2\ Journal of The Palaeontological Society of India
] Vol. 48, 2003, pp. 89-97

ISSN 0552-9630

CORALLINE ALGAE FROM THE NINNIYUR FORMATION, CAUVERY
BASIN, SOUTH INDIA

P. K. MISRA*, S. KISHORE*, A. K. JAUHRI** and S. K. SINGH*
* DEPARTMENT OF BOTANY AND **DEPARTMENT OF GEOLOGY, UNIVERSITY OF LUCKNOW, LUCKNOW. 226007, INDIA

ABSTRACT

Coralline red algae occur abundantly in the Ninniyur Formation of Palaecocene age (Misra et al., 2001). Seven species of the coralline
algae belonging to three genera are described in this paper. The assemblage includes two species of Sporolithon, two species of Lithothamnion,
one species of Hydrolithon and two indeterminate taxa of Melobesioideae. Sporolithon sp.1 Bassi, 1998, Sporolithon glangeaudii Lemoine,
1939, Lithothamnion sp.1 Bassi, 1998, Hydrolithon sp. Bassi, 1995 are recorded for the first time from the Indian subcontinent. The genus
Hydrolithon (Foslie) Foslie is being identified in the study area for the first time.
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INTRODUCTION

The present paper presents stratigraphic and
taxonomic account of seven taxa of the coralline
algae in the Ninniyur Formation of the Cauvery
Basin.These taxa are in addition to 32 taxa of red
algae previously recorded by Misra, Jauhri,
Chowdhury and Kishore (2001) from this formation.
Following the taxonomic observations of Braga,
Bosence and Steneck (1993), Braga and Aguirre
(1995), Aguirre and Braga (1998), Aguirre, Braga
and Piller (1996), Rasser and Piller (1999) Bassi
(19954, b, 1997, 1998), Basso, Fravega and Vanucci
(1997), Basso, Fravega, Piazza and Vanucci (1998),
they presented a detailed account the recovered taxa
and attempted to discuss the depositional environment
based on the ecological data on red algae and
associated fossils, and the available information on
geological aspects of the study area.

The coralline taxa studied in this paper were
recovered from the samples collected from the
outcrops of the Lower unit (Adanakkuruichi
Limestone) and the Middle unit (Subcrystalline Shelly
Limestone) exposed in the area, between
Adanakkuruichi (11° 21’N: 79° 0 15’E) in the
north and Sendurai (11° 15’N: 79° 0 10'E) in the
south, in the Ariyalur-Pondicherry depression of the
Cauvery Basin (fig. 1). These outcrops have been
grouped as the Ninniyur Formation which represents
the Palaeocene epoch for the geological map of the
area (Misra, Jauhri, Kishore and Chawdhury, 2000,
Misra et al. 2001).

The succession of the Ninniyur Formation

includes some fossiliferous horizons which have
yielded prolific assemblages of calcareous algae,
macroinvertebrates and some datable microfossils
(e.g. foraminifera studied by Malarkodi and Nagaraja,
1997, 1998). Previous works on the calcareous algae
of the Ninniyur Formation include Rao and Pia
(1936), Rao and Gowda (1953, 1954), Chiplonkar
(1944), Gowda (1953), Verma (1952, 1954), Pal
(1972) besides Misra et al. (2000, 2001) and Kishore
(2001).

GEOLOGY AND STRATIGRAPHY OF THE
AREA

The detailed account of geology of the study
area has been presented in recent years by Kumar
(1983) and Govindan, Yadagiri, Ravindran and
Kalyansunder (1998) and summarised by Misra et
al. (2001). In the Ariyalur-Pondicherry sub-basin of
the Cauvery Basin, the Late Cretaceous was
followed by deposition of the shallow, neritic deposits
during the lower Tertiary (Palaeocene). Extensive
carbonate platform deposits, referred to as the
Ninniyur Formation, accumulated because of
reduction of supply of clastic material due to
peneplanation of the source area as well as reduced
rates of subsidence. However, fine clastics were
deposited alongside the carbonates due to fluctuating
conditions of local tectonics (Kumar, 1983). The
Ninniyur Formation is divisible into three distinct units:
lower fossiliferous limestone; middle subcrystalline
shelly limestone; and the upper argillaceous gritty
nodular limestone. The detailed account of the
studied sections and lithological characters of these
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Fig. 1. Location and geological map of the area of study. A. Portion of the Cauvery Basin in India (inset) indicated by a rectangle. B. The
general geological map of the Cauvery Basin showing distribution of the studied succession in the Ariyalur-Pondicherry Sub-basin. C. The
geological map of the Tiruchirapalli area showing the sampled localities where the outcrops of the Ninniyur Formation are well exposed

(Modified after Misra et al. (2000).

units has been described by Misra et al. (2000,
2001).

Lithologically, the lowermost unit is made up
mainly of fossiliferous offwhite to yellowish limestone
interbedded with marl and clay. This unit is
characterised by rich megainvertebrates and miliolid
assemblages in association with few elements of
planktic foraminifera (Malarkodi and Nagraja, 1997).
The middle unit is dominantly a hard, compact, often
recrystallised limestone with several horizons of marl
and clay. Though characterised by less diverse
megainvertebrate fauna, of which a nautiloid
Hercoglossa danica (Schlotheim) and a lucinoid
bivalve are very common, its algal association is rich
and diversified. The upper unit is an argillaceous, fine
to gritty nodular limestone. It is richly fossiliferous
and contains abundant corals, bivalves, gastropods,
etc. Cardita beaumonti Douvillé is a very common
bivalve found in this unit.

Associated microfossils (esp. planktic
foraminifera) include some chronostratigraphic
indices which suggest a precise age constraint to the
members of the Ninniyur Formation. The presence
in the lower unit of Acarinina spiralis Bolli among
others indicates that this unit is equivalent of Zone
P2, i.e. late Danian (early Palaeocene). The
important markers of the middle unit are Acarinina
mckannai  (White) and  Planorotalites
pseudomenardii (Bolli). They indicate that the
sequence of the middle unit corresponds to Zones
P3-P4, i.e. Thanetian (late Palaeocene). Though
upper unit does not contain any planktic zonal fossil,
the important benthic forms present in this unit include
a bivalve Cardita becumonti Douvillé and
foraminifera-Protelphidium brotzeni (Hofker) and
Gavelinella danica (Brotzen). G. danica is a
widely distributed form in the lower and upper
Palaeocene deposits of the Tethyan and extra-
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Tethyan regions. In view of stratigraphic position in
sequence, the upper unit can be considered to be
Thanetian in age.

All thin sections and samples are deposited at
the Algalology Laboratory, Botany Department,
University of Lucknow, Lucknow.

Division Rhodophyta  Wittstein, 1901
Class Rhodophyceae Rabenhorst, 1863

Order Corallinales Silva & Johansen,
1986

Family Sporolithaceae Verheij, 1993
Genus Sporolithon Heydrich, 1897
Sporolithon sp.1 Bassi, 1998
(PL. 1, figs.1, 2)
Sporolithon sp. | Bassi, 1998. p. 20, pl. 10, figs. 1-6.

91

Description : Growth form encrusting to warty
and lumpy, thickness of encrusting thalli up to 7.5
mm. Thallus organisation monomerous. Core
filaments non-coaxial, core portion 225 pm thick.
Cells 16-22um in length and 10-15 pm in width. The
peripheral region of encrusting portion restricted to
the dorsal part of the thallus which is usually 675 pm.
Cell length 14-20 pm and cell width 10-12 pm. Cell
fusions indistinct. Sporangial compartments arranged
in sori. Individual sporangial compartments rounded
to elliptical or ovoid corners in longitudinal section
and circular in transverse section. They are 105-120
um long and 40-50 pm wide. Sori do not arise from
the basal layer of elongated cells. 1-2 filaments
(paraphyses) are interspersed between the
sporangial compartments. Up to 32 sporangial
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Fig. 2. The litho-biostratigraphic representation of the Ninniyur formation in the Tiruchirapalli area showing position of the fossil-yielding
samples (indicated by star *) as well as the stratigraphic ranges of the species of calcareous algae based on the present studye (indicated by
vertical line). The horizontal bar (-) marks the actual occurrence of the algal species.
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compartments can be counted in a single sorus. Old
sori buried in the thallus.

Sample No.: BIMt/A10.
Slide No.: M/CB-84, 164.
Locality: Mattur.

Horizon: Middle Unit (Subcrystalline Shelly
Limestone).

Remarks: The present species resembles the
Bassi’s (1998) species, described as Sporolithon sp.
1, in growth form, cell dimensions of core and
peripheral filaments of the thallus. Besides these
characters, sporangial compartments also show
similarity in shape, size and the fact that they do not
arise from the basal layer of elongated cells. Bassi
(1998) reported this species from the upper Eocene,
Calcare di Nago, northern Italy.

Sporolithon glangeaudii Lemoine, 1939

(P1. 1, figs. 3, 4,5, 7)
Sporolithon glangeaudii Lemoine, 1939. p. 102, pl. 2, fig. 15.
Sporolithon glangeaudii (Lemoine) Aguirre and Braga, 1998, p.
492, pl.1, figs. 4-6.

Description : Growth form encrusting, thickness
of encrusting thalli up to 1.3 mm. Thallus organisation
monomerous. Core filaments non-coaxial, core
portion 120 pum thick. Cells 26-30um in length and
12-14 pm in width. Cell filaments parallel to the
substratum in the ventral part of the core, then curve
upwards to give the peripheral region. The peripheral
region on encrusting portion restricted to the dorsal
part of the thallus which is usually 1.2 mm. Cell
length 20-24 pum long and 10-14 pym wide. Cell
fusions present. Sporangial compartments arranged
in sori. Individual sporangial compartments with
rounded to elliptical or ovoid corners in longitudinal
section and circular in transverse section. They are
75-85 pm in length and 30-40 um in width. Cells
underlying the sporangial compartments longer than

other peripheral cells. Sori usually arise fron a layer
of elongated cells. 1-5 filaments (paraphyses) are
interspersed between the sporangial compartments.
Up to 16 sporangial compartments can be counted
in a single sorus. Old sori buried in the thallus.

Sample No.: BIMUA18, B/Nin/A10.
Slide No.: M/CB-79, N/CB-105.
Locality: Mattur, Ninniyur.

Horizon: Middle Unit (Subcrystalline Shelly
Limestone).

Remarks: The present specimen shows
similarity with Sporolithon glangeaudii (Lemoine)
Aguirre and Braga in shape, size of core filaments
cells and also in development and nature of the
peripheral cells. Lemoine (1939) reported this
species from the Miocene of Algeria. Aguirre and
Braga (1998) revised this species on the taxonomic
criteria of sporangial compartments, growth form and
core filament.

Family Corallinaceae Lamouroux. 1812
Subfamily Melobesioideae Bizzozero, 1885
Genus Lithothamnion Heydrich,1897

Lithothamnion sp. 1 Bassi, 1998

(P1. 11, figs. 1-5)
Lithothamnion sp. 1, Bassi, p.14, 1998, pl. 1, fig. 1.

Description : Growth form encrusting, layered
to foliose. Thallus organisation monomerous. Core
filament non-coaxial, about 225 um in thickness, with
cells 14-20 um in length and 8-12 pm in width. Cells
of the peripheral region 14-18 um in length and 10-
12 pm in width. Cell fusions present. Tetra/
bisporangial conceptacles multiporate, 180-220 um in
height and 520-540 um in width. All conceptacles are
buried in the thallus.

Sample No.: BIMt/A12, B/Mt/AS.

EXPLANATION OF PLATE I

2. Sporolithon sp. 1 Bassi, 1998
Sporolithon sp. 1 Bassi, 1998 X 50

Sporolithon sp. 1 Bassi, 1998 X 130: Enlarged view of
sporangia

N = —

3-5,7. Sporolithon glangeaudii Lemoine, 1939
3. Sporolithon glangeaudii Lemoine, 1939, X 50
4. Sporolithon glangeaudii Lemoine, 1939, X 50

_— >
S. Sporolithon glangeaudii Lemoine, 1939, X 160
6. Hydrolithon sp. Basssi, 1995, X 130
7. Sporolithon glangeaudii L.emoine, 1939, X 150.
8,9. Melobésioidcac gen. et spec. indet. 2.
8. Melobesioideae gen. et spec. indet. 2, X 40.
9. Enlarged view of conceptacle, X 110.
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Slide No.: M/CB-34, M/CB-81.
Locality: Mattur.

Horizon: Middle Unit (Subcrystalline Shelly
Limestone).

Remarks: The present specimens agree with
Bassi’s (1998) Lithothamnion sp. 1 in growth form,
general shape, size of core and peripheral filament,
and arrangement of conceptacles. This species was
reported from the upper Eocene, Northern Italy.

Lithothamnion sp.
(P1. 1I, figs. 6, 7)

Description : Growth form encrusting with
small protuberances, thallus thickness about 1.2 mm.
Thallus organisation monomerous. Core filaments
non-coaxial about 315 pum in thickness, with cells
14-18 um in length and 12-14 pm in width. The
peripheral region on encrusting portion is restricted
to the dorsal part of the thallus which is usually 1.1
mm. Cells 15-18 ym in length and 12-15 ym width.
Cell fusions present. Tetra/bisporangial conceptacles
multiporate, 140-165 pm in height and 380-420 pm
in width.

Sample No.: BIMU{/A 24.
Slide No.: M/CB-84.
Locality: Mattur.

Horizon: Middle Unit (Subcrystalline Shelly
Limestone).

Remarks: The present specimen shows non-
coaxial core filaments and tetra/bisporangial
multiporate conceptacles. It is not comparable with
any of the known species of the genus.

Melobesioideae gen. et spec. indet. 1
(PL. 1, fig. 8)

Description : Growth form encrusting to warty.
Thallus organisation monomerous. Core filaments
not preserved, the central cells of protuberance 14-
28 ym in length and 10-12 pym in width. Cells of the
peripheral region 14-18 pm in length and §-12 pm in
width. Cell fusions present. Tetra/bisporangial
conceptacles multiporate, 330 pm in height and 105
um in width.

Sample No.: B/Ad/B6.
Slide No.: A/CB-165.
Locality: Adanakkurichchi.

Horizon: Lower Unit (Adanakkurichchi
Limestone).

Remarks : Thallus organization and conceptacle
morphology of these specimens show resemblance
both to genera Lithothamnion and Mesophyllum.
As the present specimen lacks core filaments, its
generic identification is very difficult. The nature of
core filament, whether coaxial or non-coaxial, is the
only character that allows genus Lithothamnion to
be differentiated from Mesophyllum. Hence, the
present meterial can be referred to the family
Melobesioideae.

Melobesioideae gen. et spec. indet. 2
(PL 1, figs. 8, 9)

Description : Growth form encrusting to
foliose, thallus thick 130 pm. Thallus organisation
monomerous. Core filaments non-coaxial, 105 um
in thickness and badly preserved. Cells of the
peripheral region 8-14 um in length and 6-10 um
in width. Cell fusions present. Tetra/bisporangial
conceptacles multiporate, 300-525 pm in width. 90-
120 um in length.

Sample No.: B/Nin/Al4.
Slide No.: N/CB- 191.

EXPLANATION OF PLATE l I

1-5. Lithothamnion sp. 1 Bassi, 1998.
Lithothamnion sp. 1 Bassi 1998, X 50.

2. Lithothamnion sp. 1 Bassi, 1998 : showing conceptacle with
Sporangia, X 140.

3. Thallus showing conceptacle and peripheral filaments, X
60.
4. Enlarged view of conceptacle, X 150.

—_—) ‘

5. Showing non-coaxial core filaments, X 100.

6, 7. Lithothamnion sp.

6. Lithothamnion sp., X 50.

7. Lithothamnion sp. : showing multiporate conceptacle, X
135. .

8. Melobesioideae gen. et spec. indet. : 1, showing

conceptacle with sporangia X 70.
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Locality: Ninniyur.

Horizon: Middle Unit (Subcrystalline Shelly
Limestone).

Remarks: The core filaments of this specimen
are non-coaxial and epithallial cells are not
preserved. Hence, it can be referred either to
Lithothamnion or to Phymatolithon. The taxonomic
assignment of present form is based on the work
of Rasser and Piller (1999) from the Austrian
Molasse zone.

Subfamily Mastophoroideae Setchell, 1943
Genus Hydrolithon (Foslie) Foslie, 1909
Hydprolithon sp. Basssi, 1995
(PL. 1, fig. 6)
1995b. Hydrolithon sp., Bassi, p. 20, fig. 6A, B.

Descripion : Plant non-geniculate, attached to
the substratum ventrally and lacking protuberances,
thallus psedoparenchymatous, usually 370 pm thick.
The cells of the postigenous filaments 20-26 um in
length and 12-20 pm in width. Primigenous
composed of one or more layers of filaments oriented
more or less parallel to thallus surface; rectangular
cells 14-18 pm in length and 10-15 pm in width. Cell
fusions present. Tetra/bisporangial conceptacles
uniporate, 120-150 pm in width and 75-90 pm in
height. Conceptacles with a single aperture.

Sample No.: B/Nin/A9.
Slide No.: N/CB-104.
Locality: Ninniyur.

Horizon: Middle Unit (Subcrystalline Shelly
Limestone).

Remarks: Thallus organisation, the nature of
pore canals of conceptacles and rectangular cells of
primigenous filaments allow the present specimens
to be identified as Hydrolithon. The present
specimens agree with Bassi’s (1995b) Hydrolithon
sp. in growth form, general shape; size of
primigenous and peripheral filament cells. Though the
Bassi’s (1995b) specimens lack conceptacles, that
from the Ninniyur area shows uniporate
conceptacles. Bassi (1995b) reported Hydrolithon
sp. from the upper Eocene, Northern Italy.

DISCUSSION

As previously noted (Misra et al., 2001), the
coralline red algae are abundantly represented in the
Ninniyur Formation as fragments, crusts, and
rhodoliths along with other fossil groups. Based on
the currently employed taxonomic criteria (e.g.
Braga et al., 1993; Aguirre and Braga, 1998), seven
more species of the coralline algae can be added to
the inventory of Misra et al. (2001). These include
two species of Sporolithon; two species of
Lithothamnion; one species of Hydrolithon and two
indeterminate taxa of the family Melobesioideae. Of
these, Sporolithon sp.1 Bassi, 1998, Sporolithon
glangeaudii Lemoine, 1939, Lithothamnion sp.1
Bassi, 1998 and Hydrolithon sp. Bassi, 1995 are
recorded for the first time from the Indian
subcontinent.
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