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Palynological assemblage from the Arthungal bore· hole (Alleppey District, Kerala) consists of '19 genera and 6')
species of pteridophytic spores and angjospermous pollen. Dinoflagellate Cysts and fungal remains ha\'e also been
reported. Li/iacidites keralaensis and Jacoblpollenites artbuligalensis have been established as new species The
palynological succession has been divided into three cenozones, viz, Triangulorites bellus Cenozone,
Crassoretitriletes uanraadshooueni Cenozone and ,I,faluacearumpollis bakonyensis Cenozone. Palynological data
depict a warm and hUll1id tropical climate with plenty of rainfall during the lime l)f deposition Palynofossils
belonging to lowland, fresh water swamp and water edge, back mangrove and coastal floras have been identified
Palynological succession ranges from Eocene·Early Miocene in age.
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PALYNOFOSSILS have been recovered from
Arthungal (9 0 39" 32: 76 0 17" 50) bore-hole
(44070 m depth) in Alleppey District, Kerala (Map
1) The area is covered by coastal alluvium
composed of sand and sandy clay. This is underlain
by a sequence of alternating beds of clays and
sandstones with band of lignite. The lithological
details of the samples are dS follows:

1

2.

3
4.
'i.

Depth/range
in m

43070·442.70
418.70·43070
412.70·4Hl70
409.70·41270
37970·40970

lithology

Carbonaceous sand
Clayey sand
Clayey sand
Clayey sand
Clayey sand
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6
7

8
9

10.
11

12.
13
14.
15
16.
17
18.
19.
20.
n
22.
23
24.

32270·37970
27470·32270
271.70·27470
268 70· 27170
24170·26870
20570·24170
15770·20570
151.70·157.70
14270· 151.70
12470·14270
10070·12470
9170· 10070
7670· 9170
46.70· 7670
31.70· 46.70
2270· 3170
1670· 22.70
770· 1670
000· 7.70

Carbonaceous sand
Coarse carbonaceous sand

Clayey sand
Lignite
Carbonaceous sandy clay
Carbonaceous sandy clay
Sandy clay
Sandy clay
Clayey sand
Clayey sand
Clayey sand
Clayey sand

Clayey sand
Sand
Clayey sand
Carbonaceous clayey sand
Sand
Sandy clay
Coarse sand
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Map I-Localities of Tertiary eXflosures in Kerala Basin.

The Tertiary sediments of Kerala coast are
known as Warkallj and Quilon beds; they were first
described by King (1882) and Foote (1883) The
Quilon beds consist of fossiliferous limestOnes with
intercalations of calcareous clays, carbonaceous
clays and sands, while the Warkalli beds include
variegated sandstone 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 and is succeeded by recent to subrecent
marine and estuarine sediments (Poulose &
Narayanaswami, 1968).

Palynological studies of the TertialY sediments
of Kerala have been done by Rao and Vimal (1953),
PotOnie and Sah (1960), Ramanujam (1977),
Ramanujam and Rao (971), Rao and Ramanujam
(1978, 1982), .Kar and Jain (981), Varma,
Ramanujam and Paril (1986) and Varma (1987).
Raha, Rajendran and Kar (1987) for the first time
reponed Eocene·Early Miocene palyno·assemblages
from 600 metres deep bore· hole near Ambalapuzha
in A1leppey District, Kerala.

Out of 24 samples, 18 are productive. The
palynofossils include 49 genera and 65 species of
pteridophytic spores and angiospermous pollen.
Dinoflagellate cysts and fungal remains are also
present. The slides and negatives are depOSited at
the Birbal Sahni Instiwte of Palaeobotany, Lucknow.

The follOWing spore'pollen species are present
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PLATE 1 -
1.2

.3

~.

S

6.

7

8.

9

10.

11,12.

(All flhotomicrngraphs ca. x 500, Coordinates on Olympus Micro·

scope 110. 217267, BH. 2)

Llliacidiles keralaensis sfl 110\', Slide no. BSIP 9909,
Coordinates: 15.5x 1629 ()Iololype): J9.3 x 136.5
ReiJ/Jilc)/Iapiles arCOlellse Ral11allujam. Slide no. I3SIP 9910;
Coordinates: 15.7 x 163.6.
Longaperiiles bammenii R:.!o & Ramanujalll, Slide no.
I3S1P 9911; Coordinates H5x 143.8
Palmaepol/I.'I/iles kUlchensis venkatachala & Kar, Slide
no BSIP 9912; Coordinates: 20.0 x 1306.
fJalmaepol/eniles eucenicLiS (Biswas) Sah & DUlla, Slide
no. BSIP 9913, Coordinates: 8.8 x 145.2.
Pu~)'pudiaceae.spuriles inlrapllnclis Rao & Ramanujam,
Slide no. BS'P 9914; Coordinares: 20.5 x 1515.
Lae/Ilgalusporiles oualus Wilson & Webster, Slide no.
I3SIP 991'); Coordinates: 16.4 x 165.2
Clal'ainaperillriles clauaills v.d. Hammen & Wijmslra,
Slide no B$IP 99J6: Coordinates 85 x 163.6
Palll1idiles ma.ximus Couper, Slide no. BSIP 9913; Coordi
nares: 6.s x 126.5.
Cheilall/boidspora monolela Sah & Kar, Slide nos. BSIP
9917; Coordinates: 8.5 x 127.8; 9918, coordinales 120x
138.1

13. GheilanlhOidspora mioceneca Kar & Jain, Slide no. BSIP
9919; Coordinates 20.0 x 141.2.

14. Inaperlurupol/eniles sp. cr. /. pllnClallls Saxena & Bhalla·

charyya, Slide no. BSIP 9911; Coordinales: 10.1 x 133.7
15. Palmaepolleniles keralensis Rao & Ramanujam. Slide no.

BSIP 9920; Coordinales: 11.5 x 129.6.
J6. Quilunipol/eniles sahnii Rao & Ramanujam, Slide no.

BSIP 9921: Coordinales 60 x 1.38.6.
17 Polypudiispuriles ra/l1amii Rao & Ramanlljam, Slide no.

BSlP 9922, Coordinales: 11.2 x 1350
IR. PUI)lpodiisporiles miocenicus Rao & Ramanujam, Slide no.

I3SIP 9923; Coordinates, 10.0 x ]628
19. Crassorelilrileles uanraadshoolJeni Germeraad ef aI.,

Slide no. aSIP 9924, Coordinales: 18.5 x 152.3.
20,21 Lygodillmspuriles padappakkarensis Rao & Ralllanujalll,

Slide nos. BSIP 9913; Coordinales: 10.0 x 138.6, 9916;
Coordinates: 8.7 x 133.0.

22. Infrapll17C1ispuris inlrapunclis Krutzsch, Slide no. BSIP

9925, Coordinales: 21.5 x 163.4-
23. Osmllndacidiles kUlchensis Sah & Kar, Slide no. BSIP 9913;

Coordinates: 19.0 x 161.7.
24. I'errucosisporiles sp .. Slide no. BSIP 9926; Coordinates:

lROx1580
25,26. Neocollperipol/is (Couperipul/is) kUlchensis (Venkalachala

& Kar) Kar & Kumar, Slide nos. I3S]P 9927; Coordinates,
155 x 164.5; 9925; Coordinates: 19.0 x 157.5.

27 Foueolrileles sp., Slide no. aSIP 9925; Coordinares: 8.7 x
167.7.

28. Sirialrileles susannaI.' v.d. Hammen emend. Kar, Slide no.
BSIP 9928; Coordinates, 21.4 x 141.4.
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in the assemblage Palynotaxa marked with asterisks
(*) are described in the text. The botanical affinities
of the spore·pollen are given below:

Scbizaeaceae-Lygodiumsporites padappakka·
rensis Rao & Ramanujal11 1978 (PI 1, figs 20, 21),
Crassoretitriletes vanraadsbool'eni Germeraad,
Hopping & Muller 1968 (PI 1, fig 19. PI 3, fig 26).

Osm u ndaceae- Osm u ndacidites k u tcbensis Sah
& Kar 1969 (PI 1, fig 23)

Parkeriaceae-Striatriletes susannae van der
Hammen emend. Kar 1979 (PI 1, fig 28)

Polypodiaceae-Laevigatosporites ovatus \X!ilson
& Webster 1946 (PI 1, fig. 8), Polypodiaceaesporites
intrapunctis Rao & Ramanujam 1978 (PI 1, fig. 7),
Polypodiisporites miocenicus Rao & Ramanujal11 1978
(PI 1, fig. 18), P ratnamii Rao & Ramanujam 1978
(PI 1, fig. 17).

Potamogetonaceae-Re tipilonapi tes arcotense
Ramanujam 1966 (PI 1, fig 3), Clauainaperturites
clauatlls van der Hammen & Wijl11stra 1964 (PI 1,
fig. 9)

Palmae-Palmidites l1la:>....imus Couper 1953 (PI
1, fig. 10), Palmaepollenites eocenicus (Biswas) Sah
& Dutta ]966 (PI 1, fig. 6), P kutchensis
Venkatachala & Kar 1969 (PI 1, fig. 5), P keralensis
Rao & Ramanlljam 1978 (PI 1, fig. 1'j), Longapertites
bammenii Rao & Raman lljam 1978 (PI 1, fig. 4),
Neocouperipollis kutcbensis (Venkatachala & Kar)

Kar & Kumar 1987 (PI 1, figs 2"1, 26),
Quilompollenites sabnii Rao & Ramanujam 1978 (PI
1, fig. 16; PI 2, fig. 22), Trilatlporites noremi
Ramanujam 1966 (PI 3, figs 2, 3).

Liliaceae-~Liliaciditeskeralaensis' sp nov. (PI
1, figs 1, 2).

Oleaceae-Retitrescolpites singularis Rao &
Ramal1Lljam 1982 (PI 2, fig 13)

Ctenolophonaceae-Ctenolophonidites costatus
van Hoeken Klinkenberg 1966 (PI 2, figs 18, 19).

Bomhacaceae-Lakiapollis ouatlls Venkatachala
& Kar 1969 (Pl. 2, fig. 29; PI 3, fig. 16).

Eupborhiaceae- Tricolporopollis decoris Dutta
& Sah 1970 (PI 2, fig. 15)

Aleliaceae-Meliapollis ramanujamii Sah & Kar
1970 (PI 2, fig. 28), M. quadrangularis
(Ral11al1Lljal11) Sah & Kar 1970 (PI 2, fig 3).

Caesalpin iaceae-AJa rgocolporites tsu kadai
Ramanujam 1966 (PI 2, fig. 27), M sabnii
Ramanlljam 1966 (PI 2, figs 5, 6), Trisyncolpites
ramanlljamii Kar 1979 (PI 2, fig. 20).

RlIhiaceae-Retitricolporites c rassioratus Rao &
Ramanujam 1982 (PI 2, fig. 7), Fauitricolporites
magnliS Sah 1967 (PI 2, fig 8)

Polygalaceae-PolyhrelJicolporites karii Rao &
Ramanujam 1982 (Pl. 3, fig. 9)

Apocynaceae-Psilodiporites hammenif Varma &
Rawat 1963 (PI 3, fig. -S).

PLATE 2 -+

(All phOlumierographs ca x 'SOO; Coordinates on Olympus
mieruscupe no. Zl7267 ; BHZ)

1,2. Saslriipotleniles tritobaills vcnkatachala & Kar, Sljde nos.
8SIP 9929; Coordinates 60 x 160.~: 9930: Coordinates;
17'i x 1Z90

3 ,Weliapol!is qlladrangillan, ((amanujam) Sah & Kar, Slide
no. BSII-' 9922; Courdinates: 60 x 171.0.

q Verriliricolpiles sp. Slide no. BSIP 9931: Coordinates;
IZ.O x 1350

') 6. iHargocolporiles sabnii Ramanlliam, Slide no 8SII-' 9932,
Coordinates; 16.0 x 139.3.

7 Relilricolporiles crassioratus Rao & Ramanlljam, Slide no.
BSIP 9930; Coordinates; 9.3 x 1460.

8 Fal'ilricolporiles magl1us Sah, Slide no. BSII-' 9933, Coordi
nates; 6.4 x 168.0.

9 Tricolporopollis rllbra Dutta & Sah, 51 ide no. BSI P 9919;
Coordinates; 14.0 x 1544.

10. Polycolpiles sp.. Slide no BSIP 9921; Coordinates; 85 x
148.5.

11 RelislepiJanocolpiles sp, Slide no BS1P 9924; Coordinates;
20.0 x 1402.

12. Depnalobreuicolporites (Triorites) dermatlls (Sah & Kar)
Kar, Slide no. BSIP 9934; Coordinates; IZ.3 x 1510

13. Relitrescolpites singularis Rao & Ramanujam, Slide no.
B51P 9935; Coordinates: 110 x 1315

14. Tricotpites retipitatus Kar & Jain, Slide no. BSIP 9936;
Coordinates; 8.3 x 1615.

15. Tricolporopoltis decoris Dutta & Sah, Slide no. BSIP 9921;

Coordinates; 8.5 x 156.5.
16 Tricotporopollis (Venkatachala & Kar) malanamadbensis

Tripathi & Singh, Slide no. BSIP 9928; Coordinates; 18.0 x
1670

17. Gemmatricolpiles sp., Slide no. BSIP 9926; Coordinates;
160x 1306.

18,19. Ctenotopbonidiles coslatus (van Hoeken·Klinkenberg)
Slide nos. BSIP 9916; Coordinates; 110 x 138.5; 9937;
Coordinates; 18.5 x 158.4.

20. Trisyncolpiles ramanujamii Kar, Slide no. BSIP 9915;
Coordinates: 10.0 x 136.8.

21 Tricolpites crassireticutatus Dutta & Sah, Slide no. BSIP
9916; Coordinates: 9.0 x 155.2.

22. Quitonipollenites sabnii Rao & Ramanujam, Slide no.
BSIP 9925; Coordinates; 9.0 x 155.2.

23, Tricolpites relibacutatus Saxena, Slide no. BSIP 9913;
Coordinates; 20.3 x 164.0.

24,25. Triangutorites bellus (Sah & Kar) Kar, Slide nos BSIP
9929; Coordinates: 4.2 x 1474; 9923; Coordinates; 14.5 x
137.2.

26. Tricolpites malanomadbensis Saxena, Slide no. BSIP 9924;
Coordinates; 15.0 x 142.0.

27 Margocolporiles lsukadai Ramanujam, Slide no. BSIP 9919;
Coordinates; 11.6 x 156.9.

28. Meliapollis ramanujamii Sah & Kar, Slide no. BSIP 9930;
Coordinates; 114 x 148.0.

29. Lakiapollis oval us Venkatachala & Kar, Slide no BSIP 9924;
Coordinates; 14.4 x 165.0.
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Moraceae- Triporopollenites minutlls Rao &
Ramanujam 1982 (PI 3, fig. 4)

Proteaeeae-Proteacidites triangllllls Kar & Jain
1981 (PI 3, figs 17, 18), P trllncatus Rao &
Ramanujam 1982 (PI 3, fig. 7)

Cbenopodiaceae-Chenopodipollis miocenica
Kat" & Jain 1981 (PI 3, fig. 6).

Maluaeeae-/VlallJacearlimpollis hakon)'ensis
Nagy 1962 (PI 3, figs 22, 23).

Un ee rt a in affin i ty-in trap II n c t isporis
intrapunetis Krutzsch 1959 (PI I, fig 22),
Foueotriletes sp. (PI 1, fig. 27), Verrllcosisporites sp.
(PI 1. fig. 24), Cbeilanthoidspora monoleta Sah &
Kar 1974 (PI. 1, figs 11,12), C miocenecaKar&Jain
1981 (PI 1, fig. 13), Inaperturopollenites sp. d. 1.
punctatus Saxena & Bhattacharyya 1987 (PI 1, fig.
14), Tricolpites crassireticulatus Dutra & Sah 1970
(PI 2, fig. 21), T retihaClilatlis Saxena 1979 (PI 2,
fig. 23), T 1I1.atanomadhensisSaxena 1979 (PI2, fig.
26), T retzpilatus Kar & Jain 1981 (PI 2, fig 14),
Tricolpites sp. (PI 3, fig. 21), Ven'utricolpites sp. (PI
2, fig. 4), Cemmatricolpites sp. (PI 2, fig. 17),
Retistephanocolpites sp. (PI 2, fig. 11), Polycolpites
sp. (Pl. 2, fig. 10), Tricolporopollis rllhra Dutra & Sah
1970 (PI 2, fig. 9), T matanamadhensis Tripathi &
Singh 198') (PI 2, fig. 16), Sastriipollenites trilohatus
Venkatachala & Kar 1969 (PI. 2, figs 1, 2),
Dennatohreuicolporites dermatus (Sah & Kar) Kar
1985 (PI. 2, fig. 28), Retitrieolporites sp. (PI 3, fig.

29), Striaeolporites ovatus Sah & Kar 1970 (PI 3, fig.
28), S eephalus Sah & Kar 1970 (PI 3, fig. 10),
Verrueolporites uerrucus Sah & Kat" 1970 (PI 3, fig.
8), jacohipollenites arthungalensis sp. nov. (PI 3,
figs 11, 24), Verrutriporites sp. (PI 3, fig. 19),
Triangulorites helhls (Sah & Kar) Kar 1985 (PI 2, figs
24, 25), Polyporina multlporosa Kar 1985 (PI. 3, fig.
1) and Ornatetradites droserOides Rao & Ramanujam
1982 (PI. 3, fig. 27).

The taxa designated as 'sp.' in the check list are
distinct and hence could not be assigned to any of
the known species. Detailed morphological study of
these taxa will be carried out later.

Genus-Liliuctdites Couper 1953

Type spec ie s- LiLiaeidites kaita ngataensis
Couper 1953

Liliacidites keralaensis sp. nov.
PI. 1, figs 1, 2

Holotype-PI. 1, fig. 1, size 65 /-Lm; Slide no. BSIP
9909.

Type loeality-Arthungal bore-hole, Alleppey
District, Kerala, depth range 32270-377.70 m.

Diagnosis-Pollen oval-elliptical, size range 60­
70 x 34-50 /-Lm, monosulcate, sulcus distinct, 6 /-Lm
long, 4 /-L m wide extending from one end to other;
exine up to 3.5 /-Lm thick, sexine ca 2.5 /-Lm, nexine

-+PLATE 3
(All photOmicrographs ca. x 500; Coordinates on Olympus 14. Lirasporis inlergranifer POlOnie & Sah emend. Kar & Jain,
microscope no. 217267. BH-2) Slide no. BSIP 9928; Coordinates: 19.5 x 127.0.

1. Polyporina muillporosa Kar; Slide no. BSIP 9938; Coordi- 15. Collumosphaera sp., Slide no. BSIP 9919; Coordinates:
nates: 17.0 x 132.2. 19.5 x 127.0.

2,3. Tritaliporiles noremi Ramanujam, Slide no. BSIP 9934, 16. Lakiapottis oval us Venkatachala & Kar, Slide no. BSlP 9911;
Coordinates: 16.6 x 135.0. Coordinates: 18.0 x 149.5.

4. Triporopolteniles minulUs Rao & Ramanujam, Slide no. 17·18. Proleacidiles Iriangulus Kar & Jain, slide no. BSIP 9910;
BSIP 9937; Coordinates: 8.0 x 148.1. Coordinates: 16.0 x 168.2.

5. Psitodiporiles hammenii Varma & Rawat, Slide -no. BSIP 19. Verrulriporiles sp., Slide no. BSIP 9909; Coordinates:
9930; Coordinates: 10.5 x 150.3. 11.0 x 149.0.

6. Chenopodipollis miocenica Kar & Jain, Slide no BSIP 20. Achomosphaera sp., Slide no. BSIP 9916; Coordinates: 7.5 x

9939; Coordinates: 15.0 x 156.1. 134.0.
7. PrOleacidiles Iruncalus Rao & Ramanujam, Slide no. 21. Tricolpiles sp., Slide no. BSlP 9933; Coordinates: 21. 5 x

BSIP 9940; Coordinates: 11.4 x 169.0. 143.6.
8. Verrucolporiles verrucus Sah & Kar, Slide no. BSl? 9914; 22 ·23. Matvacearumpottis bakonyensis Nagy, Slide no. BSIP 9939;

Coordinates: 4.0 x ]60.0. Coordinates: 5.0 x 162.0.
9. Polybrevicolporiles karii Rao & Ramanujam, Slide no. BSIP 25. Thatlasiphora sp., Slide no. BSIP 9941; Coordinates:

9931; Coordinates: 9.3 x 1600 175 x 160.6.
10. Siriacolporiles cephalus Sah & Kar, Slide no. BSIP 9913; 26. Crassorelilrileles vanraadshooveni Germeraad el aI.,

Cqordinates: 17.4 x J600. Slide no. BSIP 9942; Coordinates: 10.5 x 164.0.
11,24. jacobipolleniles arlhungalensis sp. nov., Slide no. BSl? 27. Ornalelradiles droseroides Rao & Ramanujam, Slide no.

9936; Coordinates: 15.0 x 1650; 9941; Coordinates: 8.6 x BSIP 9934; Coordinates: 4.0 x 147.8.
159.0 (Holorype). 28. Siriacolporiles ovalus Sah & Kar, Slide no. BSIP 9930;

12. Operculodinium sp., Slide no. BSIP 9911; Coordinates: Coordinates: 14.0 x 133.0.

6.3 x 158.0. 29. Relilricolporiles sp., Slide no BSJP 9943; Coordinates: 8.5 x

13. Heliospermopsis' hungaricus Nagy, Slide no BSIP 9937; 139.0.
Coordinates: 7.0 x 165.4.
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2 TAXA

LYGODIUMSPORITES PA DAPPAKKARENSIS
INTRAPUNCTISPORIS INTRAPUNCTIS
OSMUNDACIDITES KUTCHENSIS
FOVEOTRILETES Sp.
VERRUCOSISPORITES. Sp
STRIATRILETES SUSANNAE
CRA SSORETITRILE TE S VANRAADSHOOVENI
CHEILANTHOIDSPORA MONOLETA
C MIOCENICA
LAEVIGATOSPORITES OVA TUS
POLYPODIACEAESPORITES INTRAPUNCT IS
POLYPODIISPORITE S MIOCENICUS
P. RATNAMII
RETIPILONAPITES ARCOTENSE
CLAVINAPER TURITES CLAVATUS
INAPERTUROPOLLENITES sp.cf L PUNCTATUS
PALMIDITES MAXIMUS
PALMAEPOLLENITES EOCENICUS
P KUTCHENSIS
P KERALENSIS
1I1iACIDlTES KERALAENSIS
LONGAPERTITES HAMMENII
NEOCOUPERIPOLllS KUTCHENSIS
QUILONIPOLLENITES SAHNII
TRICOLPITES CRASSIRETtCULATUS
T RETIBACULATUS
T MA TANOMADHENSIS
T. RETIPILATUS
VERRUTRICOLPITES. Sp.
RETITRESCOLPITES SINGULARIS
TRICOLPITES. Sp.
RETISTEPHANOCOLPITES. Sp .
POLYCOLPITES. Sp.
CTENOLOPHONIDITES COS TAT US
TRISYNCOLPITES RAMANUJAMII
MARGOCOLPORITES TSUKADAI
M. SAHNII
RETITRICOLPORITES CRASSIORATUS
SASTRIIPOLLENITES TRILOBATUS
DERMATOBREVICOLPORITES DERMATUS
FAVITRICOLPORITES MAGNUS
LAKIAPOLLIS OVATUS
MELIAPOLLIS RAMANUJAMII
M. QUADRANGULARIS
GEMMATRICOLPITES Sp.
TRICOLPOROPOLLIS DECORIS
T RUBRA
T MATANAMADHENSIS
VERRUTRIPORITES. Sp
STRIACOLPORITES CEPHALUS
S OVATUS
POLYBREVICOLPORITES KARl!
RETITRICOLPORITES. Sp.
PSILODIPORITES HAMMENII
TRIANGULORITE S BELL US
TRIPOROPOLLENITES MINUTUS
PROTEACIDITES TRUNCA TUS
P. TRIANGULUS
TRILATIPORITES NOREMI
JACOBIPOLLENITES ARTHUNGALENSIS
VERRUCOLPORITES VERRUCUS
POLYPORINA MULTIPOROSA
CHENOPODIPOLLIS MIOCENICA
MALVACEARUMPOLLIS BAKONYENSIS
ORNATETRADITES DROSEROIDES
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ca 1 /-(m thick; surface finely reticulate, reticulum
homobrochate, brochi up to 1 /-(m.

Comparison-Liliacidites keralaensis sp. nov.
compares well with L. kaitangataensis Couper
(1953) in its organization but the latter can be
distinguished by its differential ornamentation
pattern of the reticulate exine (lumina 5 /-(m at
equator and 1 /-(m at poles). L. baculatus
Venkatachala & Kar 1969 is distinguished by its
funnel-shaped sulcus and intrabaculate exine. L.
elliptic us Venkatachala & Kar 1969 is distinct by its
boat-shaped sulcus and finely intrareticulate exine_
L. magnusJain, Kar & Sah 1973 is closely comparable
by its ornamentation but the present species is
differentiated by its teetate exine. Liliacidites
microreticulatus Dutta & Sah 1970 is bigger in size
(89 /-(m) and has differential ornamentation.

Affinity- Liliaceae.

Genus- jacobipo//enites Ramanujam 1966

Type species-jacobipollenites magnificus
Ramanujam 1966

jacobipollenites artbungalensis sp. nov.
PI. 3, figs 11, 24

Holotype-PI. 3, fig_ 24; size 60 /-(m; Slide no.
BSIP 9941.

Type locality-Arthungal bore-hole, Alleppey
District, Kerala, depth range 32270-37770 m.

Diagnosis-Pollen spheroidal, size 55-60 x 45-55
/-(m; monoporate, pore distinct, 10-12 /-(m wide, thick
annulus present around pore; exine up to 4 /-(m
thick, retipilate, surface showing retipilariate
ornamentation.

Comparison -jacobipollenites a rtbungalensis
sp. nov. is closely comparable with]. magnificus
Ramanujam 1966 in its general characters but the
latter can be distinguished in haVing coarse
reticulum and absence of annulus around pore.

Affinity-Unknown.

PALYNOSTRATIGRAPHY

The three cenozones established are given
below in ascending order (Text-fig. 2):

iii) Malvacearumpollis bakonyensis Cenozone
ii) Crassoretitriletes vanraadsbooueni

Cenozone
i) Triangulorites bellus Cenozone

Triangulorites bellus Cenozone

Type section-Depth range 440.70-272.70 m.
Lithology-Mainly composed of sand and clayey

sand, thickness 168 m.

Nature of contact-This cenozone constitutes
the lowest biostratigraphic unit in the bore-hole.
The sediments are conformably overlain by those
which contain Crassoretitriletes vanraadshooveni
Cenozone. •

Species restricted to this cenozone­
Cheilanthoidspora monoleta, Liliacidites keralaensis,
N eo co up e rip 0 II isku t chen sis, T ric 0 Ipit e s
crassireticulatus, Polycolpites sp., Sastriipollenites
t ri loba t us, Meli apollis ra ma n uja m ii, M.
quad ra ng u la ris, Tri colpo ropollis d ecoris,
Striacolporites cepbalus, S. ovatus, Polybreuicol­
porites karii, Triangulorites bellus, jacobipollenites
arthungalensis and Ven'ucolporites uerrucus.

Cha racteristic palynofossils-Ctenolophonidites
costatus, Lakiapollis ouatus, Cheilanthoidspora
monoleta, Liliacidites keralaensis, Neocouperipollis
kutchensis, Polycolpites sp., Sastriipollenites
trilobatus, Me/iapollis ramanujamii, M.
quadrangularis. Tricolporopol/is decoris,
Striacolporites cephalus, S ouatus, Polybreuicol­
porites karii, Triangulorites bellus, .lacobipollenites
arthungalensis and Verrucolporites uen'ucus.

Remarks-The significant features of this
cenozone are the restricted and common occurrence
of Tricolporopollis decO/'is (20%), .lacoblpollenites
arthungalensis ( 18%), Li/iacidites keralaensis (15%),
Neocouperipollis kutchensis (11%) and restricted but
rare representation of Triangulorites bellus (8%) and
Verruco/porites uerrucus (8%). Lakiapollis ouatus
(25%) is the dominant taxon. Tricolporopollis decoris
is abundant (26%) in the lower part but rare towards
top (3%).

Crassoretitriletes uanraadsbooueni Cenozone

Type section-Depth range 271.70-151.70 m.
Lithology-Mainly sandy clay with a band of

lignite; thickness 120 m.
Nature of contact-The upper part of the

sediments which contains this cenozone is
composed of sandy clay. It is conformably overlain
by the clayey sand of Maluacearumpol/is bakonyensis
Cenozone.

Species restricted to this cenozone­
Po/ypodiisporites ratnal11ii, Tricolpites
matanomadhensis, Tricolporopollis rubra and
Trisyncolpites ral11anujamii.

Characteristic palynofossils-Crassoretitriletes
uanraadshooueni, Polypodiisporites ratnamii,
Lygodiumsporites padappakkarensis, Polypodiaceae­
sporites intrapunc tis, Ctenolophonidites costa tus,
Margocolporites tsukadai, Lakiapollis ouatus and
Trisyncolpites ral11anujamii.

Remarks-The appearance of Crassoretitriletes
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Text-figure 3- Representation of different ecological groups in
Anhungal bore-hole

marine conditions. The frequency of different
ecological groups has been given in Text-fig. 3.

Low-land flora

and T/-isyncolpites is significant in these sediments.
Trisyncolpites is restricted to th is cenozone only.
Ctenolopbonidites costatus (49%) and Lakiapollis
ovatus (25%) are the abundant taxa in this
cenozone. Lygodiumsporites padappakkarensis
(10%) is rare in the lower pan and gradually
decreases tOwards the tOp of the cenozone.
Extinction of Lakiapollis and Ctenolopbonidites
at the post Eocene terminal event has been reponed
(Venkatachala et at., 1989). However, their dominant
occurrence in the Arthungal bore-hole (Eocene-Early
Miocene) has been observed. The post Eocene
appearance may be surmised either to reworking or
to their continuation beyond Eocene.

Maluacearumpollis bakonyensis Cenozone

Type section-Depth range 151.70-770 m.
Litbology-Mainly clayey sand, upper part sandy

clay alternating with sand. thickness 144 m.
Nature of contact-These sediments are

overlain by carbonaceous sand and are devoid of
palynofossils.

Species restricted to tbis cenozone-So-iatriletes
susannae, Cbeilantboidspora mioceneca,
Tnporopollenites minutus, Chenopodipollis
miocenica, Malvacearumpollis bakonyensis,
Heliospermopsis bu ngaricus and Lirasporis
intergranifer.

Cbaracteristic palynofossils-Crassoretitriletes
uanraadshooveni, Quilonipollenites sabnii,
Polypodiaceaesporites in trapu nctis, Ctenolopboni­
dites costatus, Striatriletes susannae,
Cheilanthoidspora mioceneca, Chenopodipollis
miocenica, Malvacearumpollis bakonyensis,
Heliospermopsis bungaricus, Lirasporis intergral1ljer
and Lakiapollis ovatus.

Remarks-This cenozone is characterized by the
predominance of Lakiapollis ovatus 00%).
Malvacearumpollis bakonyensis and Cbenopodipollis
miocenica appeared for the first time whereas
Lygodiumsporites padappakkarensis and
Palmaepollenites keralensis are absent. The relative
increase in Crassoretitriletes and Polypodiaceae­
sporites has been recorded. Ctenolophonidites
costatus is present only in the lower pan of the
cenozone and absent towards the top.

50·'.
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VI

Fauitricolporites
Psilodiporites
Tricolporopollis
Lakiapollis

Fresb-water swamp

Lygodiumsporites
Crassoretitriletes
Laevigatosporites
Polypodiaceaesporites
Polypodiisporites
Striatriletes

Liliacidites
Ctenolopbonidites
Margocolporites

Trisyncolpi tes
Meliapollis
Tnporopollenites
Ornatetradites
Retipilonapites
Clavainaperturites
Cbenopodzpollis

INDEX

[g Low land

D Fresh water

5]--_ Back Mangrove..
mCoastal

Rubiaceae
;>Apocynaceae
Euphorbiaceae
Bombacaceae

and water-edge flora

Schizaeaceae (Lygodium)
Schizaeaceae (Lygodium)
Pol ypod iaceae
Polypod iaceae
Polypodiaceae
Parkeriaceae
( Ceratopteris)
Liliaceae
Ctenolophonaceae
Caesalpiniaceae
( Caesalpinia)
Caesalpiniaceae
Meliaceae
Moraceae
Droseraceae
Potamogetonaceae
Potamogetonaceae
Chenopod iaceae

Back-mangrove floraPALAEOCLIMATE AND ENVIRONMENT
OF DEPOSITION

The bore-hole assemblage is rich and
diversified. These palynofossils can be divided into
different ecological groups such as low-land, fresh­
water swamp and water-edge, back-mangrove and
coastal. The dinoflagellate cysts indicate shallow

Meliapollis
Malvacea ru mpollis

Trilatiporites
Palmaepollenites

Meliaceae
Malvaceae

Coastal flora

Palmae (Sclerosperma)
Palmae
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AGE OF THE SEDIMENTS

The Triangulorites belllls Cenozone ranges from
440.70 to 272.70 m. The genera restricted to this
cenozone are usually found associated with the
Eocene assemblages (Sah & Kar, 1970; Sah & Dutta,
1966; Dutta & Sah, 1970; Kar, 1985; Raha et aI.,
1987). Hence this assemblage has been dated as
Eocene.

On the basis of the presence of spore/pollen of
Sch i zaeaceae, Parkeriaceae, Osm undaceae, Lil iaceae,
Caesalpin iaceae, Mel iaceae, Ctenolophonaceae,
Oleaceae, Rubiaceae and Polygalaceae in the
assemblage it has been inferred that the climate at
the time of deposition was tropical.

The presence of fungal remains (Pbragmotby­
rites, Notothyrites, /vJulticellaesporites, etc.) and the
occurrence of ferns and representatives of tropical
rain forest elements belonging to the families
Ctenolophonaceae, Oleaceae and Moraceae confirm
high degree of rainfall Thus, a humid and tropical
climate with high rainfall has been inferred.

The presence of dinoflagellate cystS has been
observed in the middle part (1')1.70-271.70 m) of
the bore-hole which indicates that the sequence was
depOSited under shallow marine condition. The
dinoflagellate cysts (Opercu/odini/lJn,
Acbomospbaera and Tballasiphora) and the back
mangrove flora suggest the existence of brackish
water mangrove swamps The pollen types
comparable to Potamogetonaceae (Retlpilonapites,
Clauainapertllrites) and Droseraceae (Ornatetra­
dites) are indicatOrs of fresh-water lakes or ponds
dotting the landscape. The prevailing near-shore
conditions have been confirmed by the presence of
palm pollen (Palmidites, Palmaepol/eniles,
Neocoupenpollis and Quilompollenites).

Quilon ipollenites
Longaperti tes
Neocoilperipollis

Palmae (I:'/lgeissonia)
Palmae
Palmae

Polypudiispurites. Margocolporiles and Lakiapollis,
suggests Oligocene age.

The Jlaluacearllmpollis bakonyensis Cenozone
has been found to be distributed at depth levels
ranging frol11 15170-7.70 m. The genera are usually
associated with the Miocene assemblages (Rao &
Ramanujam, 197 8, 1982; Kar & Jain. 1981;
Venkatachala & Ravvat, 1973; Rao et al., 1985; Kar,
1985 ).

:vlali'acearumpol!is is considered important for
suggesting Early Miocene age. This genus occurs as a
dominant element in the Khari Nadi Formation,
Kutch (Kar, (985) and Surma Group, Meghalaya and
,'-\$sam (Rao el a/., 198')) though it is poorly
represented in Kerala Basin. The first appearance of
E-Ieliospermopsis and Lirasporis and the
predominance of Crassoretilrfletes and
Qllilonipol!('nil('s coupled with Striatrileles,
Cbeilantbuid~pura mioceneca and Cbenopodlpollis
miocenica dates this assemblage as Early Miocene.
From the abcwe palvnological data, it is inferred that
the Arthungal bore·hole palynological succession
ranges from Eocene to Early Miocene in age.

CONCLUSIONS

1. The angiospermous pollen are qualitatively
and quantitatively dominant elements of the
Arthungal palynoflora.

2. The palynosequence in Arthungal bore-hole
can be divided into three cenozones. viz.,
Triangulori tes belllls Cenozone. Crassoretitriletes
uanraadshoo/leni Cenozone and Maluacearumpollis
bakonyensis Cenozone.

3. The palynoflora suggests a humid and
tropical climate \\lith plenty of rainfall during the
deposition of these sediments.

4. The elwironment of deposition has been
inferred as brackishwater mangrove swamps.

"i. On the basis of palynological data. the
sequence studied has been assigned Eocene·Early
Miocene age

The Crassoretitrileles uanraadsbooueni
Cenozone encompasses depth levels from 271.70·
151.70 111. Germeraad, Hopping and Muller (1968)
critically studied the occurrence and distribution of
Crassoretitriletes in pantropical areas suggesting that
this form appears for the first time in the Lower
OligoceI]e sediments. In addition, Kar (1979)
reported Trisyncolpiles ramanujamii from the
Oligocene sediments of Kutch and considered it a
age-definitive. The first arpearance of
Crassoretitriletes and Trisyncolpites intermixed with
the dominant elements like Lygodiumsporites,
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