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Original Research Abstract:

Received: The Ghaghara River originates from the Mapchachango glacier near Mansarovar lake and spreads over many
2024-07-30 parts of India and Nepal. It is the left bank and largest tributary of the Ganga River by volume. Its confluences
Revised: with the Ganga River at Doriganj near Chhapra town in Bihar. Extensive studies have been carried out on
2024-10-12 . . . . . .

Accepted: flooding anq lateral erosion, but no .attentlon has been pgld to sed?mentary §tructures and facies alqng the
2024-10-20 Ghaghara River. The present study is focused on the facies analysis and sedimentary structures, which are
Published online: exposed on a 196 cm high cliff section (Upland terrace surface T,), along the Ghaghara River, Ayodhya Ghat,
2025-06-24 Uttar Pradesh. The facies are the paleosol unit (Facies I), silty unit (Facies II), and sandy unit (Facies III),
12)812);191}1(;:(13 i)n issue: which show high energy conditions and a high degree of transport rate while the mud unit (Facies IV), show

low energy conditions and low degree of transport rate. The sedimentary structures have been identified such
as the massive bedding in silty unit, planar cross-bedding and trough cross-bedding in sandy unit, and parallel
laminations in mud unit at different depths of litholog. It also indicates that fluvial hazards occur during
low-discharge periods due to sandy, silty, and muddy facies in the river valley deposits, which contribute to
increased lateral erosion in the low discharge period and flooding occurs during the high-discharge periods.
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1. Introduction

The Ganga Plain stands out as one of the world’s largest and
most dynamically changing terrestrial basins, is also recog-
nized as one of the most densely inhabited regions globally
due to its fertile soil, abundance of aquifers, smooth land-
scape, and favorable climate (Singh and Awasthi, 2011a;
Singh et al., 2018; Gautam et al., 2022a; Gautam et al.,
2022b). It extends from the Punjab Plain in the west to
the Brahmaputra Valley in the east (Dewey and Bird, 1970;
Dickinson, 1974; Singh, 1996). These fluvial sediments
filled the Ganga foreland basin derived from the Himalayas
and are transported by fluvial processes primarily by major
permanent rivers such as the Indus and Ganga in the north

and some sediments from the Peninsular craton in the south
(Singh and Bajpai, 1989; Singh, 2004; Sinha et al., 2006;
Singh and Tandon, 2007; Shukla and Raju, 2008; Singh,
1996; Gautam and Kumar, 2025). Characterized predomi-
nantly by Quaternary fluvial sediments (Singh, 1996; Singh
and Singh, 2005). The fluvial deposits within the Ganga
Plain represent one of the most substantial terrestrial sedi-
mentary archives in South Asia. The distribution of channel
deposits in fluvial environment studied by Colombera et
al. (2019). These deposits play a crucial role in decipher-
ing the impact of climate variations, tectonic activity, and
eustatic changes on the evolution of the region (Gibling
et al., 2005; Chandra et al., 2024). Contemporary pedo-
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genic and sedimentary processes occurring in the Ganga
Plains offer a modern analog for understanding Late Qua-
ternary processes in the Himalayan foreland (Srivastava et
al., 1994; Singh, 1996). The Ganga Plain holds the largest
groundwater reserves in India, with the country’s population
heavily reliant on this resource for various developmental
activities, including domestic, agricultural, and industrial
uses (Groundwater Board, 2021). The average annual river
discharge is 16650 cubic m/s (Jain et al., 2009). In some
region of the world estimating groundwater recharge is es-
sential for understanding water renewal and implementing
sustainable water extraction practices (Lorenzi et al., 2024).
Facies are a distinctive rock unit that forms as a result of
specific conditions of sedimentation, which in turn reflect
particular processes or environments (Reading, 1996). Fa-
cies encompasses the combined lithologic and paleontolog-
ical characteristics of a sedimentary rock (Moore, 1949;
Teichert, 1958; Kiersnowski et al., 1995), while a facies
model serves as a general overview of a specific sedimen-
tary environment (Potter, 1959; Walker, 1976). Lithofacies
analysis involves describing and classifying sediments, and
then interpreting the sedimentary processes and depositional
environments, usually through the application of a facies
model (Anderton, 1985; Kontakiotis et al., 2020). Facies
marker data, which includes information on lithology, sedi-
mentary structures, paleontology, and mineral composition,
can be used to infer the origin and formation environment
of sedimentary rocks (Reading, 1978; Selley, 1982). Con-
sequently, such data are crucial for paleogeographic recon-
structions (Otari and Dabiri, 2015; Hou et al., 2019; Ogg,
2019; Kontakiotis et al., 2020; Elatrash et al., 2021; Khan
et al., 2021). The sedimentary units and lithological facies
have been identified from upland terrace surfaces from dif-
ferent parts of the Ganga Plain (Kumar et al., 1995; Singh
et al., 1999; Srivastava et al., 2003a; Gibling et al., 2005;
Singh and Singh, 2005; Singh, 2007; Singh and Awasthi,
2011a, 2011b; Yadav et al., 2023; Ali et al., 2023). The
sedimentary records found within land formations provide
crucial historical data for understanding past environmen-
tal conditions, including monsoon behavior and significant
weather events (Singh et al., 2019).

The cliff sections exposed along the incised rivers of the
Ganga Plain reveal the sedimentation history of the past
100 ka (Singh, 1996; Singh et al., 1997; Shukla et al., 2001;
Srivastava et al., 2003b; Gibling et al., 2005; Sinha et al.,
2007; Shukla, 2009; Srivastava et al., 2010; Pal et al., 2012;
Roy et al., 2012; Shukla et al., 2012; Ghosh et al., 2019).
In this study, stratigraphic succession displays a notable
sequence of sedimentary structures such as silty unit (mas-
sive bedding), sandy unit (planar cross-bedding and trough
cross-bedding) and mud unit (parallel lamination and mas-
sive homogenous layer).

The consistent paleo current directions observed in the pla-
nar cross-bedding suggest that the two-dimensional bed-
forms responsible for creating these beds moved in the
same direction (Singh and Awasthi, 2011b). The rivers of
the eastern Ganga Plain indeed play a significant role in the
distribution of sediments in the region through the processes
of channel avulsion and floods (Singh and Awasthi, 2011b;
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Sinha et al., 2014; Arjmandzadeh et al., 2020). The study
area experiences flooding during the high discharge periods
of the monsoon season and undergoes lateral erosion during
the low discharge periods in the pre- and post-monsoon
seasons (Singh and Awasthi, 2011b). Flooding and lateral
erosion are identified as significant fluvial hazards in the
Ghaghara River basin (Singh and Awasthi, 2011b).

Lateral erosion is an important geological process and is of-
ten classified as an independent natural hazard (Singh et al.,
2010) caused by sandy facies, it plays a significant role in
influencing the magnitude and impact of other natural haz-
ards. Channel migration has been described in the Middle
Ganga Basin (Philip et al., 1989) and along the Ghaghara
River (Agarwal and Mishra, 1987). Lateral erosion is be-
lieved to be caused by flooding and is more severe on sandy
soils compared to silty soils (Geyer et al., 2003). The river
shows a braided channel pattern flowing within the valley
(Gautam, 2023a). (Study of the lateral erosion along the
Ghaghara River is study by (Gautam et al., 2024c).
Flooding has been identified as one of the most disastrous
natural hazards, primarily affecting the Ganga Plain and the
northeast region (Singh, 2007; Gautam et al., 2024b). Fre-
quent flooding in eastern Uttar Pradesh is largely caused by
the overflow of rivers like the Kuwana, Rapti, Chhoti Gan-
dak, Ghaghara, and Great Gandak (Singh, 2007; Gautam
et al., 2024a). Flooding and lateral erosion have been iden-
tified as significant fluvial hazards in the Ghaghara River
region (Singh and Awasthi, 2011a). The geomorphology,
sedimentology, and flood characteristics of the Ganga Plain
rivers, including the Ganga (Singh, 2007), Ghaghara (Gau-
tam et al., 2024c; Gautam et al., 2024b), and Sarda (Mitra
et al., 2005), have been analyzed.

Flooding occurs during high-discharge periods, while lateral
erosion operates during low-discharge periods (Singh and
Awasthi, 2011b). This dynamic is further influenced by the
direct and indirect impacts of climate change, which alter
environmental conditions and affect river geomorphology
(Gautam and Singh, 2022; Gautam et al., 2022a; Gautam
and Singh, 2023; Gautam, 2023b, 2024). The impacts of cli-
mate change on depositional processes involve alterations
to landscape geomorphology (Kumar et al., 2024). The
current paper focuses on morpho-sedimentary and shallow
surface facies analysis and their relation with the deposi-
tional environment and fluvial hazards.

2. Objectives

The objectives of the present study is

i. Detailed analysis of sediment characteristic in different
lithological units along the Ghaghara River.

ii. Examine the sedimentary structures to interpret palaeo
depositional environments.

iii. To develop a relation between sediment characteristics
and lateral erosion, flooding risks.

iv. Recommendations for effective riverbank stabilization
and flood risk management.

2008-8779[https://doi.org/10.57647/j.ijes.2025.16950]


https://doi.org/10.57647/j.ijes.2025.16950

Gautam et al.

3. Study area

The study area is located in the Central Ganga Plain, Ay-
odhya, Uttar Pradesh (Fig. 1). A 196 cm high cliff sec-
tion was analysed at 26°48'2” N latitude and 82°13/28”
E longitude, on right bank of the Ghaghara River on up-
land terrace surface T, to prepare the litholog and also
to collect the samples for facies analysis. The Ghaghara
Plain is essentially composed of quaternary alluvium (Singh,
1996; Singh and Singh, 2005), which is mainly comprised
of loose and unconsolidated sediments consisting of Sand,
Silt, and Muddy-Sandy sequences (Gautam, 2023a). These
sediments sequence deposited by various river systems de-
veloped under variable climatic conditions (Singh et al.,
2009). Slope existing towards NW-SE direction (Kumar
et al., 2018; Gautam et al., 2020; Gautam et al., 2023). The
study area experiences a humid subtropical climate. The
temperature ranges from 2 °C to 20 °C in winter and 30 °C
to 47 °C during summer, respectively. The area receives
maximum annual rainfall 80 to 160 cm (Jain and Sinha,
2003) during the monsoon season (June-September). Winds
are mostly light and only a little stronger in the summer and
monsoon seasons.

3.1 Geomorphic setting

The study area is situated at spans part of rivers as;
Ghaghara, Sarju, and Tedhi interfluves regions. Satellite
data show the general geomorphology of the area (Fig. 2 a).
Cross-section along A-A’ shows the channel incision and
raised interfluve areas in which abandoned channels belts
and alluvial ridges (Fig. 2 b). The Upland terrace surface
(T») is the oldest geomorphic surface and is made up of the
older alluvium. River valley terrace surface (T) consists of
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younger alluvium. This surface is prone to flooding during
the high discharge period. The active floodplain surface
(Tp) is the youngest geomorphic surface of the Ghaghara
River basin (Singh, 1996; Srivastava et al., 2003a). Various
researchers use subsurface data from the Ganga Plain to
accurately understand the basement structure, as well as the
dynamic characteristics of the sedimentary layers, includ-
ing significant ridges and basins (Sastri et al., 1971; Rao,
1973; Raiverman and Raman, 1971; Lyon-Caen and Molnar,
1985; Singh, 1996).

3.2 Hydrological setting

The current study region is comprising the Ghaghara River
and its tributaries, including the Sarju, Tedhi, Kuwana,
Rapti, Chhoti Gandak, along with other water bodies such
as minor channels, oxbow lakes, meander cutoffs, and pond-
s/lakes. The Ghaghara River experiences active flow during
the monsoon season, leading to a steady increase in channel
runoff. As a result, the river receives the majority of its wa-
ter budget during this period. The average annual discharge
is approximately 2993 m?/s (Jain and Sinha, 2003).

4. Methodology

To identify the facies, sediment samples were taken from a
prepared two-dimensional litholog of at 196 cm high cliff
section from the upland terrace surface (T;), which was
exposed at Ayodhya Ghat, Uttar Pradesh. Stratigraphic
columns are primarily used to display the sequence of
lithologies and the true thickness of consistent sediment
layers (Fig. 3). These columns are valuable for illustrating
the repetition of beds, grading sequences, types of deposi-
tional environments, and for making stratigraphic correla-
tions between different lithologic successions. Record the
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Figure 1. The map shows subsurface geology and tectonic framework of the upper and middle Ganga basin (after Singh (1996)).
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Figure 2. (a) Satellite data show the geomorphological features of the
area, (b) Cross-section along A-A’ shows the channel incision and raised
interfluve areas (Srivastava et al., 2003a).

thickness, color, texture, and composition of each layer has
identify on the site. The paleosols were classified according
to their color and grain-size composition.

4.1 Lithological units

The 196 cm high litholog (Fig. 3) was prepared in the field.
It describes that the basal unit is 24 cm thick mud layer
which is underlain by 9 cm thick fine sand unit. This fine
sand unit (9 cm) is overlain by 16 cm thick mud layer,
which is followed by an 18 cm thick cross bedded fine sand
unit. The cross bedded fine sand unit is overlain by 10 cm
thick mud layer and followed by a 3 cm sand and 10 cm
thick mud unit. The top unit is mainly composed of 81 cm
thick silt unit and it is overlain by 25 cm thick soil material
with a mixture of plant/ root material. Various sedimentary
structures such as massive bedding (in silty unit), planar
cross-bedding (in sandy unit) and trough cross-bedding (in
sandy unit) and parallel lamination (in mud layer) were
identified in the litholog section (Fig. 3) at different depths.
Moreover, individual litho-facies have been identified on
the basis of sediment variation in colour, contacts with units,
and sedimentary structures.
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5. Results and discussion

The study is mainly divided into two parts: Facies analysis
and Sedimentary structure (Table 1).

5.1 Facies analysis

The present facies analysis is based on sedimentological
data collected from selected stratigraphic litholog on the
Upland terrace surface of the Ghaghara River.

5.1.1 Facies I: Paleosol unit

The Paleosol facies are present at the top of the litholog
between O to 25 cm. It includes two sub-units: Paleosol
facies (Fp 1) and Paleosol facies (Fp 2). Paleosol facies
(Fp 1) consist of a pedogenic layer containing organics-rich
plant material, nodules, concretions, roots, burrows, and
sandy silt (Fig. 3). It is overlain by massive siltstone (Fs I).
This unit was formed in a suspension setting and evolved
under high-energy conditions. Paleosol facies (Fp 2) are
depicted at the top of the litholog. The uppermost part is 5
cm thick, brown, organically-rich plant material, massive
pedogenic.

It is overlain by the Paleosol unit (Fp 1). The sedimentary
structure developed in these facies is massive pedogenic
and evolved in suspension settings. This unit was devel-
oped in high energy conditions and degree of transportation
(Fig. 3). The Paleosol facies (Fp 2) is situated at the top of
the lithology. Its uppermost part measures 5 cm in thickness
and consists of brown, organics-rich plant material with a
massive pedogenic structure. It is overlain by the Paleosol
unit (Fp 1). The sedimentary structure is characterized by
massive pedogenic features and evolved in a suspension
setting. This unit was formed under high-energy conditions
(Fig. 3).

In fluvial sequences, the development of a fully formed,
mature paleosol indicates an extended interruption in the
stratigraphic record, limited space for sediment accumula-
tion, and the creation of surface gaps due to tectonic and
climatic influences, particularly in regions where upstream
factors exert significant control (McCarthy et al., 1998; Mc-
Carthy and Plint, 2003; Blum and Tornqvist, 2000; Plint
et al., 2001; Demko et al., 2004; Rhee, 2006; Catuneanu
et al., 2009).

5.1.2 Facies II: Silty unit

The silty facies, are present between 25 to 106 and are char-
acterized by a yellowish-white, massive granular layer, dry
material composed of well-sorted fine sand and silt. This
layer exhibits either massive or faint lamination. This silt
unit is positioned below a pedogenic unit (Fp 1) and above
a sand unit (Fs 3). This layer developed under high-energy
conditions, with fluctuating rates of transportation, ranging
from high to low. Silt units indicate prolonged periods of
relatively low to moderate energy within the depositional en-
vironments, characterized by fluctuating energy conditions
(Singh et al., 2022) (Fig. 3).

5.1.3 Facies III: Sandy Unit

Sandy facies are present from the middle and lower part of
the litholog and is composed of thick tabular units which are
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Figure 3. The Present figure reflect the litholog and associated litho units.

found alternately in the litholog. These facies are denoted
as Fs 1, Fs 2, and Fs 3 and it consists of 9 cm, 18 cm, and 3
cm, respectively. It consists of yellowish, granular, dry, and
medium to fine-grain sand. The thickness of Sandy facies
(Fs 1) consists of yellowish-white, granular, dry, fine sand
and ranges from 163 to 172 cm. These facies are under-
lain by (Fm 2) and overlain by (Fm 1). These facies are
prominent in the lower part commonly interbedded. The
sandy unit is dominated by low-angle planar cross-bedding
and overlain by very thin laminated mud (Fm 1). This sand
unit (Fs 2) consists of a granular dry fine sand layer and

ranges from 129 to 147 cm. These facies are underlain
by (Fm 3) and overlain by homogeneous mud (Fm 2). It
is mainly yellowish and comprises trough cross-bedding
and mud clast, intergranular and lenticular bedding. The
thickness of Sandy facies (Fs 3) ranges from 116 to 119 cm.
These facies are underlain by (Fm 4) and overlain by (Fm
3).

This unit consists of granular, dry, fine sand. The sandy
unit is dominated by planar cross-bedding. Energy condi-
tions and the degree of transportation rate were very high
(Fig. 3). This unit can be used as a palaeo current indica-
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Table 1. Different facies association in the present study area.
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FACIES I FACIES 1II FACIES III FACIES IV
Depth Paleosol unit Silty unit Sandy unit Mud unit
P (0-25 cm) (25 to 106 cm) (116 to 172 cm) (106 to 196 cm)
. _ Yellowish, white |  Yellowish, granular, Mud is mainly d
Facies Reddish-brown to . ark grey to light grey,
. . . granular and dry dry, and medium to L
characteristic greenish-brown . . smooth, with high
massive layer fine-grain sand .
moisture content
Facies (FP 2) .
(5 cm) Facies (FS 1) Facies (FM 1)
. . (9 cm)
Massive pedogenic and (24 cm)
. . Low-angle planar Co
evolved in suspension . Parallel lamination
. . cross-bedding
setting Facies (FS 1)
Sedimentary Facies (FP 1) (81 cm) Facies (FS 2) Facies (FM 2) Massive
structure (20 cm) Massive or faint (18 cm) (16 cm) homogeneous
Nodules, concretions, lamination Cross-bedded fine sand, | Facies (FM 3) la egr and
roots, burrows, and Trough cross-bedding (10 cm) ler};ticular
s.andy silt, . Facies (FS 3) Facies (FM 4) bedding
Massive pedogenic (3 cm) (10 cm)
Planar cross-bedding
Energy conditions Energy conditions Energy conditions Energy conditions
Depositional and degree of and degree of and degree of and degree of
environment transportation rate transportation rate transportation rate transportation rate
were very high were very high were very high were very low

tor (Singh and Awasthi, 2011b). The sand deposits exhibit
cross-bedding, showcasing transient episodes of intense
energy flux. These occurrences are characterized by short-
lived, intermittent pulses of heightened energy, contributing
to the dynamic sedimentary processes in fluvial environ-
ments (Walker and Cant, 1984).

5.1.4 Facies IV: Mud Unit

It is present in the lower part of the lithounit. These facies
are denoted as Mud facies (Fm 1), Mud facies (Fm 2), Mud
facies (Fm 3) and Mud facies (Fm 4). It consists of 24,
16, 10 and 10 m, respectively, thick tabular units which are
found alternately in the litholog. The mud is mainly dark
grey to light grey, smooth, with high moisture content and
contains a massive homogeneous layer to parallel lamina-
tion. This massive mud is deposited in fluvial overbank
environments (Bridge, 1984; Singh et al., 2001). Energy
conditions was low and the degree of transportation rate

was very low (Fig. 3).

The Mud facies (Fm 1) appear as massive, tabular and very
thin parallel lamination with an overall absence of biogenic
structures and soft-sediment deformation. The thickness of
this facies ranges from 172 cm to 196 cm. These facies lie
in the bottom of the litholog and it is underlain by (Fs 1).
Thin sections of this lithofacies show no distinct porosity
due to higher clay contents. The layer was developed in low
energy conditions and the degree of transportation rate was
very low (Fig. 4). The Facies (Fm 2) is characterized by
very thin parallel laminated dark to light grey massive ho-
mogeneous mud layer. The thickness of these facies ranges
from 147 to 163 cm. These facies are underlain by (Fs 2)
and overlain by (Fs 1). The layer was developed during low
energy conditions and the degree of transport rate was very
low. Deposition of homogeneous mud is often associated
with periods of low flow, where suspended sediment settles
out of suspension due to reduced hydraulic energy.

Planner bed

Bed top level

= e ———
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Figure 4. A planar bed, with planar internal lamination.
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The Facies (Fm 3) is characterized by very thin parallel
laminated dark to light grey massive homogeneous mud
layer. The thickness of this facies ranges from 119 to 129
cm. These facies are underlain by (Fs 3) and overlain by
(Fs 2). The layer was formed during low energy conditions
and the degree of transport rate was very low.

The Facies (Fm 4) is characterized by very thin parallel lam-
inated dark to light grey mud. The thickness of this facies
ranges from 106 to 116 cm. These facies are underlain by
massive siltstone (Fs 1) and overlain by Sand unit (Fs 3). It
is generally dark grey and massive homogeneous layer. It
represents the lowest-energy conditions within the succes-
sion. It is interpreted to have been deposited mainly from
suspension. The layer evolved in low energy conditions and
the degree of transport rate was very low.

5.2 Sedimentary structures

The sedimentary structures are determined, namely: mas-
sive bedding, parallel lamination, lenticular bedding, trough
cross-bedding and low-angle planar cross-bedding (Fig. 5
and 6).

5.2.1 Massive bedding

Massive bedding is a typical internal structure of beds
(Fig. 3 and 5 a). It ranges from 147 to 163 cm, 119 to 129
cm, and 106 to 116 cm, followed by Fm-2, Fm-3, and Fm-4
in the Mud unit in exposed section (Fig. 5 b, ¢), respectively
(Table 1). Massive bedding is often seen in fine-grained,
low-energy diverse sedimentary environment deposits such

(d)

Flow direction
lff—
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as fluvial channels (Singh et al., 2022). It is most frequently
seen in mud, where sedimentary structures cannot be delin-
eated by textural variations.

5.2.2 Parallel lamination

Parallel lamination serves as a frequent internal structure
within beds (Fig. 3 and 5 a). It ranges between 172 cm
to 196 followed by Fm-1 in the Mud unit (Fig. 5a and d),
t, respectively (Table 1). Laminated and peaty mudstone
indicates the declining phase of river flooding and the for-
mation of swamp deposits, suggesting sedimentation on the
floodplain (Miall, 2000). A prevalent superficial structure
is flat or horizontal bedding, aligning parallel to the major
bedding surface.

5.2.3 Lenticular bedding

Lenticular bedding is a common internal structure of beds
(Fig. 6 a). It ranges between 119 to 129 cm followed by
Fm-3 in the Mud unit (Fig. 6 a and b), respectively (Table 1).
This structure is associated with the Mud unit. Lenticular
bedding is where mud dominates and the cross-laminated
sand occurs in lenses (Fig. 7). They are common forms in
relatively low-energy environments. The angular to the sub-
angular shape of mud clasts suggests that the sediments are
immature and have not been transported over long distances
(Reineck and Singh, 1980).

106

116
119 1

129

147 1

Depth (cm)

163

172

196

Figure 5. (a) Field photograph of the lithological succession (196 cm), (b) Laminated dark mud with clasts, intergranular sand, (c) Parallel laminated dark

homogenous mud layer, (d) Parallel laminated dark homogenous mud layer.
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Figure 6. (a) Field photographs of the lithological succession (196 cm), (b) Clasts eye structure, intergranular and lenticular bedding, (c) Trough

cross-bedding and (d) Low angle planer cross-bedding.

5.2.4 Trough cross-bedding

Trough cross-bedding is a common internal structure of
beds (Singh and Singh, 2005). It is associate with Fs-2
facies and range from 129 to 147 cm (Fig. 6 a and 6 c), and
Table 1). In trough cross-bedding, upward concave fore
set lie within erosion scours, which are elongated parallel
to current flow, closed up current and truncated down cur-
rent by other troughs. Trough cross-beds develop in areas

where there are higher flow intensities (Rubin, 1987), this
erosion at the base of transverse bedforms’ slip slopes is
caused by higher flow velocities (Pettijohn et al., 1987). The
trough cross-bedding consists of a scoop-shaped or cylin-
drical depression filled with curved foreset layers. These
layers follow the contour of the trough, and both the trough
axis and the crescent-shaped fill layers align parallel to the
primary flow direction in the local area (Trexler and Cash-
man, 1990). The trough-shaped basal scour surfaces define

2008-8779[https://doi.org/10.57647/j.ijes.2025.16950]


https://doi.org/10.57647/j.ijes.2025.16950

Gautam et al.

IJES17 (2025)-172529 9/14

Flaw direstinn
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Figure 7. Clasts eye structure, intergranular and lenticular mud clasts associated within sand layer.

the boundaries of sedimentary units and typically exhibit a
shallow dip ranging from 0° to 15° tends in the direction of
sediment transport (Rider, 1996).

5.2.5 Low-angle planar cross-bedding

The low-angle planer cross-bedded facies are vertically sur-
rounded by a mud layer and horizontally extend in very fine
sand (9 cm) thick horizons (Fig. 6 a and 6 d). It ranges from
163 to 172 cm followed by Fs-1 facies (Table 1). This is
a very common facies of channel bar deposits and the dip
of the inclined laminae is usually 8-12° (Singh and Singh,
2005). Low-angle planar cross-bedding in the Ghaghara
Plain is influenced by factors such as variations in sediment
supply, seasonal changes in flow dynamics, and the geo-
morphological evolution of the river channel (Raj, 1994).
Low-angle planar cross-bedding is a common internal struc-
ture of beds where the planar fore set is bounded above and
below by sub-parallel sub-horizontal boundaries (Shukla,
2009). Fine to medium-grained sandstone showing planar
cross-stratification and ripple cross lamination with erosive
basal surface represent channel deposits (Miall, 2006).

6. Implications of the study

Different layers of sandy, silt, and mud facies in lithlog re-
flect that these uneven sediment deposits are responsible for
lateral erosion along the Ghaghara River (Fig. 8). Due to the
presence unconsolidated sediments, the river leads to bank
instability and potential lateral erosion during low discharge
periods in the pre- and post-monsoon seasons. Flooding is

also likely to occur during high discharge periods due to the
overflow of river water during the monsoon season.

The incidence of flooding is frequent in eastern Uttar
Pradesh, which is broadly the result of spilling of rivers
such as Kuwana, Rapti, Chhoti Gandak, Ghaghara, and
Great Gandak (Singh, 2007). Stream bank erosion is be-
lieved to be caused by flooding, with erosion being more
severe on sandy soils than on silty soils (Geyer et al., 2003).
Singh et al. (2010) have conducted significant research on
the lateral erosion of river channels in the mountain-fed
rivers across various parts of the Ganga Plain. The region
experiences flooding during periods of high-water flow in
the monsoon season and is subject to lateral erosion during
periods of low water flow in the pre- and post-monsoon sea-
sons (Singh and Awasthi, 2011b). It is concluded that the
rising frequency of disasters signifies unsustainable develop-
ment. In most cases, humans are responsible for river-borne
disasters. As population increases, people have begun to
inhabit the river’s danger zones. This renders lateral erosion
a devastating hazard (Singh and Awasthi, 2011b; Roy et al.,
2011).

7. Mitigation

The presence of sand, silt, and mud facies along riverbanks
can make these areas susceptible to erosion during various
flow conditions. Erosion of these sediments can lead to the
widening of the river channel and the shifting of the river’s
course, contributing to lateral erosion. Effective riverbank
stabilization measures and erosion control strategies are
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Figure 8. Field photographs showing lateral erosion near (a) Lateral erosion towards left valley side at Manjha kala (Faizabad), (b) Sand and sediment
deposition towards right valley side at Pitapur (Faizabad), (c) Lateral erosion near Veuda Manjha (Faizabad) towards right valley side.

often necessary in areas with these sediment types to miti-
gate the risk of lateral erosion and protect infrastructure and
ecosystems along riverbanks. Managing lateral erosion in
areas with sandy, silt, and mud facies often involves a combi-
nation of strategies, including bank stabilization techniques
(e.g., riprap, vegetation planting), floodplain management,
and channel restoration. These efforts aim to reduce the
vulnerability of the riverbanks to erosion, protect infrastruc-
ture, and minimize the environmental impacts associated
with lateral erosion. Understanding the geological and sed-
imentary characteristics of a river’s banks is essential for
effective erosion control and management.

8. Significance of the study

This study provides a detailed analysis of the lithological
units and sedimentary structures along the Ghaghara River,
revealing distinct facies including Paleosol, Silty, Sandy,
and Mud units. The facies analysis indicates varying en-
ergy conditions and transport rates, which contribute to
understanding the river’s depositional history and sedimen-

tary processes. Identifying sedimentary structures such as
massive bedding, cross-bedding, and lamination enhances
insights into historical environmental conditions and sedi-
ment dynamics. The research highlights the significant role
of these sediments in influencing lateral erosion and flood
risks, underscoring the need for effective erosion control
and flood management strategies. Ultimately, this study sup-
ports the development of sustainable practices to mitigate
riverbank instability and safeguard both infrastructure and
ecosystems.

Future research should prioritize several key areas to en-
hance our understanding of sediment dynamics and river-
bank stability. First, implementing long-term monitoring
programs is essential for observing changes in sediment de-
position and erosion over time. This approach will provide
insights into the effects of seasonal and climatic variations
on sedimentary processes. Additionally, investigating the
impacts of climate change on sediment dynamics, river dis-
charge, and flood frequencies is crucial for predicting and
managing future risks effectively. Another important focus
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should be exploring the role of riparian vegetation in stabiliz-
ing riverbanks and mitigating erosion. Understanding how
different types of vegetation contribute to erosion control
can help in integrating effective strategies into river manage-
ment practices. Developing advanced models to simulate
sediment transport and deposition under various flow condi-
tions is also necessary to improve predictive accuracy and
enhance our ability to manage sediment-related challenges.
Lastly, assessing the effects of human activities—such as
land use changes, construction, and deforestation-on sedi-
ment dynamics and riverbank stability will provide valuable
insights for promoting sustainable land management prac-
tices. Addressing these research areas will contribute sig-
nificantly to better managing river systems and mitigating
the risks associated with sedimentation and erosion.

9. Conclusion

- The current work incorporates the study of facies analysis
and sedimentary structure of exposed outcrop (Clift section)
on the Upland terrace surface (T,) along the Ghaghara
River in the Central Ganga Plain of India which shows a
braided channel pattern flowing within the valley, and help
to interpret the depositional environment.

- The facies are the Paleosol unit (Facies I), Silty unit
(Facies II), and Sandy unit (Facies III), which show high
energy conditions and high degree of transport rate while
the Mud unit (Facies IV), shows low energy conditions and
low degree of transport rate.

- In this study, sedimentary structures such as massive
bedding (in silty unit), planar cross-bedding and trough
cross-bedding (in sandy unit), and parallel lamination (in
mud unit) were identified in the litholog section.

- The sandy, silt and mud facies have been identified as an
erosion factor that causes lateral erosion along the river
banks. These sediment types play a role in the erosional
processes that affect riverbanks and can exacerbate the
lateral shifting of river channels.

- Understanding and managing lateral erosion is crucial
for mitigating the risks associated with these related
hazards and protecting both human communities and the
environment.
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