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ABSTRACT

Shanmukhappa M & Uniyal SN 2008. Biostratigraphy and palaeoenvironmental analysis of subsurface Palaeogene
sediments in western part of Ahmedabad Block, North Cambay Basin. The Palaeobotanist 57(3): 465-477.

The western part of Ahmedabad Block is among the thrust areas for hydrocarbon exploration in Cambay Basin.
Palynological studies of the Palaeogene sediments of Ahmedabad Block between Detroj and Wasnalava have been carried
out to evaluate the palynostratigraphy and infer depositional environment to help in basin modelling for exploration of
hydrocarbons. Based on palynofloral association three assemblage zones, viz. Polybrevicolporites cephalus Zone
(Palynozone-I), Proxapertites cursus- Polycolpites flavatus Zone (Palynozone-II) and Palmaepollenites kutchensis Zone
(Palynozone-III) have been identified. These zones are dated Early, Middle and Late Eocene in age. The sediments
corresponding to Olpad Formation (?Palaeocene) exhibited poor palynofloral contents.

The interpretation of depositional environment is based on the absolute pollen frequency and palynofloral
associations. In Cambay and Kadi formations the coastal and back mangrove elements are common with sporadic
occurrence of marine elements, suggestive of near shore environment of deposition. The overlying Kalol Formation has
yielded rich back mangrove floral assemblage along with moderate occurrences of coastal elements and is suggestive of
Littoral conditions. The dominance of marine phytoplankton in Tarapur Formation is indicative of shallow marine
conditions of deposition.

Key-words—Biostratigraphy, Palaeoenvironmental, Palaeogene, Ahmedabad, North Cambay Basin.

vgenkckn [kaM] mÙkjh dSacs nzks.kh ds if'peh Hkkx esa mii`"Bh; iSfy;ksthu volknksa dk tSoLrjØefoKku ,oa
iqjki;kZoj.kh; fo'ys"k.k

,e- 'kUueq[kIik ,oa ,l-,u- mfu;ky

lkjka’k

vgenkckn [kaM dk if'peh Hkkx dSacs nzks.kh esa gkbMªksdkcZu vUos"k.k gsrq fof'k"V {ks=ksa esa ls gSA nsrjkt o olukyok ds chp vgenkckn [kaM ls
izkIr iSfy;ksthu volknksa dk ijkxk.kfod v/;;u gkbMªksdkcZuksa ds vUos"k.k gsrq nzks.kh izfr:i.k esa fu{ksi.kh; i;kZoj.k dh O;k[;k dh enn eas vkSj
ijkxk.kqLrjØefoKku dks ewY;kafdr djus ds fy, iw.kZ fd;k x;k gSA ijkxk.kqiq"ih la?kVu ds vk/kkj ij rhu leqPPk; eaMy vFkkZr&ikWyhczsfodksYiksjkbV~l lsQkyl
eaMy ¼ijkxk.kqeaMy&izFke½] izksDlkiVkZbV~l dlZl&ikWyhdkYikbV~l ¶ysosVl eaMy ¼ijkxk.kqeaMy&n~forh;½ rFkk ikesiksysukbV~l dPNsfUll eaMy ¼ijkxk.kqeaMy&r̀rh;½
vfHkfu/kkZfjr fd, x, gSaA ;s eaMy izkjafHkd] e/; ,oa vafre vkfnuwru vk;q fu/kkZfjr djrs gSaA vkWYisM 'kSylewg ¼\ vkfnuwru½ ds laxr volknksa us vYi
ijkxk.kqiq"ih varoZLrq,a izLrqr dhaA
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fu{ksi.kh; i;kZoj.k dh O;k[;k dh ldkjkRed ijkx vko`r~fr ,oa ijkxk.kqiq"ih la?kVuksa ij vk/kkfjr gSA dSacs vkSj dMh 'kSylewgksa esa leqnzh rRoksa dh
dnkpfud izkfIr lfgr rVh; o i'p eaSxzkso rRo lk/kkj.k gSa fu{ksi.k ds lewg&rV ds utnhd i;kZoj.k ds ladsrd gSaA mifj'kk;h dyksy 'kSylewg ls rVh;
rRo dh e/;e izkfIr;ksa lfgr izpqj i'p eSaxzkso iq"ih leqPp; feyh gS rFkk ;s osykapyh fLFkfr;ksa dh lwpd gSA rkjkiqj 'kSylewg esa leqnzh ikniIyod dh
izHkqRork fu{ksi.k dh xk/k leqnzh fLFkfr;ksa dh n~;ksrd gSA

eq[; 'kCn—tSoLrjØefoKku] iqjki;kZoj.kh;] iSfy;ksthu] vgenkckn] mÙkjh dSacs nzks.khA

INTRODUCTION

THE Cambay Basin (Fig. 1) is located in the western
Indian state of Gujarat. The basin extends from north of

Patan town through the Gulf of Cambay and then south beneath
the Arabian Sea. The Cambay Basin is a graben with a width of
40 to 80 km and a depth of 5 to 7 km. It is a linear NNW-SSE
trending rift, which is about 425 km long. The basin, including
its flanks, covers an approximate area of 53,500 sq km of which
2,500 sq km lies in the Gulf of Cambay. It occupies part of the
west-northwest margin of the Indian shield on the Indo-Ara-
bian platform.

The basin is bounded on the west by the Saurashtra
Peninsula, which is covered almost completely by Deccan Trap
basalts, except in the northeastern corner where Mesozoic
rocks crop out. The basin extends northward and connects
with the shallower Barmer and Kutch basins (Mathur et al.,
1968). On its northeast flank, Aravalli-Delhi (Precambrian) rocks

crop out, just west of which is a thin fringe of Mesozoic
outcrops. These outcrops bound the basin. The Aravalli Series-
together with Deccan Trap outliers - define the eastern margin
of the basin. Outcrops of the Deccan Trap along a line Rajpipla-

Fig. 1—Location Map of studied wells in Ahmedabad Block.
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Fig. 2—Stratigraphy of a well at Detroj–D.
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Navsari-Mumbai determine the southeastern limits of the basin.
The basin extends southwards into the Gulf of Cambay, and
farther offshore into the Mumbai Offshore Basin.

Another significant characteristic of the basin is that the
basin filling was mostly longitudinal by a master river flowing
along the basin with sediments mainly derived from Aravalli-
Delhi highlands; sedimentary facies shows regular gradation
along the basin axis, in sequences ranging in age from Eocene
to Pliocene, from a sand-shale-coal sequence in the north to
siltstone-shale sequence in the southern Cambay Basin to
shale facies and finally carbonate facies in the Mumbai Offshore
Basin. Some transverse basin filling, however, also took place
by rivers originating to the east of the basin, and the Saurashtra
craton to the west. A second source of sediment supply came
into existence along the Narmada River and became an
important source of coarse clastic sediments from Upper
Eocene onwards following the removal of the Deccan Trap
cover and exhumation of the underlying igneous and meta-
morphic rocks along the Narmada River.

The present work is confined to palynological studies of
subsurface Palaeogene sequence of Detroj-D, Viraj-G, Viraj-CI,

South Viraj-A, Lohar-B, Rampura-A and Wasnalava-A.  These
wells are located in the western part of Ahmedabad Block (Fig.
1). The palynological studies have been carried out with an
object to establish the lateral correlation of the sediments in
the western part of Ahmedabad Block.

PALYNOSTRATIGRAPHY

Most of the wells taken up for palynological studies were
terminated in lower Palaeogene sediments except Detroj-D.
This well was drilled down upto 1772 m and terminated in the
basement. The pre-Tertiary sequence (Viramgam Formation)
encountered between 1545-1720 m is composed of
terregenous, quartzitic and coarse- to medium-grained
sandstone. Few palynofossils, viz. Callialasporites
trilobatus. Araucariacites sp., Classopollis sp.,
Staplinisporites sp., and Gleicheniidites  sp. are recorded
between 1545-1600 m. These taxa have been reported from
Jurassic to Cretaceous sediments from other basins.
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Fig. 3—Stratigraphy of a well at Viraj - CI.
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Fig. 4—Stratigraphy of a well at Viraj - G.
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The wells terminated in the Olpad Formation are
Rampura-A, (1995 m T.D), and Wasnalava-A (1600 m T.D.),
whereas wells  Viraj-G (2100 m T.D.), Viraj-CI (2200 m T.D.),
South Viraj-A (2200 m T.D.), and Lohar-B (1650 m T.D.) are
terminated in the Cambay Shale Formation.

The Palaeogene subsurface sequences represented by
Olpad, Cambay Shale, Kadi, Kalol and Tarapur formations are
poor to richly fossiliferous. Based on palynological studies,
three palynozones have been identified in the studied wells.
The zonation is based on the concept of oppel zone
(Assemblage zone characterized in term of range of numerous
fossils) defined by Hedberg (1976). The upper and lower limit
of oppel zone is delineated by the first down hole occurrence
of certain characteristic taxa. The age of each zone is based on
Thanikaimoni et al. (1984), Shanmukhappa (1990),

Shanmukhappa and Koshal (1991) and Mehrotra et al. (2005).
The palaeoecology is interpreted by grouping the different
plant communities as per their habitats (Venkatachala, 1977;
Rawat et al., 1977; Koshal, 1988; Mathur & Chaudhary, 1976).
The well Wasnalava-A has been considered a standard for
zonation as all the Palaeogene sequences are encountered in
this well. (Figs 2-17).

PALYNOZONE—I

The first downhole appearance of Pellicieroipollis
langenheimii marks the upper limit of this zone. This zone is
characterized by the common occurrence of taxa Proxapertites
operculatus, Couperipollis kutchensis, Longapertites spp.,
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Fig. 5—Stratigraphy of a well at South Viraj - A.
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Fig. 6—Stratigraphy of a well at Lohar - B.
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and Arecipites spp., The dominance of these taxa in microfloral
assemblage is recorded in all the wells.

The other characterstic taxa are Margocolporites
tsukadai, Dicolpopollis spp., Rhoipites sp., Psilatricolporites
spp., Retitricolporites sp., Meliapollis sp., Polycolpites
flavatus, P. granulatus, Umbelliferoipollenites ovatus,
Lakiapollis ovatus, Stephanocolpites spp., Myricipites sp.,

Symplocoipollenites sp., Iugopoills tetraporites,
Marginipollis kutchensis, Cupanieidites sp.,  Dracaenoipollis
circularis, Polybrevicolporites cephalus, Pseudonotho-
fagidites kutchensis, Striacolporites ovatus,
Polypodiisporites spp., Laevigatosporites spp.,
Lygodiumsporites spp., Cleistophaeridium spp.,
Polysphaeridium sp.,  Polysphaeridium sp., Spiniferites sp.
and fungal spores.

The upper limit of this zone is marked at 1380 m, 1420 m
and 1180 m in Viraj-G,  South Viraj-A and Wasnalava-A,
respectively. The top of this zone is not traceable in Viraj-CI,
Lohar-B and Rampura-A.

The Palynozone-I of wells Viraj-G, South Viraj-A and
Wasnalava-A corresponds to Cambay Shale Formation. The
equivalent sequence of Cambay Shale Formation in Viraj-CI,
Lohar-B and Rampura-A could not be zoned due to lack of
diagnostic taxon Pellicieroipollis langenheimii, otherwise
characterized by similar general floral assemblage as recorded
in Palynozone-I of wells Viraj-G, South Viraj-A and Wasnalava-
A. As such these sediments between 1400-1600 m, 1440-1650
m and 1220-1500 m in Viraj-CI Lohar-B and Rampura-A are
included in this zone for interpretation of palaeoecology and
depositional environment.

Age—Based on stratigraphic range of taxon
Pellicieroipollis langenheimii (Thanikaimoni et al., 1984)
Palynozone-I is assigned Lower Eocene age. The taxa
Polybrevicolporites  cephalus (Lower Eocene) and
Striacolporites ovatus (Palaeocene to Lower Eocene) are also
recorded in this zone. This zone covers the sediments between
1380-2085 m, 1420-1780 m and 1180-1400 m in Viraj-G, South
Viraj-A and Wasnalava-A, respectively.

Palaeoecology—Microfloral assemblage recorded in
Palynozone-I shows combination of taxa from different
habitats. For palaeoecological interpretation of the strata, the
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plant communities are grouped according to their habitats into
marine, mangrove, coastal, inland and pteridophytic plant
complexes.

The taxa Cleistosphaeridium spp. (Dinophyceae),
Polysphaeridium spp.,    (Dinophyceae) and Spiniferites  sp.
(Dinophyceae) are the representative of marine complex. These
taxa are recorded only at the top of this zone in Viraj-G and CI
and otherwise rare throughout this zone in all the wells.

The mangrove complex is represented by tidal and back-
mangrove elements in the floral assemblage. The taxa
Iugopollis tetraporites (Sonneratiaceae) and Marginipollis
kutchensis (Lecythidaceae) represents tidal complex in the
floral assemblage. These tidal elements are rare in the floral

assemblage. The taxa related to back mangrove complex shows
dominance throughout the zone in all the wells. The
representatives of back mangrove complex are referred to taxa
Proxapertites operculatus (Palmae). Couperipollis kutchensis
(Palmae)  Proxapertites cursus (Palmae) and Arecipites spp.,
(Palmae). These taxa show common occurrence in this zone.

The coastal complex restricted to sandy beaches are
represented by taxa Palmaepollenites spp. (Palmae),
Longapertites spp., (Palmae) and Drecaenoipollis circularis
(Palmae), are rare to common in this zone. These elements are
common in this zone in Viraj-G and Viraj-CI.

The inland complex (fresh water) referred to taxa
Margocolporites tsukadii (Caesalpiniaceae), Psilatri-
colporites spp. (Caesalpiniaceae), Stephanocolpites sp.
(Labiatae), Polycolpites flavatus (Labiatae), P. granulatus
(Labiatae) Lakiapollis ovatus (Bambacaceae), Tricolpites spp.
(Cruciferae), Symplocoipollenites  sp. (Symplocaceae)
Myricipites sp. (Myricaceae), Cupanieidites sp.
(Sapindaceae),  Pseudonothofagidites kutchensis (Fagaceae),
Meliapollis sp. (Meliaceae), Polygalacidites clarus
(Polygalaceae), Polybrevicolporites cephalus and
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Striacolporites ovatus (Caesalpiniaceae) are sparsely
distributed in this zone.

The pteridophytic complex (fresh water) is represented
by taxa Polypodiisporites spp. (Polypodiaceae),
Laevigatosporites spp. (Polypodiaceae), and Lygodium-
sporites spp.  (Schizaeaceae) are rarely recorded in this zone.

The common occurrence of fungal spores and
microthyraceous discs are also noticed in this zone. The fresh
water algae Pediastrum spp., are also recorded at certain
interval in Viraj-CI.

The analysis of different plant complexes indicates that
main vegetation which contributed the flora grew in the
proximity of shore line in tropical climate. Some of the
vegetation also grew further inland in fresh water swamps and
lowland areas on flat topography in tropical climate.

The rare presence of phytoplankton and tidal elements,
the dominance of back mangrove, decrease in sandy beach,
fern and inland complexes, common occurrence of fungal
spores suggests that the sediments were deposited in near
shore conditions. There was a little marine influence during
the time of deposition of the sediments of the upper part of
this zone in Viraj-G and CI.

From palaeoecological evidence it is deduced that the
Cambay Shale was deposited in near shore conditions in Viraj-
G, Viraj-CI, South Viraj-A, Lohar-B, Rampura-A and Wasnalava-
A.
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PALYNOZONE – II

The first down hole appearance of taxon Proxapertites
cursus marks the top of this zone. The associated dominant
taxa are Proxapertites cursus, Palmaepollenites kutchensis,
Dracaenoipollis circularis, Couperipollis kutchensis,
Longapertites spp., Arecipites spp., Proxapertites
operculatus along with pteridophytic spores
Polypodiisporites spp., Laevigatosporites spp., and
Lygodiumsporites spp. The associated rare to common
occurrence of  Marginipollis kutchensis, Iugopollis
tetraporites, Rhoipites sp., Psilodiporites hammenii,
Stephanocolpites spp., Polycolpites flavatus,
Umblliferoipollenites ovatus, Margocolporites tsukadai,
Psilatricolporites spp.,  Retitricolporites  spp.,    Dicolpopollis
spp., Verrutricolporites sp., Circulisporites sp.,
Retistephanocolpites sp., Tricolpites sp., Myricipites sp.,
Pseudonothofagidites kutchensis, Cupanieidites sp.,
Myricaceoipollenites sp., Proteacidites sp., Cyathidites spp.,
Lycopodiumsporites sp., Cleistopshaeridium spp.,
Polysphaeridium spp.,  Spiniferites sp. and Homotrydlium
sp. has also been recorded.

Fig. 14—Chart showing microfloral ecoassemblage and palaeo-
environment in  a well  at Rampura - A.

The top of this zone is marked at 710 m and 1040 m in
Detroj-D and Wasnalava-A, respectively. In other wells, viz.
Viraj-G, Viraj-CI, South Viraj-A, Lohar-B and Rampura-A, the
samples were not available for study from the top of
Palaeogene section. However, the studied sequence between
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Fig. 13—Chart showing microfloral ecoassemblage and palaeo-
environment in a well at Lohar - B.
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1200-1380 m, 1300-1400 m, 1300-1420 m and 1260- 1460 m  in
Viraj-G, Viraj-CI, South Viraj-A and Lohar-B falls within this
zone. The palynozone II corresponds to Kalol and lower part
of Tarapur formations in Detroj-D and Wasnalava-A.

Age—The stratigraphic range of Proxapertites cursus
in Palaeocene-Middle Eocene (Thanikaimoni et. al, 1984;
Mathur & Chaudhary, 1976; Mathur, 1986). The taxon
Polycolpites flavatus (Lower to Middle Eocene) also recorded
in this zone. The underlying zone-I has already been assigned
Lower Eocene age. Thus, on the basis of first down hole
appearance of Proxapertites cursus, the palynozone-II is
assigned Middle Eocene age. The upper and lower limit of this
zone is marked in Detroj-D and Wasnalava-A only. Thus, the
strata between 710-720 m in Detroj-D and 1040-1180 m in
Wasnalava-A are assigned Middle Eocene age. The top of the
zone-II corresponds to Middle Eocene  age which could not
be marked in wells Viraj-A, CI, South Viraj-A and Lohar-B due
to non-availability of samples.

Palaeoecology—This zone is richly fossiliferous. The
palaeoecological interpretation of sediments is based on
microfloral ecoassemblages recorded in this zone. The
microfloral assemblage is composed of marine, mangrove,
coastal, inland and pteridophytic elements. The marine complex
in the microflora is represented by taxa Cleistosphaeridium

spp.,  Polysphaeridium spp.,   Spiniferites sp. and
Homotryblium sp.

The mangrove (tidal complex) is represented by taxa
Iugopollis tetraporites (Sonneratiaceae) and Marginipollis
kutchensis (Lecythidaceae) are very rare in the microfloral
assemblage of this zone in all the wells. The back mangrove
elements are referred to taxa Proxapertites cursus, P.
operculatus, Couperipollis kutchensis and Arecipites spp.,
These taxa show affinity with palms of low salinity. The
representatives of back mangrove complex are most common
in all the wells except Detroj-D where they are rare.

The coastal (sandy beach) association of plants are
represented by taxa Palmaepollenites spp., Drecaenoipollis
circularis and Longapertites spp., are most common in Viraj-
G, Viraj-CI and South Viraj-A. These elements are also common
in Wasnalava-A and rare in Detroj-D.

The inland complex are common in this zone. They are
referred to taxa Margocolporites tsukadai (Caesalpiniaceae),
Psilatricolporites spp.    (Caesalpiniaceae), Ratitricolporites
spp.  (Rubiaceae), Rhoipites sp. (Anacardiaceae), Polycolpites
flavatus (Labiatae), Umbelliferoipollenites ovatus
(Umbelliferae), Retistephanocolpites sp. (Labiatae),
Stephanocolpites spp. (Labiatae), Verrutricolporites sp.
(Verbenaceae), Tricolpites spp. (Caesalpiniaceae), T.
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reticulatus (Cruciferae), Cupaniedites sp., (Sapindaceae),
Dicolpopollis spp. (Palmae), Myricipites sp. (Myricaceae),
Myricaceoipollenites sp. (Myricaceae), Proteacidites sp.
(Proteaceae) and Pseudonothofagidites kutchensis
(Fagaceae).

The fern complex is referred to taxa Polypodiisporites
spp. (Polypodiaceae), Laevigatosporites spp. (Polypodiaceae),
Lygodiumsporites spp. (Schizaeaceae), Cyathidites sp.
(Cyathaceae), Polypodiaceoisporites sp. (Polypodiaceae) and
Lycopodiumsporites sp. (Lycopodiaceae).

The fungal spores are common in the microfloral
assemblage. The microfloral assemblage recorded in this zone
suggests that the main vegetation grew in the vicinity of shore
in tropical climate. The fern and inland complex indicate that
the part of the vegetation also grew in fresh water swamps
and lowland on flat topography in tropical climate near the
area of deposition.

The dominance of palm, fern and back mangrove
complexes and presence of fungal elements indicate that the
sediments were deposited in near shore deltaic conditions.
The marine influence has been marked in Lohar-B, South Viraj-
A and Viraj-G and less pronounced in Viraj-CI, Wasnalava-A
and Detroj-D during deposition of sediments.

From the above studies it is deduced that the sediments
of Kalol and lower part of Tarapur formations were deposited
in near shore environment under marginal marine influence.
This marginal marine influence was not  noticed in Detroj area
during the deposition of lower part of Tarapur and  Kalol
formations.

PALYNOZONE – III

The first downhole occurrence of taxon
Palmaepollenites kutchensis marks the upper limit of this zone.
This zone is defined by the common occurrence of
Palmaepollenites kutchensis along with Dracaenoipollis
circularis, Arecipites spp., Couperipollis kutchensis,
Polypodiisporites spp., Laevigatosporites spp.,
Lygodiumsporites spp.,    Longapertites sp., Dicolpopollis
sp., Proxapertites operculatus, Margocolporites tsukadai,
Rhoipites sp., Psilatricolporites spp., Tricolpites spp.,
Stephanocolpites sp., Myricipites sp., Psilodiporites sp.,
Circulisporites sp. and Oudhkusmites sp. the fungal spores
are very rare in this zone. Marine elements are represented by
Cleistosphaeridium spp., Homotryblium spp.,    Polysphaeri-
dium spp., Turbiosphaera spp., Spiniferites spp. and
Microforaminifera.

The upper limit of this zone is marked at 690 m in Detroj-
D and 980 m in Wasnalava-A. In other wells, viz. Viraj-G, Viraj-
CI, South Viraj-G, Lohar-B and Rampura-A, the top of this zone
could not be marked due to non-availability of the samples.
The zone-III corresponds to Tarapur Shale between 690-710 m
in Detroj-D and 980-1040 m in Wasnalava-A.

Age—The stratigraphic range of Palmaepollenites
kutchensis is Palaeocene to Upper Eocene (Thaniikaimoni et
al., 1984). Other taxa Psilodiporites sp. and Margocolporites
tsukadai known to occur from Palaeocene to Upper Eocene,
have also been recorded in this zone. On the basis of range of
above taxa and the stratigraphic position the Palynozone-III
is dated Upper Eocene in age.

Palaeoecology—Microfloral assemblage of palynozone-
III is comprised  of fern, inland, coastal, mangrove and marine
complexes. The marine complexes are related to taxa
Cleistosphaeridium spp., Polysphaeridium spp.,
Homotryblium spp. and Turbiosphaera spp. The
microforaminiferal tests are also recorded in this zone. The
marine floral complex shows dominant occurrence in this zone.
The mangrove tidal complex is rare in this zone. The presence
of back mangrove complex is shown by taxa Proxapertites
operculatus, Couperipollis kutchensis and Arecipites spp.
and are frequently noticed in this zone.

The coastal sandy beach complex is common and
represented by the Palmaepollenites spp., Dicolpopollis spp.,
and Longapertites sp. The inland complex is in the floral
assemblage is represented by taxa Margocolporites tsukadai,
Rhoipites sp., Psilatricolporites spp., Tricolpites spp.,
Stephanocolpites sp., Myricipites sp., Psilodiporites sp.,
Circulisporites spp., and Oudhkusmites sp. The fern complex
is represented by Polypodiisporties spp.,  Laevigatosporites
spp.,  Lygodiumsporites spp.   and Cyathidites sp.

The dominant occurrence of marine complex alongwith
microforaminifera indicates that the sediments of Tarapur Shale
were laid down under shallow marine condition.

CORRELATION

Palynological studies carried out in Palaeogene
subsurface sequence have led to identify three correlatable
levels in the western part of Ahmedabad Block (Fig. 16). The
first level marked by the first occurrence of taxon
Pellicieroipollis langenheimii, corresponding to top of Lower
Eocene has been traced at 1300 m, 1420 m and 1180 m, in wells
Viraj-G, South Viraj-A and Wasnalava-A, respectively. The
second level has been demarcated by first appearance of
Proxapertites cursus which corresponds to upper limit of
Middle Eocene and falls at 710 m in Detroj-D and 1040 m in
Wasnalava-A. The third successive level has been identified
by first occurrence of Palmaepollenites kutchensis. This level
corresponds to top of Upper Eocene and marked at 690 m and
980 m in Detroj-D and Wasnalava-A.

SUMMARY

Three palynoassemblage zones—Polybrevicolporites
cephalus (zone-I), Proxapertites cursus-Polycolpites flavatus
(zone-II), Palmaepollenites kutchensis (zone-III) are assigned
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Lower Eocene (at places inconclusive), Middle and Upper
Eocene age, respectively. The common occurrence of back
mangrove and coastal elements alongwith sporadic
occurrences of phytoplankton in Cambay Shale and Kadi
formations indicating nearshore conditions of deposition. The
dominance of back mangrove alongwith moderate occurrence
of coastal, swampy, inland elements and with fair presence of
phytoplankton in Kalol Formation suggest littoral environment
of deposition. An increase in overall percentage of marine
phytoplankton in Tarapur shale inferred shallow marine
environment of deposition.
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