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Abstract: The East Midnapore coastal stretch of West Bengal represents a dynamic geomorphic and tectonic environment shaped during the
late Quaternary, particularly over the last ~6000 years following Holocene sea-level fluctuations. The region displays different coastal
landforms, including sandy beaches, dune complexes, and tidal flats formed through marine transgression—regression cycles and fluvial
sediment supply, primarily from the Subarnarekha and associated river systems. Geo-dynamically, the area lies within the Bengal Basin, a
tectonically active zone influenced by the convergence of the Indian, Eurasian, and Burmese plates. Geological analysis discloses multiple
depositional phases from the Cretaceous to Holocene, with significant contributions from fluvial, lagoonal, and marine environments.
Subsurface stratigraphy indicates alternating sedimentary sequences reflecting environmental shifts. Tectonic lineaments, predominantly
oriented NE-SW, further highlight structural control over basin evolution. This study provides an integrated understanding of geomorphic

development, sedimentation processes, and tectonic influences shaping the East Midnapore coastal zone.
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1. Introduction

The present geomorphic distribution, such as the beach, active
dunes, mud flats, etc., has developed over the last 6000 years
with the last sea level fall after the Holocene climatic optimum
through sand deposition by the role of the Subarnarekha River
(Bandopadhyay, 2000) in the present-day study. It is evident
that the numerous scientific observations show that sea level
changes along the Bay of Bengal coast have undergone a
dynamic in general, according to geological studies. The entire
process of coastal landforms along the East Midnapore coastal
stretch of Bengal Basin occurred after sea level rise, which is
about 6000 yrs BP. The expansion of consecutive rows of dunes
with interfering tidal flats developed during the Holocene
period. But the erosion system is established in the western
section of the Midnapore coastal plain lands. The Basis of tidal
amplitude, the coast has two distinct environments. These are:
(a) Macro-tidal zone (range > 4 m), which is characterized by
several creeks adjacent to islands with mangrove vegetation that
extends from the Sagar Island in South 24 Parganas to the
margin of Bangladesh. (b) Meso tidal (tidal range is 2 — 4 m)
Medinipur coastal (Digha, Sankarpur, Junput, Mandarmoni)
plain to the west of the Hugli estuary, which is characterized by
rows of sandy dunes separated by clayey tidal flats. It extends
from Sagar Island to the Orissa border to the west.

The geodynamic development of Bengal basin is directly
related to the collision between the Indian Plate and the
Eurasian Plate to the north and the Burmese Plate to the east
which is building the Himalaya mountain process and the Indo-
Burma mountain process in the north and east respectively
(Hossain, 1985; Hossain, 2019; Khan, 1991; Khan & Chouhan,
1996; Steckler, 2016). The Bengal basin is surrounded by a
cratonic passive boundary within the Indian Plate to the west,

Indo Eurasia collision boundary to the north, and Indo Burma
subduction boundary to the east (Figure 4.1). However, the
north-eastern boundary of the Indian Plate system is in collision
with the Burma Plate. To the south, it carries on as the Bengal
basin fan to the Bay of Bengal on the east coast of India. Current
geodetic measurements illustrate that the movement of the
Indian Plate is ~6 cm/yr in the northeast direction, which
results ~in a 4.5 cm/yr rate of collision with the Eurasian Plate,
and ~a 4.6 cm/yr rate of collision with the Burmese Plate
(Akhter et al., 2018).

The Bengal basin is located at the junction of three important
plates, which is essential to have an approach to plate tectonics
and paleo-geographic rebuilding from the super-continent
Gondwana land to comprehend the geodynamic development
of the Bengal basin. A standard traditional models recommend
that the India—Eurasia which is part of Tibet collision event was
started 50-55Ma ago (DeCelles et al., 2002; Najman,
2006; Zhu, 2005), whereas Ali and Aitchison (2008),
Aitchison, (2007), Aitchison, (2019), Baxter et al. (2016), and
Yang, (2020) proposed that the new models with much younger
age. This latest model is relying on strong databases from
multiple geological and geophysical databases. So, for the
convenience of consideration, it’s required to consider major
geodynamic actions with their temporal as well as spatial
relationships and the development of this basin. With the
references, the first geological map of Bangladesh, which is part
of the Bengal Basin, prepared by Bakr and Jackson (1964), was
further improved in connection with hydrocarbon prospecting
of the basin (Bakhtine, 1966; Guha, 1978; Guha & Kitovani,
1965; Matin, 1983). However, it is further than an argument
that the availability of geodynamic maps is not extensive, to
some extent inaccurate, and complicated to access for study.
This study is very important to understand the following
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objective: (a) to analyze the relationship between the structural
framework of the geologic and tectonic setting and the
evolution of landforms in the study area.

2. Methods and Techniques

The study is based on an integrated analysis of geological,
geomorphological, and geophysical data. Secondary data
sources include geological maps from the Geological Survey of
India (Bhukosh), previous research studies, and borehole data.
Lithological and stratigraphic interpretations were derived
using isochronal mapping and subsurface profiling from
drilling records. Remote sensing techniques, including satellite
imagery interpretation, are used to identify geomorphic features
and tectonic lineaments. Comparative analysis of sediment

characteristics helped classify depositional environments. The
study also incorporates plate tectonic models and geodetic data
to understand regional geodynamic evolution and its influence
on coastal landform development.

3. Location of the Study Area

The western section of the Purba Medinipur coastal tract is
situated in the Purba Medinipur district of West Bengal,
extending between 21°36' 35" N and 22°02' 23" N latitudes and
87°22' 48" E and 88°01' 12" E longitudes (Fig. 1). The length
of the coast of the district 55.22 kilometers, stretching from the
border of Odisha to the Rasulpur Estuary. This coastal tract
includes four Community Development Blocks, such as
Ramnagar I, Ramnagar II, Contai I, and Deshapran.
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Figure 1: Location of the study area (Source: GSI)

4. Geological Analysis of the Study Area

The study area is the south-eastern section of Bengal
Geosyncline, which is characterized by a stable shelf and a deep
basin in the west and east, respectively. It is surrounded by the
Indian shield in the west, which is bounded by a series of
encephalon faults system. Through Geophysical surveys along
with deep drilled data sources in this plain of Bengal, showing
that widespread basaltic lava is overlying coal containing
Gondwana-type sediments. Afterward, geological history is a

recurrence of ocean transgression as well as regression, which
was main occurrence which is influencing the deposition
through the evolution of this basin. The drainage system of this
study was created from the Chhotanagpur plateau region, which
is the geological mediator for sedimentation processes. The
first evidence of transgression in the Bengal basin is through
period, of Cretaceous but the upper Cretaceous period has a
regression stage. While the regressive phase was general in the
Quaternary period, an oscillatory environment was also there at
that time period (Tiwary & Banerjee, 1985). According to
Raman et al. (1986), through isochronal mapping of lithologic
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layers, it was found that the Ranaghat and Krishnanagar area
has a depositional lowland, and Contai has another depositional
lowland in Paleocene and Cretaceous. According to Niyogi
(1970), the presence of the Belda-Contai upland, which was not
occupied by any large river system in the recent past, is
noteworthy. Also, he explained that this highland was
developed mostly by the Subarnarekha and Kasai rivers. The
major source of sediment loads during the Eocene period was
the Palaco Damodar River. For the period of Cretaceous time,
the Ghatal area was under the control of a restricted lagoon
environment system, which was substituted by open marine
shelf environment during the Paleocene and Eocene period
(Raman, 1986) (Fig. 3).
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Figure 2: Geological map of East Midnapore district with
study area (Source: GSI)

Chakraborti (1991) disagree with this view of Niyogi and
suggested an inter-fingering relationship of the rows of dunes,

beach ridges, and clayey intertidal flat of the adjacent coastal
plain in the east. In the eastern side of the Subarnarekha delta,
according to Niyogi (1970), six regular cycles of beach ridges
alternating with a variable number of bars are noticeable, which
are evidence of shifting of the shoreline in the coastal region.
As Chakraborty (1991) stated, only one ridge is present in
connection with dune rows situated in the mesotidal coastal
plain. These beach ridges are named as “older beach ridge”
from their morphodynamics, as stated by Chakraborty. Also, he
explained the consecutive dune rows (namely ancient dune
rows, older dune rows, and the beach front dune rows) with the
clayey tidal flat plains and the local beach ridges are determined
in regression of the period of the Holocene. Also, he
recommended that the “Ancient dune complex” situated along
the Medinipur coast (approximately 10 to 15 km north of the
present-day shoreline position) determines the location of the
ancient strandline in the area (Table 1).

From the geological map, the whole district is created with six
different geological formations since the late Pleistocene era to
the Late Holocene era (Table 2). The larger part of this area was
created by the Panskura formation in the Middle Holocene
period, which is composition by finer sand, silt, and muddy.
The urban centre of Haldia municipality is located in the
Panskura formations. The parallel sand dune ridges have
created in period of Late Holocene which is consist of medium
grained semi-compact grey sands, the Digha and Contai are
situated in this area. Some portion of Contai is expanded to the
Panskura formation. Also, some portion of Digha is situated in
the Basudebpur formation, which is consist of dark grey and
black clay along with deposited mudflats, formed in Middle
Holocene to Late Holocene time period. The sea beach is
characterized by very finer, white and grey sands with muddy
particles which is formed in the Late Holocene period. The
Sijua formation formed during the Late Pleistocene to Early
Holocene, consists of sandy loam, silty clay, and caliche. The
Kasai river formation, which was formed during the Late
Holocene period, consists of unoxidised sand and silt shown in
the palaeo and recent river courses (such as Kasai, Rupnarayan,
Rasulpur river) and their surrounding areas (Jana & Paul,
2018). The coastal plain region is covered with younger
alluviums, which are formed in the Holocene period. The early
Holocene to Late Holocene sand dune ridges are divided by
palaeo tidal flats, which are surrounded by the Contai and
Digha coast. The Haldia region is formed by estuarine
floodplain alluviums during the period of Late Holocene to
Late Pleistocene (Niyogi, 1975; Paul, 2002; Chakrabarti,
2005). Recently, deposits such as tidal flats, beaches, and sand
dunes have been found in emerged and submerged regions.
Tidal flats of the Channel fringe and backwater wetlands are
deposited by muddy, finer sand and silt (Fig. 2).
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Table 1: Thickness of on-lapping and off-lapping sequences in the coastal tract of Midnapore, West Bengal

Older eroded land Onlapping series Overlapping series
Area  |Well Location| Depths Thickness Sediment Thickness Sediment Thickness Sediment type IRemarks
(m.BGL) type type
Neeua Gravel by a Alternating series of Increased
(bor. defrging an tiny amoint Sticky Grey sand (finer to coarse with|  thickness of
ancient dune 67.44 2.84 of caliche & 7.06 Cla 57.54 clay by basal layer of sediments
complex) Fe nodules Y kankar, gravel, and Fe (Quaternary
p nodules (3 m) period) of
Midnapore Hooghly estuaries
Coastal Digha . compared to the
Plain  |(bordering the Mo:;rclgarse Stl;l;}:ig;ey Alternating series of |Medinipur coastal
older 9753 12.19 subroun’de al 1220 mostly by 7314 sands (finer to medium), jplain, possibly due
dune/beach ’ ’ to ’ sand (finer ’ silty clay by basal (6.09 | to structural
front dune subaneular to medium) m) of coarse sand lowering or
complex & geosynclinal down
warping.

Source: Chakraborty. P., 199

Table 2: Geological succession of Purba Medinipur District with study area

Ages

Geological Units

Lithological characteristics

Holocene period

Recently, flood plain deposition

Alternating layers of sand and sil

t

Present-day beach deposits

Fine medium greyish brown sand

S

Recent dune sand

good sorted, white colour to grayish, yellow sand deposits

Basudebpur Formation

Sand, silt, and muddy (non-oxidized or sometimes oxidized)

Panskura Formation

Laterite soils

Late Pleistocene to Holocene period

Sijua forming

Clay and gravel

Pleistocene period

Lalgarh Formation

Consists of quartz, granite, and phyllite, with sometimes laterite

Laterite formation

Laterite with sometimes ring-like silica

Carboniferous to Triassic

Tertiary Gravel bed

Different size Gravels

Bhairab Banki

Clay, gravel, and conglomerate

Meso-proterozoic

Younger Volcanics

Tourmaline with quartz rocks

Kuilapal granite rocks

Paleo-Proterozoic

Dalma Volcanics

Quartzite rocks

Epidote or hornblende schists

Singhbhum Group

Quartzite rocks

Mica and schist, sometimes garnetiferous

Calc gneisses and granulites

Garnet staurolite schists, along with kayanites

Garnetiferous-phyllites

Paper |D: SR26324002232

(Source: GSI, 2007)
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5. Sub-surface Geology of the Study Area

According to Chakraborty (1991), the East Midnapore coastal
belt is underlain by unconsolidated sediments of sand, silt,
and clay texture. The types of these sediments are classified
into seven diverse zones which rely on physical, biological,
and mineralogical characteristics. Along with the borehole
study in the Digha coast belt (Goswami, 1968), the subsurface
geology of the area may be demonstrated. There are three
groups of sediment types observed in the study of boreholes.
The study stated that the thickness of each group of sediments
differs from 45 m to 60 m. Explained the three groups
following: (i) Group C: Marine: range from 0 MSL to -55 m,
(i) Group B: Fluvial: ranges from -55 m to -70 m and, (iii)
Group A: Lagoonal: from -70 m to -140 m. The Group A
sediments comprise exchange sand and clay layers, which are
characterized by a greyish-white colour with a high content
of mica substances. The laterite hard solid mass formed by
the local accumulation of matter, which varies in size and
coarse sediments in the Group B, might have been derived
from the nearby laterite horizon layer. Goswami (1968)
recommended that a marine transgression possibly took place
after the deposition of Group B sediments, which resulted in
the formation of Group C sediments under marine processes.
The presence of a thick plastic clay bed at the base of this
group is significant. Marine organisms are also present in the
sandy component of the group of sediments (Table 3).
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Figure 3: Lithology map of East Midnapore District with
study area (Source: GSI)

Table 3: Terrain analysis and classification of the Midnapore coastal belt

Older beach ridges complex

Older sand dune complex

Older tidal ponds

The ancient intertidal flat plains

Ancient sand dune complex and tidal ponds
Ancient fluvio-tidal flat plains

¢) The inactive marine coastal plains
d) The Inactive fluvio tidal flats

Specifics Physical feature unit Geomorphological unit Geological Unit
Coastal and |a) The beach face units a) The active marine coastal plains | a) The current Midnapore Coastal
Fluvio-tidal |b) Beachfront sand dune complex b) The abandoned marine coastal Deposits
Facies c¢) Presently, mud or sand plains b) The older Midnapore Coastal

Plains
¢) The ancient Midnapore Coastal
Plain

Source: Chakraborty. P. 1991

6. Lineaments Tectonic of the study area

Numerous tectonic lineaments across the Bengal coastal
sediments are identified with the help of analysis of aerial
photographs and satellite imagery data by some geologists, like
Babu (1972), Rakshit (1980), and Das et al. (1985), which can

direction of the Bengal Basin. According to Nandy (1983), a
significant overall plate tectonic framework within the present-
day setup of field in the eastern part of the Bengal Basin where
the structural experience of the Tripura-Mizoram Fold Belt is
probably to cover the area below the alluvium of the Ganga

delta plain (Fig. 4).

be connected with the tectonic history of Bengal Basin. In the
study, most of these lineaments are positioned in the NE - SW
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Figure 4: Lineaments Tectonic and forms map with the study
area (Source: GSI)

7. Conclusion

The East Midnapore coastal stretch represents a complex
interplay of geomorphic evolution, sedimentary processes, and
tectonic controls within the Bengal Basin. The present coastal
landscape, including beaches, dune systems, and tidal flats, was
largely developed during the Holocene epoch following
significant sea-level fluctuations. Fluvial inputs, particularly
from the Subarnarekha and other rivers draining the
Chhotanagpur Plateau, played a crucial role in shaping coastal
sedimentation patterns. Geological evidence indicates repeated
marine transgression and regression cycles since the
Cretaceous, contributing to diverse depositional environments
such as lagoonal, fluvial, and marine settings. Subsurface
analysis reveals layered sedimentary sequences reflecting
environmental transitions, while surface geomorphology
highlights the significance of ancient shoreline shifts marked
by dune complexes and beach ridges. The presence of NE-SW
oriented tectonic lineaments suggests structural influences on
sediment deposition and landscape evolution. Furthermore, the
region’s geodynamic setting at the convergence of major
tectonic plates continues to influence its geological stability
and evolution. Overall, the study underscores that both past
climatic events and ongoing tectonic processes have
collectively governed the development of this coastal system,

making it highly dynamic and sensitive to future environmental
changes.
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