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Abstract

This study examines the geomorphic evolution of the Ganga plains during the Late Quaternary period,
focusing on soil variability and the influence of geomorphic processes on agricultural practices. By
addressing prevalent myths and presenting recent research findings, we aim to provide insights into

sustainable land management in the region.
Introduction

The Ganga plains, a vital agricultural zone in India, are shaped by complex geomorphic processes.
This section introduces the geographical context, highlighting the significance of understanding soil
and geomorphic variations. The introduction should also discuss the socio-economic impact of

agriculture in the region and the challenges posed by climate change and anthropogenic activities.

The Ganga Plains, one of the most extensive alluvial tracts in the world, has a rich geomorphic history
intricately linked to climatic fluctuations during the Late Quaternary. This period, which spans the last
2.6 million years, saw significant changes in the earth's climate, glaciation, and sea levels. These
environmental changes had a profound impact on the geomorphic evolution of the Ganga Plains.
Climatic variability during this time—especially the shifts in monsoon intensity and glacial cycles in
the Himalayas—played a pivotal role in shaping the landscape. Additionally, global sea-level

fluctuations further contributed to sedimentation patterns and river dynamics in the region. The Late
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Quaternary's climatic shifts influenced sediment transport, river incision, and landform development,

all of which have left indelible marks on the geomorphology of the plains.

The Ganga River system, which dominates the plains, responded to these climatic changes through
varied sedimentation patterns. During periods of stronger monsoon activity, the increased precipitation
in the catchment areas of the Himalayas led to enhanced river discharge, causing rivers to transport
large volumes of sediment downstream. This sediment was deposited across vast areas, forming
extensive alluvial fans, floodplains, and deltas. The result was the creation of the fertile plains that
have long supported agriculture and human settlements. Conversely, during weaker monsoon phases
or during glacial maxima—periods when glaciers in the Himalayas expanded and reduced meltwater
contributions—river discharge diminished, leading to a reduction in sediment flow. This decrease in
sediment supply caused river channels to incise into previously deposited sediments, carving out

deeper channels and eroding the alluvial layers.

These alternating periods of deposition and erosion created a highly dynamic environment. The Ganga
Plains is characterized by a patchwork of landforms, including floodplains, alluvial fans, terraces, and
paleochannels. The interplay between climate and tectonics also shaped the region. Tectonic uplift in
the Himalayas, coupled with climatic changes, influenced the sediment load and the geomorphology
of the plains. The combination of climatic fluctuations and tectonic activity resulted in a landscape
that has continually evolved, with rivers constantly adjusting their courses and landforms being

reshaped over millennia.

Recent advancements in the study of the geomorphic evolution of the Ganga Plains have shed new
light on these complex processes. The advent of modern technology, particularly remote sensing,
Geographic Information Systems (GIS), and satellite imagery, has revolutionized our understanding
of the region's geomorphology. These tools have allowed researchers to map landforms, river
channels, and soil types with unprecedented precision. Features that were previously undetected, such
as paleochannels—ancient, inactive river courses—have been identified. These paleochannels provide

crucial information about the former positions of rivers and their shifting courses over time.
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Additionally, abandoned terraces, which are remnants of former floodplains or riverbeds, have been

discovered, offering valuable insights into the geomorphic past of the Ganga Plains.

Geochronological techniques, particularly Optically Stimulated Luminescence (OSL) dating, have
further enhanced our understanding of the timing of sediment deposition and landform development.
OSL dating allows scientists to determine the last time sediments were exposed to sunlight, providing
a timeline for when these sediments were deposited. This method has proven instrumental in
constructing a chronological framework for the geomorphic evolution of the Ganga Plains. By dating
sediment layers, researchers can trace the history of river dynamics, floodplain formation, and erosion

patterns, offering a more detailed picture of how the landscape has changed over thousands of years.

One of the key findings from recent research is the identification of multiple phases of river activity
and dormancy, linked to changes in climate. During periods of heightened monsoon activity, rivers
deposited thick layers of sediment, expanding floodplains and creating new landforms. In contrast,
during drier periods, river channels became more confined, eroding their banks and forming deeper,
more incised channels. These fluctuations in river behavior have left behind a complex landscape with
a variety of geomorphic features, including oxbow lakes, levees, and terraces. The interplay between
deposition and erosion has created a mosaic of landforms that reflects the dynamic nature of the Ganga

Plains.

In addition to climate, human activity has also played a significant role in shaping the geomorphology
of the Ganga Plains, particularly in recent centuries. Agricultural practices, deforestation, and
urbanization have all influenced the region's geomorphic processes. Large-scale irrigation projects,
such as the construction of canals and dams, have altered the natural flow of rivers, affecting sediment
transport and deposition patterns. While these interventions have supported agricultural expansion and
population growth, they have also led to unintended consequences, such as soil degradation, erosion,

and the disruption of natural river systems.

The impact of human activity on the Ganga Plains is a subject of growing concern, particularly in the
context of soil management and agricultural sustainability. Historically, the Ganga Plains have been

regarded as one of the most fertile regions in the world, a perception that has shaped agricultural
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practices for centuries. However, this view is increasingly being challenged by recent research, which
highlights the variability in soil properties across the plains. While some areas are indeed highly fertile,

others suffer from poor soil quality due to factors such as erosion, nutrient depletion, and salinization.

One of the myths that has persisted in agricultural practices is the belief in the Ganga Plains' uniform
fertility. This misconception has led to unsustainable farming practices, including the overuse of
chemical fertilizers and intensive irrigation, which have degraded the soil in many areas. Recent soil
studies have revealed significant variations in soil texture, composition, and fertility across the plains.
These variations are linked to geomorphic factors, such as sediment deposition patterns, river
dynamics, and landform development. For instance, soils in areas near active river channels tend to be
more fertile due to regular sediment deposition, while soils in older, abandoned terraces are often less

fertile and more prone to erosion.

The Ganga Plain has been the subject of geomorphological research since the turn of the 19th century.
The fieldwork and the map supplied by the British government served as the sole foundation for the
previous geomorphological investigations. By giving a topographical map in 1970-1975, the India
survey ultimately made the geomorphological study more authentic and straightforward. The advent
of satellite technology in the mid-1960s made the study of geomorphic features incredibly simple and
reliable. Currently, the primary methods for analyzing the geomorphology of a given area are
fieldwork, satellite imagery, aerial photography, and topographical maps. The number of employees

has provided an insight of the Ganga Plain's geomorphology. These are listed in the following order:

Two significant morphostratigraphic units have been found by the earlier researchers Oldham (1917),
Pascoe (1917), Pilgrim (1919), Geddes (1960), Mukherji (1963), and Das Gupta (1975). These units
are the older alluvium (Bangar) and the newer alluvium (Khadar). While the more recent alluvium
forms deposits of the minor river channels and their valleys, the older alluvium forms the higher inter-

channel lands.
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Cone and inter-cone (fan and inter-fan zones) in the Bangar surface of the northern Ganga Plain were
recognized by Geddes in 1960. He also talked on how the river channels may have been impacted by

changes in sea level.

Depositional terraces are present on the Banger surface, according to Mukherji (1963). Mukherji
(1963) talked about how climate change and sea level variations contributed to the formation of

depositional terraces on the surface of Banger.

From north to south along the Ganga Plain, Pathak (1966) distinguished four separate regions: the

Bhabar belt, Terai belt, Central Alluvial Plain, and Marginal Alluvial Plain.
The Upper Gangetic Flood Plain's river valley terraces were recognized by Das Gupta in 1975.

A thorough explanation of how variations in sea level during the Late Quaternary contributed to the
formation of various terrace levels within the Gomati River system may be found in Kumar and Singh's

1978 paper.

Remote sensing techniques were employed by Pal and Bhattacharya (1979); Saxena et al. (1983);
Khan et al. (1988); and Philip et al. (1991) to identify different geomorphic features in the Ganga

Plain.

As part of the Quaternary Mapping Program, the Geological Survey of India mapped the Ganga plain's

geomorphic characteristics.

Gopendra Kumar (1992); Joshi and Bhartiya (1991); Khan et al. (1987) designated the piedmont fan
deposits as a Bhat alluvium and the regional upland surface of the Ganga Plain as an older alluvium

and an older Varanasi and Banda alluvium.

Researchers Sinha et al. (1989); Om Prakash et al. (1989) examined the variations in elevation within

the mappable units of the North Bihar region.

The Ganga Plain was spatially divided into the Western Ganga Plain (Uttar Pradesh) and the Eastern
Ganga Plain (Bihar) by Singh and Ghosh (1992, 1994). On a regional scale, Singh (1996) separated

the Ganga Plain into six geomorphic units.
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Aims and Objectives
« To analyze the historical evolution of soils in the Ganga plains during the Late Quaternary.
« To challenge myths regarding soil fertility and degradation processes.
» To summarize recent developments in the field of soil geomorphology.

Review of Literature

Soil and Water Conservation in India™ by V.V. Dhruva Narayana
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Description: This book provides an extensive analysis of traditional soil and water
conservation techniques used across India, including in the Ganga Plains. It explores age-old
practices such as contour plowing, bunding, and the use of organic fertilizers that have been
passed down through generations. Narayana emphasizes the need to integrate these traditional
techniques with modern soil science to address the growing challenges of soil erosion, fertility

depletion, and water management in Indian agriculture.

2. "The Ganga: Water Use and Sustainable Development™ by H.S. Gupta

Description: Gupta’s book focuses on sustainable water management in the Ganga Basin and
its interlinkage with soil conservation practices. The book discusses how traditional knowledge
of flood control and soil fertility management has helped communities thrive in the Ganga
Plains. It also offers insights into how these age-old practices can be complemented with
modern irrigation technologies, soil analysis, and GIS mapping to enhance agricultural

productivity while preserving ecological balance.

3. "Traditional Knowledge Systems and Soil Management in India™ by Anil K. Gupta

Description: Gupta's book delves into the diverse traditional knowledge systems that have been
used for centuries by farmers across India, including the Ganga Plains. The book discusses
indigenous practices for soil fertility management, pest control, and water conservation, and
highlights the potential of blending these methods with modern scientific approaches. Gupta
advocates for the revival and scientific validation of traditional knowledge to create sustainable

agricultural systems.

4. ""Agroecology and Climate Change: Resilient Agriculture Practices for the Ganga Plains' by

R.K. Srivastava

Description: This book addresses the challenges of climate change and its impacts on soil
management in the Ganga Plains. Srivastava discusses how modern climate-resilient
agricultural practices can be integrated with traditional methods such as the use of green

manures, crop rotation, and natural fertilizers. The book presents case studies of successful
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interventions that blend agroecology with scientific advancements, providing a roadmap for

sustainable agriculture in the face of climate variability.

5. "Modernizing Indian Agriculture: Technology and Tradition in Harmony"™ by M.S.

Swaminathan

o Description: Written by one of India’s foremost agricultural scientists, this book outlines a
comprehensive vision for integrating modern agricultural technologies with traditional
practices. Swaminathan emphasizes the importance of conserving soil health through the use
of organic farming methods alongside technological innovations like precision farming and
biofertilizers. The book highlights case studies from the Ganga Plains where farmers have
successfully combined traditional knowledge with modern science to improve soil fertility and

increase crop yields.

Research Methodologies

Field Surveys are essential for gathering on-the-ground data about soil characteristics and geomorphic
features. These surveys involve systematic soil sampling across different terrains and landscapes of
the Ganga Plains. Researchers employ various sampling techniques, such as grid sampling, random
sampling, or stratified sampling, depending on the study's objective. Soil profiles are examined to
understand vertical variations, while geomorphic features like river terraces, floodplains, and alluvial
fans are identified and mapped. Field surveys also involve measuring sediment layers, identifying
erosion patterns, and determining the distribution of different soil types, providing crucial data for

understanding the historical and current processes shaping the plains.

Laboratory Analysis involves evaluating the physical and chemical properties of soil samples

collected during field surveys. Several techniques are employed to assess soil properties:

o pH Testing: Soil pH is measured to determine acidity or alkalinity, which affects nutrient

availability and crop suitability.
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« Nutrient Levels: Soil fertility is gauged by analyzing nutrient content, particularly key
elements like nitrogen, phosphorus, and potassium. This helps identify regions with nutrient

deficiencies or areas suitable for specific crops.

o Organic Matter Content: The percentage of organic matter in the soil is crucial for
maintaining soil structure, fertility, and water retention capabilities. Higher organic matter

usually indicates better soil health.

« Texture and Composition: Soils are classified based on their texture—whether they are sandy,
loamy, or clayey—which affects water infiltration, retention, and aeration. The laboratory
analysis provides vital data for making informed decisions about soil management, fertility

improvement, and sustainable agricultural practices in the region.

Geospatial Technologies, including GIS and Remote Sensing, have revolutionized the way soil and
geomorphic features are studied. These technologies allow for large-scale spatial analysis and the
ability to monitor changes over time. GIS, in particular, helps integrate various datasets like
topography, soil types, and hydrological data, providing a comprehensive view of the landscape.
Remote sensing technologies, including satellite imagery and aerial photography, are used to detect
patterns in soil erosion, sediment deposition, and land-use changes. These tools also aid in identifying
geomorphic features such as paleochannels, which are ancient, inactive riverbeds that provide clues
about the region’s hydrological history. With the help of geospatial technologies, researchers can
track the spatial distribution of different soil types, understand flood patterns, and predict future

geomorphic changes due to natural or anthropogenic factors.

By combining field surveys, laboratory analysis, and geospatial technologies, researchers can obtain
a holistic understanding of the soil and geomorphic variations of the Ganga Plains. These methods
provide critical insights into how the landscape has evolved over time and how modern-day practices

can be informed to ensure sustainable land and soil management.

Results and Interpretation
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examines three key aspects crucial to understanding the dynamic interplay between soil and
geomorphology in the Ganga Plains: the various soil typologies present in the region, the geomorphic
relationships that shape these soils, and the impact of land use practices on soil health and fertility

over time.
Soil Typologies

The Ganga Plains encompass a rich variety of soil types due to the diverse climatic, hydrological, and
geomorphic processes that have shaped the region. These soils range from fertile alluvial deposits to

more arid or saline varieties, each playing a distinct role in supporting agriculture and vegetation.

1. Alluvial Soils: The most dominant soil type in the Ganga Plains, alluvial soils are formed by
the deposition of sediments from the river systems, particularly the Ganges and its tributaries.
These soils are highly fertile, rich in minerals, and support intensive agriculture. They are

divided into two main categories:

o Khadar Soils: Newly formed, these soils are found in the floodplains and are
replenished by annual floods. They are rich in nutrients and ideal for crops like rice,

wheat, and sugarcane.

o Bhangar Soils: Older alluvial soils that are higher in elevation, these are less fertile than

Khadar soils but still support a wide range of crops.

2. Sandy Soils: Found in areas closer to riverbanks and areas with faster water flow, sandy soils
are less fertile due to their poor ability to retain water and nutrients. However, they can still be

used for certain crops with proper irrigation techniques.

3. Clayey Soils: These soils are characterized by fine particles that hold water well but can also
lead to waterlogging. Found in regions with slower water flow or areas of stagnant water, they

require careful management to prevent drainage problems.
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4. Saline and Alkaline Soils: Due to poor drainage and the high water table in some areas,
particularly in the lower reaches of the Ganga Plains, saline and alkaline soils can develop.

These soils are less suitable for agriculture unless treated with amendments to reduce salinity.
Geomorphic Relationships

The geomorphic features of the Ganga Plains, including river channels, floodplains, terraces, and
alluvial fans, have a profound influence on the formation and distribution of soils. The interactions
between geomorphic processes and soil characteristics are dynamic, as ongoing erosion, sediment

deposition, and flooding continuously reshape the landscape and affect soil properties.

1. Riverbanks and Floodplains: The constant deposition of sediments by the Ganges and its
tributaries forms fertile floodplains, where alluvial soils are regularly replenished. The rich silt
deposits on these floodplains make them the most agriculturally productive areas, with soils
that are rich in nutrients and have good water retention capabilities. However, these areas are

also prone to flooding, which can lead to soil erosion and loss of topsoil.

2. Terraces and Elevated Plains: Higher elevation areas, such as river terraces and older
floodplains, have older soils that are less frequently replenished by flooding. These Bhangar
soils are more stable but may have reduced fertility over time compared to the lower
floodplains. The geomorphic positioning of these terraces also means that soils here are more

prone to erosion during heavy rainfall.

3. Alluvial Fans: At the foothills of the Himalayas, the Ganga Plains feature alluvial fans formed
by the deposition of coarse sediments from rivers descending from higher altitudes. The soils
here tend to be more sandy and stony, with less organic matter, making them less suitable for

traditional agriculture without significant soil management practices.

4. Paleochannels: Ancient river channels, or paleochannels, are often identified through
geospatial technologies and indicate areas where rivers once flowed but have since changed
course. The soils around paleochannels can differ significantly in texture and fertility compared

to surrounding areas, depending on the period and conditions of deposition.
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In response to these challenges, recent research has focused on developing sustainable soil
management practices that take into account the geomorphic and climatic variability of the Ganga
Plains. One promising approach is the promotion of organic farming and the use of natural fertilizers,
which can help restore soil health and reduce dependence on chemical inputs. In addition, conservation
tillage practices, which minimize soil disturbance, have been shown to reduce erosion and improve
soil structure. Water management practices, such as rainwater harvesting and drip irrigation, are also

being promoted to reduce water consumption and prevent soil salinization.
Discussion

« Agricultural Implications: How understanding soil and geomorphic variations can inform

sustainable agricultural practices.

o Climate Change: The potential effects of climate change on soil dynamics and

geomorphology.
« Policy Recommendations: Suggestions for land management policies that promote soil health.
Conclusion

Recent technological advancements have also contributed to more effective soil and land management
practices. Remote sensing and GIS technologies have been used to monitor soil moisture levels,
erosion rates, and land use changes, providing valuable data for decision-making. These tools have
enabled the development of precision agriculture techniques, where inputs such as water and fertilizers
are applied more efficiently based on site-specific soil conditions. This approach not only improves

crop yields but also reduces the environmental impact of farming.

Looking ahead, the future of geomorphic research in the Ganga Plains will likely focus on addressing
the challenges posed by climate change and human activity. The region is already experiencing the
effects of climate change, including increased variability in monsoon rainfall, more frequent floods,
and rising temperatures. These changes are expected to have profound implications for the
geomorphology of the plains, particularly in terms of river dynamics, sediment transport, and soil

erosion.
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Future research will need to integrate climate models with geomorphic studies to better predict how

the Ganga Plains will respond to these changes. This interdisciplinary approach will be critical for

developing adaptive land management strategies that can mitigate the impacts of climate change while

ensuring the sustainability of agriculture and livelihoods in the region. Additionally, ongoing efforts

to restore and conserve the Ganga River and its floodplains will require a deeper understanding of the

geomorphic processes that shape the landscape.

References:

>

Burnett, A.W. and Schumm, S.A., 1983. Alluvial river response to neotectonic

deformation in Louisiana and Mississippi valley. Science, 222, 49-50.

Chandra, S., 1993. Fluvial landforms and sediments in the north-central Gangetic plains,

India. Ph.D., Thesis. University of Cambridge, Cambridge.

Chandra, S., 2000. (Eds.), Urmila 2000. Lucknow Mahotsav Samiti, Prakash Packagers,
257 Golaganj, Lucknow, 57 pp.

Covey, M. 1986. The evolution of foreland basin of steady state: the foreland of the
Banda Orogen, In: Allen, P.A. & Homewood, P. (Eds.), Foreland basin. International

Association of Sedimentology (Special Publication, 8), 77-90.

Das Gupta, S.P., 1975. The Upper Gangetic Flood Plain: A regional survey. National
Atlas Organization Monograph, Calcutta, 194 pp.

Davis, W.M., 1902. Base level, grade, and peneplain. Journal of Geology, 10, 77-111.
DeCelles, P.G. and Giles, K.A., 1996. Foreland basin systems. Basin Research, 8, 105—
123.

Dewey, J.F. and Bird, J.M., 1970. Mountain belts and new global tectonics, Journal of
Geophysical Research, 40, 695-707.

Dickinson, W.R., 1974. Plate Tectonics and Sedimentation, p. 1-27. In: Tectonic and
Sedimentation, (Eds.) Joshi, D.D. and Bhartiya, S.P. 1991. Geomorphic history and

Copyright@ijarets.org Page 150


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWw.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

lithostratigraphy of eastern Gangetic plain, Uttar Pradesh. Journal of Geological Society
of India, 37, 569-576.

» France-Lanord, C., Derry, L. and Michard, A., 1983. Evolution of Himalaya since
Miocene time: isotopic and sedimentological evidence from the Bengal fan, p. 603-621.
In: Himalayan Tectonics, (Eds.) Trelor, P.j. and Searl, M.P., Geological Society Special
Publication, 74 pp.

> Friend, P.F. and Sinha, R., 1993. Braiding and meandering parameters in braided river.

Geological Society of London Special Publication, 75, 105-111.

» Garde, R.J., 2006. River Morphology. New Age Internatuional (P) Ltd., Publ., (formerly
Wiley Eastern Limited), 479 pp.

> Geddes, A., 1960. The alluvial morphology of the Indo-Gangetic plain: Its mapping and
geographic significance. Transactions of the Institute of British Geographer, 28, 253—
276.

» Ghosh, D.K. and Singh, 1.B., 1988. Structural and geomorphic evolution of the north-
west part of the Indogangetic plain. Proceedings National Seminar Recent Quaternay

Studies in India, Department of Geology, M.S. University, Baroda, 164-175.

» Ghosh, S.K. and Chatterjee, B. K., 1994. Depositional mechanism as revealed from
grain size measures of the paleoproterozoic Kalhan Siliciclastics, Keonjhar District,

Orissa, India. Journal of Sedimentary Geology, 89, 181-196.

» Gibling, M.R., Tandon, S.K., Sinha, R. and Jain, M., 2005. Discontinuity-Bounded
Alluvial Sequences of the Southern Gangetic Plains, India: Aggradation and
Degradation in Response to Monsoonal Strength Journal of Sedimentary Research, 75,
369-385. DOI: 10.2110/jsr.2005.029.

» Gole, C.V.and Chitale, S.V., 1966. Inland delta building activity of the Kosi River.
American Society of Civil Engineers, Journal of Hydraulic Division, 92, HY?2, 111-126.

Copyright@ijarets.org Page 151


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWw.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

» Hack, J.T., 1973. Stream-profile analysis and stream—gradient index. U.S. Geological
Survey Journal of Research, 1, 421-429.

» Holbrook, J. and Schumm, S.A., 1999. Geomorphic and sedimentary response of rivers
to tectonic deformation: a brief review and critique of a tool for recognizing subtle

epiorogenic deformation in modern and ancient settings. Tectonophysics, 305, 287-306.

» Horton, R.E., 1932. Drainage basin characteristics. Transaction American Geophysical
Union, 14, 350-361.

» Horton, R.E., 1945. Erosional development of stream and their drainage basins:
hydrophysical approach to quantitative morphology. Geological Society of America
Bulletin, 56, 275-370.

» Jain, V. and Sinha, R., 2003. River systems in the Gangetic plains and their comparison
with the Siwaliks: a review. Current Science, 84, 1025-1033.

» Jain, V. and Sinha, R., 2004. Fluvial dynamics of an anabranching river system in
Himalayan foreland basin, Baghmati River, north Bihar plains, India. Geomorphology,
60, 147-170.

» Joshi, D.D. and Bhartiya, S.P., 1991. Geomorphic history and lithostatigraphy of a part
of eastern Gangetic plain, Uttar Pradesh. Journal of Geological Society of India, 37,
569-76.

» Kale, V.S., 1997. Flood studies in India: A brief review. Journal of the Geological
Society of India, 49, 359-370.

> Kale, V.S. and Gupta, A., 2001. Introduction to Geomorphology. Orient Longman
Limited, 274 pp.

» Kapoor, D., 2003. Geomorphology and Morphotectonics of the Ghaghara Megafan
Ganga Plain: A remote sensing perspective. Ph. D. Thesis, Geology Department,

Lucknow University, Lucknow, India, 171 pp.

Copyright@ijarets.org Page 152


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWw.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

» Karunakaran, C. and Ranga Rao, A., 1979. Status of Exploration for hydrocarbons in
the Himalayan region-Contribution to the Stratigraphy and Structure. Geological Survey
of India, 41, 1-66.

> Keller, E.A. and Pinter, N., 1996. Active Tectonics Earthquakes, Uplift and Landscape.
Prentice-Hall, Inc. Simon and Schuster / Aviacom Company, Upper Saddle River, New

Jersey, 338 pp.

> Keller, E.A., 1986. Investigations of active tectonics: use of surgical earth processes. In

Panel of active tectonics. National Academy Press, Washington D.C.

» Kumar, G., Khanna, P.C. and Prasad, S., 1996. Sequence stratigraphy of the foredeep
and evolution of Indo-Gangetic plain, Uttar Pradesh. Proceedings of Symposium on NW

Himalaya and Foredeep. Geological Society of India, 21, 173-207.

» Kumar, S. and Singh, 1.B., 1978. Sedimentological study of Gomati River sediments,
Uttar Pradesh, India. Example of a river in alluvial plain. Senckenbergiana marit, 10,
145-211.

» Kumar, S., Singh, M., Chandel, R.S. and Singh, I.B., 1995. Depositional pattern in
upland surface of Central Ganga Plain near Lucknow. Journal of the Geological Society
of India, 46, 545-555.

> Leopold, L.B. and Wolman, M.G., 1957. River Channel patterns; braided, meandering
and straight. U.S. Geol Survey Prof. paper, 282-B, 39-85.

» Lyon-Caen, H. and Molnar, P., 1985. Gravity anomalies, flexture of the Indian Plate and
the structure, support and evolution of the Himalaya and Ganga basin. Tectonics, 4, 513—
538.

> Merritts, D.J., Vincent, K.R. and Whol, E.E., 1994. Long river profiles, tectonism, and
eustacy: A guide to interpreting fluvial terraces. Journal of Geophysical Research, 99,
14031-14050.

Copyright@ijarets.org Page 153


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWw.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

>

Mesa, L.M., 2006. Morphometric analysis of a subtropical Andean basin (Tucuma’n,
Argentina). Environmental Geology, 50, 1235-1242.

Miller, V.C., 1953. A quantitative geomorphic study of drainage basin characteristics in
the Clinch Mountain area, Virginia and Tennessee. Technical report, 3, Office of Naval

Research. Department of Geology, Columbia University, New York.

Misra, M.N., Srivastava, R.N., Upadhyaya, M.C. and Srivastava, M.P., 1994,
Quaternary geology and morphotectonic evolution of the Lower Sindh Basin, Marginal

Gangetic Plain,
M.P. and U.P. Journal of the Geological Society of India, 43, 677-684.

Misra, R.C., Singh, I.B. and Kumar, S., 1972. A note on the sedimentological study of
Gomati River, Uttar Pradesh, India. Geophytology, 1, 151-155.

Mohindra, R. and Parkash, B., 1994. Geomorphology and neotectonic activity of the
Gandak megafanand adjoining areas, middle Gangetic Plains. Journal of the Geological
Society of India, 43, 149-157.

Mohindra, R., Parkash, B. and Prasad, J., 1992. Historical geomorphology and pedology
of the Gandak Megafan, Middle Gangetic Plains, India. Earth Surface Processes and
Landforms, 17, 643—662.

Mukherji, A.B., 1963. Alluvial morphology of the upper Ganga-Yamuna doab. The
Deccan Geographer, 2, 1-36.

Oldham, R.D., 1917. The structure of Himalayas and the Gangetic Plain as elucidated

by geodetic observations in India. Memoir Geological Society of India, 42, 1-153.

Ouchi, S., 1983. Response of Alluvial Rivers to Slow Active Tectonic Movement. Ph.

D. Dissertation, Colorado State University, Fort Collins, CO, 205 pp.

Copyright@ijarets.org Page 154


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWw.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

>

Ouchi, S., 1985. Response of alluvial rivers to slow active tectonic movement.
Geological Society of America Bulletin, 96, 504-515.

Parkash, B., Kumar, S., Rao, M.S., Giri, S.C., Kumar, S.C., Gupta, S. and Srivastava,
P., 2000. Holocene tectonic movements and stress fields in the western Gangetic Plain.
Current Science, 78, 438-449.

Pascoe, R.D., 1917. Early history of Indus-Brahamaputra and Ganges. Quaternary
Journal of the Geological Society, London, 76, 136 pp.

Pathak, B.D., 1966. Geology and groundwater resources of the Azamgarh, Ballia region,

Eastern Uttar Pradesh. Bulletin Geological Survey of India, 18, 1-246.

Philip, G., Gupta, R.P. and Bhattacharya, A., 1991. Landsat image enhacement for
mapping fluvial paleofeature in parts of middle Ganga Basin, Bihar. Journal of

Geological Survey of India, 37, 63-74.

Phillip, G., Gupta, R.P. and Bhatatcharya, A.B., 1989. Channel migration studies in the
Middle Ganga Basin, India using remote sensing. International Journal of Remote
Sensing, 10, 1141-1149.

Pilgrim, G.E., 1919. Suggestions concerning the history of the drainage of northern India
arising out of a study of Siwalik boulder conglomerate. Journal of the Asiatic Society of
Bengal, 15, 81-99.

Pati, P., Parkash, B., Awasthi, A.K. and Jakhmola, R.P., 2012. Spatial and temporal
distribution of inland fans/terminal fans between the Ghaghara and Kosi rivers indicate
eastward shift of neotectonic activities along the Himalayan front. A study from parts of
the upper and middle Gangetic plains, India. Journal of Earth-Science Reviews, 115,
201-216.

Qureshy, M.N. and Kumar, S., 1992. Isostacy and neotectonics of North West Himalaya
and foredeep. Memoir Geological Society of India, 23, 201-222.

Copyright@ijarets.org Page 155


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWw.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

>

Qureshy, M.N., Kumar, S. and Gupta, G.D., 1989. The Himalaya megalineament-its
Geophysical characteristics. Memoir Geological Society of India, 12, 207-222.

Radonae, M., Radonae, N. and Dumitriu, D., 2003. Geomorphological evolution of

longitudinal profiles in Carpathians. Geomorphology, 50, 293-306.

Raiverman, V., Kunte, S.V. and Mukherjea, A., 1983. Basin geometry, Cenozoic
sedimentation and hydrocarbon in north western Himalaya and Indo-Gangetic plains.

Petroleum Asia Journal, 6, 67-92.
Rao, K.L., 1975. India“s Water Health. Orient Longman Limited, New Delhi, 267 pp.

Rao, M.B.R., 1973. The subsurface Geology of Indo Gangetic Plains. Journal of the
Geological Society of India, 14, 217-242.

Sastri, V.V., Bhandari, L.L., Raju, A.T.R. and Dutta, A.K., 1971. Tectonic framework
and subsurface stratigraphy of the Ganga Basin. Geological Society of India, 12, 222—
233.

Schumm, S.A., 1956. Evolution of drainage systems and slopes in badlands at Perth

Amboy, New Jersey. Geological Society of America Bulletin, 67, 597—-646.

Schumm, S.A., 1963. Sinuosity of alluvial rivers of Great Plains. Geological Society of
America Bulletin, 74, 1089-1100.

Schumm, S.A., 1986. Alluvial river response to active tectonics, in Active Tectonics

Studies in Geophysics. National Academic Press, Washington D.C., 80-94.

Schumm, S.A., 1993. River response to base level changes: Implications for sequence

stratigraphy. Journal of Geology, 101, 279-294.

Schumm, S.A., 1999. Causes and Controls of Channel Incision. In Darby, S.E. and
Simon, A. (Eds.), Incised River Channels: Processes, Forms, Engineering and

Management. John Wiley and Sons Chichester, 19-33.

Copyright@ijarets.org Page 156


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWw.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

>

Schumm, S.A., Dumont, J.F. and Holbrook, J.M., 2000. Active Tectonics and Alluvial
Rivers. Cambridge University Press, 276 pp.

Seeber, L. and Gornitz, V., 1983. River profiles along the Himalayan arc as indicators

of active tectonics. Tectonophysics, 92, 335-367.

Seeber, L., Armbuster, J.G., and Quittmeyer, R.C., 1981. Seismicity and continental
subduction in the Himalayan Arc, p. 215-242. In: Zagros, Hindukush, Himalaya
Geodynamic evolution, (Eds.) Gupta, H.K. and Delany, F.M. Am. Geophys. U.,

Washington, Geodyanmic Series 3.

Shukla, U.K., Singh, I.B., Srivastava P. and Singh, D.S., 1999. Palaeocurrent pattern in
Braid bar and Point bar deposits: Examples from Ganga River India. Journal of
Sedimentary Research, 69, 992-1002.

Shukla, U.K., Singh, I.B., Sharma, M. and Sharma, S., 2001. A model of alluvial
megafan sedimentation: Ganga Megafan. Sedimentary Geology, 144, 243-262.

Singh, D.S. and Singh, 1.B., 2005. Facies architecture of the Gandak Megafan, Ganga
Plain, India. Special Publication of the Palaeontological Society of India, 2, 125-140.

Singh, D.S., Awasthi, A. and Bhardwaj, V., 2009. Control of Tectonics and Climate on
Chhoti Gandak River Basin, East Ganga Plain, India. Himalyan Geology, 30, 147-154.

Singh, D.S. and Awasthi, A., 2011(a). Natural hazards in the Ghaghara River area,
Ganga, Plain, India, Natural Hazards, 57, 213-225. DOI 10.1007/s11069-010-9605-7.

Singh, D.S., 1998. Sedimentology of Gandak Megafan, Ganga Plain. Ph. D. Thesis,
Department of Geology, University of Lucknow, Lucknow, India. 141 pp.

Singh, D.S. and Awasthi, A., 2011(b). Implication of Drainage Basin Parameters of
Chhoti Gandak River, Ganga Plain, India, Journal of the Geological Society of India,
78, 370-378.

Copyright@ijarets.org Page 157


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWw.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

>

Singh, 1.B. and Bajpai, V.N., 1989. Significance of syndepositional tectonics in the
facies development of the Gangetic Alluvium near Kanpur, Uttar Pradesh. Journal of the
Geological Society of India, 34, 61-66.

Singh, I.B. and Ghosh, D.K., 1992. Interpretation of Late Quaternary Geomorphic and
tectonic features of Gangetic Plain using remote sensing technique. Proceedings of
National Symposium on Remote Sensing for sustainable Development, Lucknow, 287—
373.

Singh, I.B. and Ghosh, D.K., 1994. Geomorphology and neotectonic features of Indo-
Gangetic Plain. In: Dikshit, K.R., Kale, V.S. and Kaul, M.N. (Eds.), India:
Geomorphological diversity, 270-286.

Singh, I.B. and Kumar, S., 1974. Mega and giant ripples in the Ganga, Yamuna and Son
Rivers, Uttar Pradesh, India. Sedimentary Geology, 12, 53-66.

Singh, 1.B. and Rastogi, S.P., 1973. Tectonic framework of Gangetic alluvium with

special reference to Ganga River in Uttar Pradesh. Current Science, 42, 305-307.

Singh, I.B. and Rastogi, S.P., 1975. Some less common sedimentary structures from the
point bar and natural levee deposits of Gomati River, Uttar Pradesh, India.
Geophytology, 5, 186— 187.

Singh, 1.B., 1987. Sedimentological history of Quaternary deposits in Gangetic plain.
Journal of Earth Science, 14, 272-282

Singh, 1.B., 1992. Geological evolution of the Ganga Plain: present status. In: Singh,
I.B. (Ed.), Gangetic Plain: Terra Incognita. Geology Department, Lucknow University,
Lucknow, 1-14.

Singh, 1.B., 1996. Geological evolution of Ganga Plain —an overview. Journal of the

Palaeontological Society of India, 41, 99-137.

Copyright@ijarets.org Page 158


http://www.ijarets.org/
mailto:editor@ijarets.org

International Journal of Advanced Research in Engineering Technology and Science ISSN 2349-2819
WWW.ijarets.org Volume-11, Issue-3 March — 2024 Email- editor@ijarets.org

» Singh, 1.B., 1999. Tectonic control on sedimentation in Ganga Plain foreland basin:
constrained on Siwalik sedimentation models. In: Jain, A.K. and Manickavasagam, R.M.
(Eds.), Geodynamics of the NW Himalaya. Gondwana Research Group Memoir, 6, 247—
262.

Copyright@ijarets.org Page 159


http://www.ijarets.org/
mailto:editor@ijarets.org

