., slide nos. BSIP 11446, coor- 165.0.
dinales 9.0x 161.0 (Holor'ype); 11447, coordinates 11.0x 151.0.
Sublriporopol/issp., slide no. BSIP 11445, coordinates 15.0xI52.4.
Gemmaslephanoco/pites sp., slide no. BSIP 11445, coordinates
8.4xt65.5. 13-15.

Verrualeles cannanoremis sp. hov.. slide no. BSIP 11448, coor-
dinates 19.0xI35.0 (Holotype).
Grimsda/ea sp., sliue no. BSIP 11449, coordinates 18.0xI65.0.
Po/ybT'evfco/pOriles sp., slide no. 13SIP 11450, cooruinates IH-19.
140.'152.4.

5
6.
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Occurrence--Meenkunnu phase- II, Cannanore
District, Kerala CQuilon Formation, Miocene).

A1finit~ Unknown.

TABLE 1

Family Palynotaxa Present day
distribution of
family

Quantitative Analysis

The quantitative analysis has been done on the
basis of frequency of various palynotaxa in a count
of 200 specimens per sample. The pteridophytic
spores are represented by 13 genera and 20 species
constituting 25 per cent of the assemblage. The sig
nificant pteridophytic spores of all the four as-

Tropical

Tropical

Tropical-sublropical
Tropical-subtropical

Tropical
suhlropical

Tropical
subtropical
Tropical sublropical

Cosmopolitan

Cosmopolitan
Tropical- sublropical
Tropical temperate

Cosmopolitan

Tropica I-suhlropica I

Temperdle-tropical

Palmaepollenites
kutchensts
Ne(i(;(lUperipollis
kulchensis
Qu tlol1ipollentles sahniJ
Lakiapollis olJalus

Margo(;(llporile.,
Isukaaae
Me!iapoIlL,
quadral1gulan's
M. ramanujamii
Cle11(il(lphonidiles
CoslUlUS
Cmhidiles aUSlralis
Diuyophyllidites
cannanorensis
Diplerucurpuspolleniles Tropical- suhtropical
retipiluluS
Tri(;(llponlpollis
malal1amadhensis
Tricolpites reliculalus
Lycopodiumsporites sp.
MallJacearumpol!is
bakonyenSis
M grandis
Tnporupollenlles rubuslus Tropical-subtropical
Myricipites singhii Cosmopolitan
Relilreswlpites indicus Cosmopolilan
TodL,poriles ma}l)r Cosmopolitan
Pcilyp(idiaceaesporiles Cosmopolilan
challerjii
Polypodiisporiles rarus
P.ornalus
P. luberc;ulensis
Relipilmwpiles
delicu II issimus
Pruleacidites lrunealus Tropical
P.lriangulus
Sublnpompollis rolU ndis Tropical-suhlropical
Subtrtporupollis sp.
Lyg<idium;p(lriles
lakiensis
L. eocenicus
L. paaappakka rensis,
OalJaperiporiles
jacobiJ

Cytenolophonaceae
( Clenolophun)
Cyalheaceae
Dickson iaceae

Gunneraceae
Lycopodiaceae
Malvaceae

Arecaceae

Bomhacaceae
(Dun'o)
Caesalpiniaceae
(Caesalpinia)

Clusiaceae

Potamogetonaceae

Ruhiaceae

Eu phorbiaceae

Diplerocarpaceae

Proteaceae

Thymeliaceae
(Wilkslruemia)

Mordceae
Myricaceae
Oleaceae
Osmundaceae
Polypodiaceae
(Polypodium)

Schizaeaceae

DISCUSSION

The possible botanical affinities of various
palynotaxa and present day distribution of various
fJl11ilies Jre given in Table 1.

Qualitative Analysis

Palynoflora recovered from the sediments of
Meenkunnu and adjoining areas of Kerala have
yielded a variety of pteridophytic spores and an
giospermous pollen. Dinoflagellate cysts and fungal
remains have also been recorded.

The total assemblage consists of 50 genera and
73 species of pteridophytic spores and angiosper
mous pollen. Of them, 10 species have been
proposed as new, viz., Dictyophyllidites can
nanorensis, Surmaspora karii, Verrualetes can
nanorensis, Retimonosulcites ramanujamii, Gem
matricolpites saxenii, Trihrevicolpon'tes duttae, T.
sarkarii, Tricolporopollis cannanorensis, T. allep
peyensis and Triporopollenites meenkunnuensis. The
genera like Proxapertites emendatus, Neocouperipol
lis kutchensis, Tn'colpites reticulatus and SIn'acol
porites spp. recovered from the above sediments
have been considered as reworked. Qualitative and
quantitative analyses of the palynoflora reveal the
dominance of angiospermous pollen over
pteridophytic spores.

Archella sp.

PI. 1, fig 18

Description-Algal spore oval in shape with cir
cular operculum. Size 28 x 23 ~m Operculum 20 ~m
in diameter. Spore wall 1.5 ~m thick, hair like struc
tures present. Body wall showing fine reticulate or
namentation.

Occurrence--Meenkunnu phase- I, Cannanore
district, Kerala CQuilon Formation, Miocene).

A1finit~Unknown.

Genu~rcbeUa

Incertae sedis
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semblages are: Lygodiumsporites, Crassoretitriletes,
TodispOrites, Dictyophyllidites, Intrapunctisporis,
Cheilanthoidspora, Polypodiaceaesporites and
Polypodiisporites. The angiospermous pollen are rep
resented by 36 genera and 52 species and constitute
75 per cent of the assemblage. The dominant genera
are: QUilonipollenites, Retimonosulcites, Lakiapollis,
Tricolpites, Retitrescolpites, Tribrevicolporites,
Meliapollis, Margocolporites, Tricolporopollis,
Ctenolophonidites, Myricipites, Triporopollenites,
Proteacidites, ClavaperipOrites and Malvacearum
pollis. Meenkunnu Phase-I assemblage consists of 37
genera and 44 species, in which 10 genera and 16
species belong [Q pteridophytic spores and 27 genera
and 28 species [Q angiospermous pollen. Meenkunnu
Phase-II is represented by 26 genera and 27 species
in which, 10 genera and 10 species are of
pteridophytic spores and 16 genera and j 7 species of

the angiospermous pollen. Meenkunnu Phase-III
comprises 29 genera and 36 species, amongst them 7
genera and 8 species belong to pteridophytic spores
and 22 genera and 28 species to angiospermous
pollen. Azhikhode bore-well consists of 21 genera
and 24 species, out of them, 6 genera and 7 species
belong [Q pteridophytic spores and 15 genera and 17
species to angiospermous pollen, one genus and 1
species to algal spores.

For the percentage frequency, only 30 species of
different genera from four assemblages have been
selected and plotted in the Text-figure 2. The
palynofloral frequency chan reveals that Lygo
diumspon tes padappakkaren.."is, Intrapunctisporis
spp., Cheilanthoidspora monoleta, Crassoretitriletes
vanraadshooveni, Pol)podiaceaesporites chatteJ]ii
and Polypodiisporites spp. are important
ptericlophytic genera in all the four assemblages

______ AREA/SAMPLE

PALYNOTAXA NUMBERS
M-I I M-II I M-1I1 I AZHIKODE

2 4 6 10 12 1 3 4 7 10 2 4 5 10 14 1 2 3 4 5 7 12

I~

1

LYGOOIUMSPORITE S PAOAPPAKKARENSIS

INTRAPUNCTISPORIS INTRAPUNC TIS

OICTYOPHYLLIOITES CANNANORENSIS

TOOISPORITES MAJOR
CRASSORETITRILETE S VANRAAOSHOOVENI
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Lygodiumsporites padappakkarensis is dominant
throughout the assemblage followed by In
trapunctisporis, Crassoretitriletes and
polypodiaceous spores. Polypodiisporites ornatus is
restricted to M-I to M-II whereas Verrualetes can
nanorensis is present only in the M-II and M-III
assemblages. Gemmatricolpites saxenii sp. nov. is
restricted to Meenkunnu-I, whereas Meliapollis
quadrangularis is present in M-III and Azhikhode
well. The frequency of Quilonipollenitessahniiis low
in all the assemblages. The percentage frequency of
Proteacidites spp., Subtriporopollis spp.,
Clavaperiporites jacobii and Malvacearumpollis
spp., are low (up to 10%). Lakiapollis, Dipterocar
puspollenites, Tricolpites, Tricolporopollis,
Ctenolophonidites, Triporopollenites and Myrclpites
are dominant throughout the assemblages.

PALAEOCUMATE

The palynofossils recovered from Meenkunnu
I-III and Azhikhode well have affinities with 23 extant

families. Of these, 9 families are restricted to tropical
subtropical, 3 families pertain to tropical-temperate,
7 families to cosmopolitan and 3 families are
restricted to tropical climate (Table 1). The preva
lence of tropical-subtropical climate with heavy rain
fall during the sedimentation of Meenkunnu and Az
hikhode well of Cannanore District, Kerala is evident
from the composition of the assemblage and present
day distribution of the nearest extant families: The
representation of fungal remains also supports the
above view.

ENVIRONMENT OF DEPOSITION

The palynofossils recovered from the above
samples are very rich and diversified. The present
palynoflora contains elements belonging to various
ecological groups, viz., montane, low-land, fresh
water swamp and water edge, back-mangrove and
sandy beach elements. The frequencies of different
ecological groups of Meenkunnu I to III and Azhik
hode well are given in Text-figures 3-6.
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Low-land

Margocolporites - Caesalpiniaceae

Lakiapollis - Bombacaceae

Favitricolporites - Rubiaceae

Subtriporopollis - Rubiaceae

Tncolporopollis - Euphorbiaceae

Myndpites - Myricaceae

Fresh water swamp and water edge plants

Lygodiumspon·tes - Schizaeaceae

Crassoretitn1etes - Schizaeaceae

Potamogetonaceae

Arecaceae

Polypodiaceae

Ctenolophonaceae

Clusiaceae

Montane Elements

CIavaperiporites

Proteacidites

Neyvelisporites

Todisporites

Lycopodiumsporites

Polypodiaceaesporites

Thymeliaceae

Proteaceae

Schizaeaceae

Osmundaceae

Lycopodiaceae

Polypodiaceae

Polypodiisporites

Ctenolophon idites

Meliapollis

Retipilonapites

Proxapertites

Back-mangrove

Malvacearumpollis Malvaceae

Paleosantalaceaepites - Rhizophoraceae

Sandy beach elements +

Palmaepollenites Arecaceae

QUilonipollenites - Arecaceae

Neocouperipollis Arecaceae

An analysis of ecological groups of Meenkunnu
I-III and Azhikhode well reveals that fresh water
swamp and water edge and low-land elements are
dominant over montane, back-mangrove and sandy
beach elements. The details of each section is men
tioned below.
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..... . . . . . .. . . . . . . . . . . .

ments is almost same in all the samples 0-7) but their
number increases in the 10th sample. Back
mangrove elements are dominant in 1, 3 and 4
samples and decrease at 7th and 10th samples (Text
figure 4).

In Meenkunnu-lII, low-land elements are almost
same in all the samples but their higher frequency in
the 10th and 14th samples has been observed. Mon
tane elements are very low in 2-5 samples and the
frequency increases in 10th and 14th samples. The
back-mangrove elements are high in the lower part
but decrease in the 5th sample and again increase in
10th and 14th samples. Freshwater swamp and water
edge elements are dominant in this assemblage
whereas the frequency of sandy elements is low in all
the samples (Text-figure 5).

In Azhikhode well, the frequency of low-land
and freshwater swamp and water edge elements are
same in all the samples. The frequency of sandy
elements has also been observed same in all the

.... . .. .
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In Meenkunnu-I section, low-land elements are
dominant over the fresh water swamps and water
edge plants. The frequency of low-land elements is
lower in the lower part (30%) and increases at the
middle (45%) and decreases in the 10th sample and
again increases at the top. The frequency of fresh
water swamp and water edge elements is high in the
lower part and decreases at the 4th sample and shows
increase in the 6th sample. The frequency of the same
decreases at the 10th sample and increases at the
upper part. Sandy beach elements are low in 2, 4 and
6 samples and frequency of these elements increases
in 10th and 14th samples. Back-mangrove elements
dominate in 2, 4 and 6 samples whereas they dwindle
in 10th and 14th samples. Frequency of montane
elements are almost the same in all samples (Text-figure
3).

The fresh water swamp and water edge plants
are dominant over low-land elements in Meenkunnu
II assemblage. The frequency of sandy beach e1e-
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RAO & RAJENDRAN-I'ALYNOLOGICAL INVESTIGATIONS OF TERTIARY LIGNITE, KERALA I3ASIN I'll

REFERENCES

Text-figure 6- Ikpre~en(a(ionof different ecological group~ in Azhik
hode well.

Couper RA 1953. Upper Mesozoic and Cainozoic spores and pollen grain~

from New Zealand N. Z. geol. Sum. PulueonlOl. Bull. 22: 1 -77.

Couper RA 1951'. British Mesozoic miLTo~pore~and rollen - a sy~tematic

and ~traligraphic~tudy Pulueonlo~raphicaBI03:75-79.

Oe!court AF & Srrumont G 1955 Les srores et grain~ ~e rollen du
Wealdien du Hainaul. Mem Soc Beige. Ceol 4 73

Oettmann ME 1903. Urrer Me~ozoic microflora~ from ~outh easrern
AU~lralia. PrilC R. Soc. Viet. 77(1): 1-141'.

Outta SK & Sah SCO 1970. Palynostratigrarhy of the Tertiary sediments
of A~~am - 5 Stratigrarhy and ra1ynology of ~outh Shillong plateau.
Pulueonlo~mphiwB133(1-4) 1-72.

Foote RB 1&l3. On the geology of~outhTravancore. Rec. geol. ,;un; India
16 (l) 20-3')

Genneraad JH. Horring CA & Muller J 1961'. Palynology of Tertiary
~ediment~ from trorical area~. Rev. Pulueobol. Pu/l'/wi. 6 (3 & 4):
1H9 - 341'

Harris WK 190'). Tertiary microflora~ from Brishane, Queen~land. Rep.

~e'" Sum. Qd. 10: 1-7.

Kar RK 191'') The fo~~il flora' of Kutch - 4. Tertiary palynostratigrarhy
Pulueobo!UI'/I~~134 1 - 279

Kar IU< & Jain KP 191'1. Palynology of the Neogene ~ediments around
Quilon and Varkala, Kerala Coa~t, ~outh India-2. Spore~ and rollen
grains. PulueobolunisI27 (2): 113 -131

King W 1M2. The Warkalli heds and as~ociared dero,irs at Quilon in
Travancore. Rec.geol. Sum. Indiu 15 (2): 93-102.

Pierce 1(1 1961. Lower-Urrer Creuceous plant microfossils from Min
ne~ota. Bull. ~eol. Sum. Min. Unill. 42: 1-1'0.

Poronie I( 1960 Synor~is der Gallungen der spore dbperse III. Teil:
Nachtrage Sroriles. Fortserzung Polleni!e, mit generalregi~ter Zu
Teill-Ili. Beih.~e(}I.Jb 391-11'9.

I'otonie l{ & Sah SCO 1960. Sporae di,persue of the lignites from Can
nanore heach on rhe Malahar coast of India. Pulueobo!Unisl 7(2):
121-145.

Poulose KV & Narayana~wami S 1961'. The Tertiarie~ofKerala. Mem. ~eul.

Soc. Indiu 2: 300-301'.

l{aha I'K, Rajendran Cl' & Kar I{K 191'7. I{ecord of Early Tertiary deroslls
in Kerala, India and its ralaeogeograrhic significance. Ceophylolog)J
17 (2): 209-211'.

l{aha I'K, I{oy SK & !{ajendran CP 191'3 A new arrroach to the lithostrdtig
raphy of the Cenozoic sequence of Kerala. I ?eol. Soc. 24: 325-342

l{ajendran CI', Raba I'K & Kar I{K 191'9. Palynological assemblage from
Neogene ourcror~ f Kerala Coast, India. Indiul1 Minerals 43(1):

39-46.

Ramanujam CGK 1972 Hevi~ion ofrteridorhy1ic ~pores from the Warkall
lignite of ~ourh India. Pmc. Sem Pulueupulynol Indiun Slrull?r

Culcullu: 241'-254.

Ramanujam CGK 1977. A palynological approach to the study ofWarkalii
derosit~of Kerala in south Indi,•. Ce(Jphy/o/o!!..y 2: 160-164.

Ramanujam CGK 19H7. Palynology of the Neogene Warkalli hed.s of
KeralaSrate in ~ourh IndiaI Pulueonl. Soc Indiu 32: 25-46.

Ramanujam CGK & Ibo KI' 1973 A study of rollen grains of
Ctel1oloph(Jnidilesfrom the WarkalJi deposits of south India witb a
note on rhe geological hi~rory of Cteno/ophon. Pulueobo!Unb'120:

211-215
Ibmanujm CGK, ({eddy I'I{ & l{ao GM 1991. Palynoa~semhlage.s of the

suh~urface Tertiary strata at I'atlanakad, Allerpey OistriCl. Kerala
Sute.I pulueonl. Soc Indiu 36 ')1-51'.

I{ao Al{ & Vimal KP 1953. Preliminary ooservatiom on the microfossil
contenr of some lignites from Warkalli in Travancore. Curr Sci 21:

210-215
l~ao KP & Ramanujam CGK 197R I'alynology oflhe Neogene Quilon heds

of Kerala State in south India-1 Srore~ of rreridohy1es and r ollen

of monocotyledons. Pulue(JbolunisI25: 397-427

12

I>:-~ -:1 BAEK - MANGROVE

IFR'FII FRESH \;ATER S\;AMP
IE±EI AND \;A TER EDGE

345
SAMPLE NUM[JERS

_ SANOY - BEAEH

im LO\; -LAND

BO • • . .' • ::\....

o
1

OJ
l:l

"....z
~
a:
OJ
0..

IlIDIIlIli UNIOENTIFIED

~ MONTANE

90

100

samples. Back-mangrove elements are observed with
lower frequency in the lower part 0-3) and their
number increases in 4th and 5th samples and again
decreases at the 7th and 12th sample (Text-figure 6).

The above discussion reveals that the deposition
ofsediments could have taken place in the fluctuation
of transgressive and regressive phases.

The qualitative analysis of Meenkunnu and Az
hikhode assemblages also reveals the presence of
Lygodiumsporites, Todisporites, Intrapunctispon's,
Lycopodiumsporites, and Potypodiisporites,
Polypodiaceaespon:tes, which is indicative of fresh
water swampy environment. The montane elements
belonging to families Thymeliaceae and Proteaceae
appear to be derived from long distances. The pollen
types of Potamogetonaceae is indicative of fresh
water lakes or ponds dotting the landscape. The
dominant occurrence of Lakiapollis and Tricot
pompotlis indicates the luxuriant growth of wet
evergreen forest. The prevailing nearshore condi
tions have been confirmed by the presence of palm
pollen, viz., Patmaepollenites, Neocouperipollis and
QUitonipollenites. The presence of dinoflagellate
cysts and the back-mangrove elements (Pateosan
tataceaepites and Matvacearumpollis) suggests the
existence of brackish water mangrove swamps.



82 THE PALAEOBOTANIST

Rao KP & Ramanujam CGK 1982 Palynology of the QUilon beds ofKerala
State in south India 2. Pollen 0 dicotyledons and discussion.
Palaeobotanist 30: 68-100

Rao KVR 1975. Ground water exploration and long term aquifer manage
ment, Kerala. In: Symp. Mineral Resources in Kerala and their
utilization Geosci. techno!' Assoc., Kerala: 1-7.

Rao KVR, Subramanian P, Kurien J & Munhy MK 1975. Hydrolic
parameters and preliminary resources evolution of coastal sand
stone aquifer system in Kerala Slate (India). Pmc. natn. Symp.
hydro!. Roorkee Univ., Roorkee. 40-44.

Rao MR 1990. Palynological investigation of Anhungal bore-hole, A1lep
pey District, Kerala. Palaeoooranist 38: 243 - 255.

Rao MR 1995 Palynostratigraphic zonation and correlation of the Eocene
Early Miocene sequence in Alleppey District, Kerala, India. Reo.
Palaeobot Palyno!. 86: 325-341l.

Rao MR & Singh HP 1987. Palynology of Barail (Oligocene) and SUrrTp
(Lower Miocene) se.diments exposed along Sonapur-Badarpur Road
section, Jaintia Hills (Meghalaya) and Cachar (Assam). Pan-Ill.
Pteridophytic spores. Palaeoootanist 35 (3) 267-280.

Sah SCD 1967. Palynology ofan Upper Neogene profile from Rusizi Valley
(BunlOdi). AnnaL,'. Mus. r. Afr. Cent ser. 857: 1-73

Saxena RK 1978. Palynology of the Matanomadh Formation in the lype
area, nonh western Kutch, India (Pan I) Systematic description of
pteridophytic spores. Palaeoboranist 25 448-456,

Saxena RK 1979. Palynology of Matanomadh Formation in type area,
nonh western Kutch, India (Pan II), Systematic description of gym
nospermous and angiospermous pollen grains. Palaeoootanist 26
(2) 130-143

Singh HP & Rao MR 1984, Surmaspora, a new pteridophytic spore genus
recovered from the Teniary sediments of Meghalaya and Assam.
Curro Sci. 52 OS) 803-R05,

Singh HP & Saxena RK 1984. Palynology f the Neogene sediments of
Jorajan well-3, Upper Assam. Proj A. K Ghosh. Commem. Vol:
613-631.

Singh RY 1975. Morphological study of the Retialetescomplex from Indian
Teniaries Geophytology 50): 98- 104.

Thomson PW & Pflug H 1953. Pollen und sporen des Mittele-uropaischen
Teniars. Palaeontographfca 94: 1-138.

Tripathi SKM & Singh HP 1985. Palynology of the Jaintia Group
(Palaeocene - Eocene) exposed alongJowai-Sonapur road, Megha
laya, India (Pan 1) Systematic palynology. Geophytology 15 (2):
164-187.

van der Hammen T & de Mutis G 1965, The Palaeocene flora of Colombia.
Lied. Geo!. Meded. 35

Varma YNR 1987. Palynomorphs of ecological significance from Tonak
kal Teniary days of Kerdla State, Indian.]. Bot. 10 (2): 163-168.

Varma YNR & Patil RS 19R5, Fungal remains from the Teniary car
bonaceous days of Tonakkal area, Kerala. Geophylology 15 (2):
151-158,

Varma YNR, Ramanujam CGK & Patil RS 1986, Palym)flora of Teniary
sediments ofTonakkal area, Kerala,j. Palynol. 22: 39·53,

Varma CP & Rawat MS 1963. A note on some diporate grains r.ecovered
from Teniary horizons of India and their potential maker value
Grana Palynol. 4: 130-139

Venkatachala 55 & Goczan F 1964. The spore-pollen flora of Hungarian
"Kossen Facies" AUa geo!. lilloana 8 0-4): 203- 228

Venkatachala 5S & Kar RK 1969, Palynology of the Teniary sediments of
Kutch-I. Spores and pollen from bore-hole no. 14, Palaeoootan~\t

1: 157-178,
Venkatachala BS & Rawat MS 1972. Palynology of the Teniary sediments

in Cauvery Basin-I. Palaeocene-Eocene palynoflora from the sub
surface. In:' Ghosh AK et al. (tditor;)- Pruc. Sem, Palaeopalyno!.
Indian Sliati/V., Calcutta (1971): 292-334,




