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ABSTRACT

The onshore Cretaceous marine sedimentary sequence of the phosphatic nodules is exposed in
the Tiruchirappalli district of Tamil Nadu. The surface of the nodules is yellow to reddish ferruginous
with light to dark brown phosphate content having veins. The presence of microbial mats, coated

*Corresponding author: Email: glyazhar@gmail.com;

Uttar Pradesh J. Zool., vol. 44, no. 20, pp. 120-129, 2023




Hussain et al.; Uttar Pradesh J. Zool., vol. 44, no. 20, pp. 120-129, 2023; Article no.UPJOZ.2740

grains, and fossils wrap with the association of CFA, calcite, and quartz, associated with
phosphatized microbial mats and planktonic foraminifera, are found. The texture/structures appear
as algal mats, coated grains and crystal of carbonate fluroapatite in the groundmass. Organic
matter in the form of microbial filaments, as revealed by SEM and thin sections studies, indicates
the role of micro-organisms involved in the formation of phosphatic nodules from study area. This
research contributes significant data on the planktonic foraminifera from Cretaceous phosphatic
nodules in Tamil Nadu, India, and demonstrates the potential of a biological approach in
deciphering the region's geological history. The findings are pertinent to paleontologists, geologists,
and researchers studying Cretaceous marine environments and paleoclimatology, making a
valuable addition to the existing body of knowledge in these fields.
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1. INTRODUCTION

Cauvery Basin is one of the most prominent
sedimentary basins on the East coast of South
India. The basin's Cretaceous deposits are found
in discrete outcrops along the western boundary
that borders the Archaean basement. The study
presents a comprehensive characterization of
planktonic foraminifera preserved in Cretaceous
phosphatic nodules from District Tiruchirappalli,
Tamil Nadu, India. The research aims to
investigate the biological implications of these
microfossils to elucidate the geological history of
the region. The greatest of these outcroppings
has had its stratigraphy, megafauna, and
microfauna contents thoroughly examined. It is
located close to Tiruchirappalli. The majority of
phosphorite deposits which are distributed
globally were deposited in the cretaceous period
through the process of phosphogenesis [1].
Several phosphorites from the Cretaceous
contain peloids made of phosphorus. One can
argue that peloids are either reworked or
authigenic in origin [2,3]. Additionally, the primary
mechanism underlying the extensive
phosphogenesis that occurred during the
Cretaceous has not yet been determined. The
phosphatic nodules in the Nambakuruchi are part
of the Cauvery basin of South India, which lies in
the Uttatur group of the Karai formation and was
first reported by Worth [4]. The area has been
investigated by previous workers on different
aspects as lithostratigraphy, biostratigraphy,
palaeoceanography, phosphatic nodules,
depositional environment and flora and fauna;
Hussain et al. [5], Venkateshwarlu & Nagendra
[6], (Rao et al. [7,8], Banerji et.al [9], Sundram
and Rao [10], Rama Rao [11], Blanford
[12]. Utllizing a multidisciplinary approach, the
researchers analyzed a diverse assemblage of
planktonic foraminifera species obtained from the
phosphatic nodules. The assemblage was
meticulously examined using advanced imaging

technigues and morphometric analysis to identify
to understand geological history to biological
conditions related to the origin.

The present research paper deals with planktonic
foraminifera based on thin sections and scanning
electron microscope (SEM) have been carried
out to investigate the size, nature, optical
behaviour and texture/structures of phosphate
and associated in biota with Planktic foraminifera
texture/structures to delineate their organic origin
of phosphatic nodules of study area.

2. GEOLOGICAL SETTING

The Nambakuruchi Varagupadi block of
Tiruchirappalli district, Tamil Nadu, India, is a
part of the Cauvery basin, which lies in the South
part of India. The geographic location of
Nambakuruchi (Lattitude 11° 5" 30"; Longitude
78° 52' 15" and Varagupadi (Lattitude 11° 8' 50",
Longitude 78° 54' 00"), and phosphatic nodules
occur in an area of about 27.52 square km
(Fig.1). The Cretaceous succession of the
Cauvery basin developed a Precambrian
basement overlain by Uttatur, Trichinopolly,
Ariyalur and Niniyur groups [13]. The size of the
nodules ranges from 5 to 25 cm in length and 2
to 10 cm in width with spherical, elliptical circular,
cylindrical shape. The surface of the nodules is
yellow to reddish ferruginous with light to dark
brown phosphate content (Figs. 2 & 3).

3. MATERIALS AND METHODS

The Phosphatic nodules were collected from the
Nambakuruchi block of the Karai Formation,
Uttatur Group Tiruchirappalli Tamil Nadu (Fig. 1).
The sampling was carried out from different
locations with different shapes and sizes. The
representative samples were selected for thin
sections and SEM image analysis. The first cut
the nodules in two halves. One-half was used for
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thin section studies to identify texture/structures  nodules were observed under JEOL/EO 6510
and mineral constituents. The other half was JSM Scanning Electron Microscope (SEM) at
SEM analysis. The new broken phosphatic USIF AMU Aligarh.
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Fig. 2. Field photograph showing phosphatic nodules, Nambakuruchi block of Tiruchirappalli
Tamil Nadu India
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Fig. 3. Photograph of the phosphatic nodules of Nambakuruchi block of Tiruchirappalli Tamil
Nadu (A - L) shape and size variation in hand specimen, (M — O) veins in the nodules

Fig. 4. Flowchart of methodology adopted for the organic origin study of phosphate nodules of
the study area
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4. RESULTS

The phosphatic nodules of the Nambakuruchi
have different shapes and sizes. Their surface is
yellow or white to reddish colour with varying
veins with crystal contact (Fig. 3). The phosphate
crystal is brown to grey in colour with bryozoan
fragments. Thin sections of the nodules indicate
that the fine phosphate grains are of silt size with
a fine grain matrix. Fragments of the foraminifera
and other small carbonate particles are marked
with light-to-dark lamination. Photomicrographs
of a thin section of phosphatic nodules with fine
phosphate lamination and an inconspicuous test

V’ =
e Foraminifera :

of planktonic foraminifera that were preserved on
the groundmass may be seen in the images
below (A) in plane polarised light and (B)
between crossed nicols. There are planktic
foraminifera, peloids, and fine detrital grains with
cavities (Figs. 5 and 6). Micro cracks with
microbial mats are also familiar with the algal
structure. The veins/cracks cut in nodules in
different directions are with silt-size detrital
particles. Photomicrographs of the thin section of
the phosphatic nodules showing fine silt-size
phosphate matrix with planktonic foraminifera (A)
in plane polarized light and (B) between crossed
nicols (Fig. 6).

Fig. 5. Photomicrographs of the thin section of the phosphatic nodules showing fine
lamination of phosphate with a small test of planktonic foraminifera and preserved on
groundmass (A) in plane polarized light and (B) between crossed nicols
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Fig. 6. Photomicrographs of the thin section of the phosphatic nodules showing fine silt size
phosphate matrix with a planktonic foraminifera (A) in plane polarized light and (B) between
crossed nicols

The SEM images also justify the major and minor
minerals in the phosphatic nodules with the
guartz and other microbial fragments of different
sizes (Fig. 7). The microbial filaments are
homogeneous forms with fragments of the
planktic foraminifera. They are showing a uniform
composition with a coated grain (Fig. 7). The
laminae resemble microbial filaments, which
appear hollow. Microbial filaments and
phosphatized planktonic foraminifera observed in

the groundmass of phosphatic nodules in shallow
marine environmental conditions. These findings
are also in accordance with other studies [15].
Scanning Electron Microscope (SEM) shows that
the main constituents of the phosphate are
carbonate fluorapatite (CFA) with a fine-grained
matrix (Fig. 8). SEM micrographs of phosphatic
nodules showing lamination of fossils wrap
phosphatization. Globular microbial mats with
cavities are found in Fig. 9. The laminated
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phosphatized shows the development of the
phosphate grains with the microbial filaments.
Fig. 9 shows cavities formed by the dissolution of
the particles with phosphate crystals. The CFA
crystal consists of quartz in the central with
spherical phosphatized particles. SEM studied on
the surface of phosphatic nodules to observe the
internal structures/texture of the nodules. These
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nodules include crystalline apatite, which
suggests that the phosphate was initially
deposited as the least crystalline or non-

crystalline metastable phase. However, as
shown by SEM pictures of some nodules (Fig. 9),
it later underwent a transformation into crystalline
apatite dependent on the saturation of phosphate
minerals.
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Fig. 7. SEM micrograph of phosphatic nodules showing phosphatized planktonic foraminifera
in the groundmass of phosphate with coated grain
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Fig. 8. SEM micrograph of phosphatic nodules showing Phosphate crystal, Quartz, Calcite and
planktic foraminifera with microbial mats with of phosphatization
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Fig. 9. SEM micrograph of phosphatic nodules showing planktic foraminifera and globular
microbial filaments with fossils wrap/lamina cavities of phosphatization

5. DISCUSSION

There are different views on phosphorites, but
the genesis of sedimentary phosphorites can be
explained by three dominant processes [16-18].
The replacement of carbonates at the sea floor
by phosphates, diagenetic precipitation from pore
fluids, and precipitation by microbial activity and
bacteria are these three crucial processes.
Organic origin parameters studies of the
phosphatic nodules show that the most dominant
phosphatic constituent is CFA, with texture/
structures with planktic foraminifera micro-
laminations with microbial filaments. The source
of the microbial mat may be micro-organisms.
According to Walter [19], the distinguishing
characteristic of stromatolites is the binding and
trapping of detrital particles by a microbial mat
and mineral precipitation brought on by metabolic
activity. Therefore the phosphate clast is of
organic origin—phosphate stromatolites during
the Mesozoic in a pelagic setting [20]. Micro-
cracks filled with celestite, calcite, and gypsum
indicate shallow environmental conditions. The
presence of Celestite indicates the evaporative
conditions [21]. This shows that the microbial
mats are formed in evaporative conditions.
Krumbein [22] described in carbonates-coated
grains similar structures in Negev phosphorites
[23]. The nuclei of nodules in carbonate grains
related to the phosphate stromatolites formed
intertidal conditions [8]. The findings revealed a

rich diversity of planktonic foraminifera, providing
valuable insights into the Cretaceous
paleoenvironment and facilitating accurate
correlations. The identification of important index
species allowed for the establishment of a robust
depositional framework, crucial for regional
geological interpretations and correlations.

6. CONCLUSIONS

The onshore Cretaceous marine sedimentary
sequence of the phosphatic nodules is exposed
in the Tiruchirappalli district of Tamil Nadu. The
phosphatic nodules in the Nambakuruchi are part
of the Cauvery Basin of South India, which lies in
the Uttatur group of the Karai formation. The
colour of the surface of the nodules is yellow to
reddish ferruginous with light to dark brown
phosphate content. The thin section and SEM
reveal that planktic foraminifera with microbial
contents from organic matters present. The
presence of organic matter gives the brown to
brownish-black colour to the phosphatic nodules.
Phosphatized microbial mats and planktonic
foraminifera are found. The phosphate minerals
appear as algal mats, coated grains and cryptal
of carbonate fluroapatite in the groundmass.
Organic matter in the form of microbial filaments,
as revealed by SEM studies, indicates the role of
micro-organisms involved in the formation of
phosphatic nodules. The source of the organic
matter may be the microbial mat. The
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constituents of phosphatic nodules may have
been derived from microbial bodies from the sea,
and the precipitation of the phosphate during the
metabolic process was the early stage of the
burial of biota.
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