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Mangrove associated lignite beds of
Malvan, Konkan: Evidence for higher
sea-level during the Late Tertiary
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Fossil pneumatophores (breathing roots) of Avicennia
are recovered and reported from the lignite beds ex-
posed in Kolamb well-section near Malvan, Konkan
area of western Maharashtra. The accrued palynoflora
is dominated by mangroves (Avicennia, Aegialitis, Ex-
coecaria, Rhizophora and Sonneratia). The spores of
mangrove fern (Acrostichum aureum) an estuarine
fungus Cirrenalia indicate that these lignites are autoch-
thonous and deposited in a near-shore environment.
Presence of foraminiferal linings (= microforami-
nifera), dinoflagellate cysts, a few calcareous nanno-
fossils and scolecodonts is an irrefutable proof of marine
and brackish water influence during the deposition of
lignites under intertidal/tidal swampy condition (man-
grove influenced) with fair input from freshwater
swamps and hinterland. Freshwater-related forms,
viz. Ceratopteris thalictroides, Nymphaeaceae, Ctenolo-
phonaceae and hinterland taxa (Cullenia/Durio) of
Bombacaceae along with abundance of microthyri-
aceous fungi in the palynoflora imply a warm humid
tropical climate with high precipitation during the
depositional period. The presence of Ctenolophon engle-
rianus (= Ctenolophonidites costatus) in Kolamb lig-
nites suggests the Late Neogene (Late Miocene-Early
Pliocene) age. The occurrence of pneumatophores and
associated lignite deposits ~37 m above the present
mean sea-level, and much inland, clearly indicates the
higher sea-level strand during Late Neogene along the
west coast of India.

THE Konkan or coastal tract of Maharashtra and Goa is
one of the major geographic divisions of western India.
The geomorphology of Konkan is characterized by a
coastal plain of variable altitude and width, backed by the
escarpment of the Western Ghats on the east and the Ara-
bian Sea with or without a cliff on the west. It stretches bet-
ween lat 14°49” and 20°05'N covering a distance of about
720 km, with an average width of 60 km'. The pneumato-
phore-bearing lignites excavated from a well in Kolamb
(73°2878”"E and 16°05°67"N) located near the Ozar—
Kandalgaon phata along Malvan—Achra Road (Figure 1),
is the subject matter of the present communication.

Konkan, for a greater part, is developed on a basement
of basalt flows of the Deccan Volcanic province. The
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Figure 1.

overlying Tertiary formations comprise laterites and sub-
marine fossiliferous sediments, while the Quaternary
formations include soils, alluvia, laterite and littoral de-
posits. The laterites are underlain by clays, sandstones
and lignites, and carbonaceous/grey-bluish clays occur
sporadically along the Konkan coast. Some of these depos-
its, particularly the carbonaceous clays and lignites are
highly fossiliferous and yield both micro and mega fossils
of different ecological complexes ranging from terrestrial
to aquatic environments. Of these, fossils attributed to
mangrove are important and significant as they are reli-
able indicators of ancient sea-level’. Although there are
many reports of fossils referable to mangroves known
from various lignite deposits of Konkan® ™, in situ pheu-
matophore-associated lignite is not known in the literature
and as such the present communication is of considerable
palaeobotanical interest in general and fossil mangrove in
particular.
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a, Location map of the Kolamb well near Malvan; b, its lithological details.

During a recent field trip to Malvan, the authors had come
across a huge pile of lignite, carbonaceous clays and grey
clays excavated from a well in Kolamb (73°28'78"E and
16°05°67"N) located near the Ozar—Kandalgaon phata
along Malvan—Achra Road. In fact, deposits of such car-
bonaceous and grey clays are known from a large number
of wells along the Konkan coast’ ever since Wilkinson®
reported about them from Ratnagiri. The location of the well
and details of the well-section from where the pneumato-
phores are being recorded are given in Figure la and b.
Although the stratigraphical, palaeoecological and sedi-
mentological information of these deposits is little known,
the distinct lithological units of the well-section match well
with the generalized lithology of the Sindhudurg Forma-
tion’. In Kolamb well-section, however, the lignite/carbo-
naceous clays/grey-bluish clays occur at relatively deeper
levels and at other places even up to 18 m deep, as revealed
by villagers on the basis of bore-holes drilled for water re-
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Figure 2.
lignite. ¢, Comparison of fossil and modern analogue of pneumatophore of Avicennia.

Table 1. Lithosection of Kolamb well, Malvan
Lithology Thickness (m)
Laterite 6.60
Ironstone 0.30
Bluish-grey clay 1.80
Lignite/carbonaceous clay 0.40
Lignite 2.50
Grey clay 0.80

Lignite/carbonaceous/grey clay Continues till approx.
at 18 m depth
Unconformity

Basalt (Deccan Traps) -

sources. In some places towards the coast, the lignite/grey
clay/carbonaceous clay sequences rest on the Deccan
Traps at 18-20m depth (Pendulkar’s well, Devulwadi,
Achra — 73°27793 E and 16°13"19”N), whereas the reverse
trend was observed towards inland regions in some of the
wells drilled in Kolamb and Kandalgaon villages.

The material used in the present study is in the form of
pneumatophores associated with lignites. These fossil
pneumatophores occur in situ, as if they were found in the
modern mangrove swamps. The specimens (Figure 25, ¢)
have been curated and deposited in the collection of Ge-
ology and Paleontology Group, Agharkar Research Insti-
tute, Pune for future reference. The generalized lithology
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a, Pneumatophores of Avicennia presently growing at Kolamb creek. b, In situ pneumatophore-bearing

of Kolamb well-section is shown in Table 1, taking also
into account the details of an adjacent well (16°05"73"N
and 73°28’81”E) of I. G. Jadhav. Similar lignite deposits
have also been reported much inland of the Konkan area
at altitudes 43—50 m® and also at 168 m above the present
sea-level’. These lignite deposits were considered as a
northward extension of the Miocene Warkalli Formation
of Kerala. While discussing the geomorphological aspects
and neotectonic activity in coastal Maharashtra, however,
the Pliocene age has also been suggested for these beds'®".

The megafossils recovered from the lignites are pneu-
matophores, the breathing roots of mangroves, specially
adapted to swamp environment and a few mummified
leaves. Most of the fossil leaves are damaged during ex-
cavation and only three could be eventually retrieved.
The overall size of lamina, leaf base, apical part and ve-
nation pattern match well with that of extant Avicennia
type. However, the pneumatophores are intact with the
lignites (Figure 2¢) and appear as if they were found in
sit in the modern mangrove swamps dominated by
Avicennia community (Figure 2a). Further, these pneu-
matophores are oriented perpendicular to lignite beds
(Figure 2b) and as such indicate another evidence of
their in situ nature. The size of the fossil pneumatophores
varies from 2.67 to 7.5 cm (average: 4.75 cm), while that of
a recent Avicennia pneumatophore reaches up to 30 cm
height. The diameter of the fossil specimens ranges from
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Figure 3.

a, b, d, Pollen of Avicennia; ¢, f, Warkallipollenites erdtmanii (= Aegialitis rorundifolia); e, Sonneratia apetala;

g, Excoecaria agallocha; h, group of Rhizophoraceae pollen; i, spore of Acrostichum aureum; j, pollen of Bombacaeacae
[Lakiapollis (Durio/Cullenia)l; k, pollen of Nymphaea; 1, Ctenolophonidites costatus (Ctenolophon englerianus); m—p, conidia
of Cirrenalia tropicalis, C. pseudomacrocephala, C. pygmea and C. macrocephala; q, Scolecodont; r, leaf cuticle of Rhizophora,

s, microthyriaceous fruiting body.

0.35 to 095cm (average: 0.56 cm), while that of recent
one measures up to 1.00 cm. Since the fossils have been
retrieved from the broken blocks of lignite, the actual
length of the specimen is difficult to be ascertained. How-
ever, the overall morphological features and size are
comparable to the pneumatophores of extant Avicennia
(Figure 2c¢). The pneumatophores of modern Avicennia
are pencil-like erect structures that tend to taper to bluntly

338

pointed tips and have a corky texture, while those of Son-
neratia have characteristic flaky bark in younger roots
and the older ones are robust and stout. The other associ-
ated mangrove species, viz. Bruguiera and Ceriops have
distinct knobby aerial roots forming ‘knees’-type growthlz.
The pneumatophore-bearing lignites have yielded a
fairly rich palynoflora consisting of a diverse ecological
complex, but the mangroves are well represented and

CURRENT SCIENCE, VOL. 86, NO. 2, 25 JANUARY 2004
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dominating. The palynological assemblage is dominated
by pollen of Avicennia, Aegialitis and Rhizophoraceae
followed by that of Sonneratia and Excoecaria (Figure
3a-h). Nevertheless, spores of Acrostichum aureum
(mangrove fern) (Figure 3 i) and estuarine fungus Cirrena-
lia are also equally well-represented. In fact, all the four
species of Cirrenalia, (viz. C. macrocephala, C. pseudo-
macrocephala, C. pygmea and C. tropicalis) known from
the mangrove swamps of the tlropics13 are present in this
palynological assemblage (Figure 3m-p). C. tropicalis
has yet to be recorded from the modern mangrove swamps
of India.

Other mangrove fungi associated with the palynoflora
of Kolamb lignite are Cladosporium sp., Didmyospheria
sp.. Trichocladium achrasporum, Monodictys pelagicus,
Periconia prolifica and Zalerion varium. Incidentally, Pa-
laeocirrenalia is the only fossil mangrove fungus so far
known from the Tertiary lignites of India”'*'>. Besides,
dinoflagellate cysts, foraminiferal linings, scolecodonts
(Figure 3 g) and a few calcareous marine nannofossils have
also been recognized in the palynological preparations. A
variety of leaf cuticles were observed in the assemblage.
Many of them show good resemblance with modern
leaves of Rhizophora (Figure 3r). Their abundance also
compliments the palynoflora contributed by the man-
grove swamp vegetation. The diversity of mangrove pol-
len and marine fungi and their relevance to palaeoclimate
and palaeobiogeography will be dealt with elsewhere.

Although the palynoflora is dominated by the man-
grove taxa and their associates, freshwater aquatics, fresh-
water edge and hinterland elements flora are also fairly
represented in the palynological assemblage. The spores
of freshwater marsh fern, Ceratopteris thalictroides, pol-
len of Potamogetonaceae and Nymphaeaceae (Figure 3 k)
are a few of such kinds of plants represented in the lignite
assemblage. The pollen of Ctenolophonaceae (Ctenolo-
phon englerianus) and Bombacaceae (Durio/Cullenia) are
other important constituents of the palynoflora (Figure 3,
D). They constitute significant environment markers and also
have palaeobiogeographic implications as these taxa have
a disjunct distribution at present. Both Ctenolophon and
Durio require excessive humid conditions, with annual
rainfall over 3500 mm. Though the fossil pollen of these
taxa are known from various Tertiary deposits, they are
extinct in the modern floristic complexes of India and are
endemic to West Africa and Southeast Asia. Their cons-
picuous absence in the Indian subcontinent is attributed
to climatic shift as a result of northward drift of the In-
dian plate from its equatorial position in the Miocene,
and the decline in rainfall. Such climatic shift is more
pronounced from Karwar to further north and relatively
less towards south (Kerala coast) where wet evergreen
forests are still surviving, probably due to unchanged
tropical climate right from the Neogene peri0d16.

The other important constituents of the palynological
assemblage of Kolamb lignite are microthyriaceous fun-
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gal fruiting bodies (Figure 3 5). At least five morphological
types of such forms have been recognized. It is beyond
the scope of the present communication to consider them
in detail. Nevertheless, their importance in palaeoecologi-
cal context is relevant to the lignite deposit. Though these
fungal fruiting bodies are of epiphyllous origin, their as-
sociation with mangroves is yet to be known despite the
fact that cuticles of Rhizophoracae are well represented
in the palynological assemblage. It is likely that terres-
trial contribution to the site of deposition would have
been considerably fair, which might account for the pres-
ence of microthyriaceous fungi.

On the whole, the youngest pneumatophore bearing lig-
nite bed of Kolamb is dominated by the pollen of impor-
tant mangrove taxa and about seven species of a dozen
known hyphomycetes of the marine habitat. In fact, the
palaeopalynological data certainly suggest that these lignites
are autochthonous and deposited under inter-tidal/tidal
swampy conditions (mangrove-influenced) with a fair in-
put from the freshwater swamps and evergreen taxa of
hinterland. The abundance of particulate organic matter
(palynodebris) derived from mangrove/coastal/terrestrial
habitats along with epiphyllous fungal fructifications col-
lectively account for a warm, humid tropical climate with
heavy rainfall.

Megafossil evidence from the contemporaneous lig-
nites of other localities along the Konkan coast also com-
pliment the above observations'”. Such climatic conditions
and heavy rainfall must have enabled the terrestrial ele-
ments to get themselves transported through the streams
and rivers draining in the mangrove swamps. In this re-
gard a gross analogy of ancient mangrove swamps, leav-
ing aside specific details, can be made with the modern
estuaries/creeks existing all along the western coast of
India. These observations amount to the fact that the lig-
nite beds were deposited in the mangrove-influenced enviro-
nment despite the fact that they now occur at a considerably
higher altitude (47 m) above the present mean sea-level,
and much inland from the present coast. Accordingly,
their occurrence with respect to the present coast reflects
the relationship between the land and the sea of the past
(ancient sea-level and palaeostrandline). Thus, the pneu-
matophore-associated lignites serve as an evidence for a
higher sea-level strand along the west coast of India during
Late Neogene (Mio-Pliocene), which is in agreement
with that of the global scenario' !,
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