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ABSTRACT

The middle Ganga plain is tectonically most active part of the Indo-
Gangetic foreland basin. Though extensive study of neotectonics,
geomorphology and sedimentology of the Ganga plain has been carried out in
last decades, most of those are confined to the north of the Ganga River.
However, the region south of the Ganga River has relatively gained lesser
attention in the context of geomorphic and tectonic evolution. The southern
middle Ganga plain is mainly drained by the Sone River and its distributaries,
forming a megafan and ultimately meeting the axial river Ganga. Fluvial
geomorphology of the megafan is mainly dominated by the Sone River by
different phases of channel migration triggered by block tilting. Tectonically, the
Sone megafan rests over two major subsurface basement faults, namely, West
Patna Fault (WPF) and East Patna Fault (EPF). In the present work,
morphotectonic evolution of the Sone megafan during the Late Quaternary
period has been studied, and the tectono-geomorphic characteristics of the
bounding faults have been worked out using an integrated approach such as
remote sensing and GIS, Optically Stimulated Luminescence (OSL) dating,
shallow subsurface stratigraphy and Ground Penetrating Radar (GPR).

Reconnaissance of the study area was carried out by remote sensing
and GIS techniques using Landsat ETM+ images to identify the different
geomorphic domains of the megafan. Old alluvial plains, flood plains, active and
paleochannels, and spatial drainage anomalies were marked on the image.
Based on spatial drainage anomaly, such as convergent drainage, offsetting
streams, generation of new streams, change in channel sinuosity etc. possible
fault zones of the EPF and WPF were demarcated. Preferred orientation of the
ponds revealed some recently abandoned channels. Comparative distribution
and morphology of these abandoned ponds indicate that the western part of the
megafan is relatively older than the eastern part. Most of the ponds in the
eastern part show elongated morphology and their orientation reveals
paleochannel pattern. Given the evidence of channel avulsion of Sone River, it
is highly likely that these large ponds have resulted from the quick

abandonment of some earlier course of either the Sone or its distributary in



recent past. Whereas numerous ponds on the western part of the megafan
surface indicate a similar hydrological condition but their shrunken size and
almost circular shape associates them with relatively old channel-abandonment

events.

Different geomorphic units identified from remote sensing and GIS study
were examined and verified in the fieldwork. The vertical sections exposed in
pits were investigated for studying the degree of soil development and samples
for optically stimulated luminescence (OSL) dating were collected. Different
horizons and sub-horizons of the soil profiles were noted, and sedimentary logs
of the sections were prepared. Soils in the western part of the megafan are well-
developed with 0.5 to 3 m variation of solum thickness as compared to the
eastern part where the solum thickness varies from 0.3 to 1.5 m, which is too
supported by the micromorphological studies. The surface of the soil profile is

blanketed with a silt and clay layer which is characteristic of flooding.

OSL dating of different geomorphic units were carried out to decipher
the chronological evolution of the megafan. Based on the OSL ages, the Sone
megafan has been divided into Oldest Sone plain (OdSP, age varies from 22 +
1.84 Ka to 14.25 + 0.78 Ka) in the west, Old Sone plain (OSP, age varies from
8.0 £ 0.7 Ka to 7.31 + 0.55 Ka) in the east and Young Sone plain (YSP, age
varies from 0.89 + 0.02 Ka to 0.57 £ 0.1 Ka) in the middle of the megafan
surface. The distal part of the megafan shows recent overlap of sediments of
the Ganga River (1.3 £ 0.16 and 2.4 £ 0.14 Ka).

To decipher the geomorphic variation, spot heights and contours from
the Survey of India toposheets on a scale of 1:50000 were used to create digital
elevation model (DEM) of the megafan surface. A 3-D view of the DEM shows
the regional topographic architecture of the Sone megafan. The profiles
extracted from DEM across the fault zone indicated the fault trace of the EPF
and WPF. However, surficial signatures of West Patna Fault are comparatively

low due to erosion, extreme settlement and agricultural activities.

Ground Penetrating Radar (GPR) study was carried out across the

demarcated fault zone of WPF and EPF. Displacement in the GPR profile



confirms the effect of these faults in the cover sediments in their respective fault
zones. The WPF and EPF are normal faults which dip towards the west and

east directions, respectively, forming a horst below the megafan.

Soft sediment deformation structures identified as seismites in the
present study area were reported for the first time from the south of Ganga
River in the middle Ganga plain. Their proximity to the EPF indicates moderate-
size earthquakes (or aftershock triggered by major earthquakes) on the fault in

the past or mega earthquake in the nearby Himalaya.

The integrated approach adopted for the present study shows that the
Late Quaternary evolution of the Sone megafan occurred largely under the
tectonic controls exhibited by probable uplift along the peripheral bulge region.
As the megafan rests on the tectonic block bounded by the EPF and WPF,
compression from SW and the Himalaya promotes block tilting which in turn
influences the fluvial geomorphology of the megafan in space and time. Similar
block tilting and megafan growth has been reported in the northern part of the
present area i.e. in the Gandak megafan. By analyzing the present result, it is
quite evident that similar geological processes are too acting in the present area
of study. The Sone River initially flowing in the western part of the megafan
responded to first event of tectonic uplift along northwestern part of the tectonic
block formed between the WPF and EPF by eastward shifting of the channel.
This is supported by the OSL ages from the western part of the megafan. The
river continued to shift eastward until the second event of tectonic tilt uplifted
the southwestern part of the block causing the river to reverse the direction of
shifting. The river was shifting westward until it attained a rather stable course
which is the present course of the river. The river may have attained this stability
in the past also, allowing only the downstream part of the river to undergo
avulsions in east-west directions as many paleochannels appear in the
downstream as compared to the upstream. Based on the inferences drawn from
combined study of geomorphic, and pedological features with OSL dating, the
Sone megafan was identified with 4 geomorphic units, namely, OdSP lying to
the west of the Sone River, OSP covering the eastern part of the plain, YSP

spread in triangular shape near downstream part of the river, and AFP belt of



fresh sediments along present channels of Sone and Ganga rivers. The block
titing and channel migration can be well correlated with the influence of the
Himalayan tectonics on the Ganga plain and especially on the fault bounded
tectonic blocks. The tectonic blocks tilt and twist due to compression between
the peninsula and the Himalaya. Hence the rivers of the alluvial plain shift their
course in response to the tectonic tilting which in turn modifies the

geomorphology, sedimentology and pedology of the region.
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Chapter 1
INTRODUCTION

1.1 INTRODUCTION

The Indo-Gangetic foreland basin is extensively stretching from the
Indus basin in NW to Upper Assam in NE and separating the Himalayan thrust
fold belt from the Indian craton. Collision of the Indian and Eurasian plates
during the Paleocene led to the formation of this largest sedimentary basin of
the Indian subcontinent around 60 Ma ago (Beck et al., 1995; Dewey and Bird,
1970; Sinha et al., 2005b). Continuous sedimentation process for filling up the
basin since 20 Ma (Parkash et al., 1980) lead to the present geological setting.
Terrigenous clastic sediments deposited by the Himalayan rivers dominate the
basin. However, the rivers drawing clastic sediments from the southern
peripheral bulge have distributed in the southern reaches of the alluvial tract.
The Ganga plain has been divided into Upper, Middle and Lower plain from
west to east by Srivastava et al. (1994) and Thomas et al. (2002) on the basis
of degree of river incision, soil development, subsidence rate and characteristic

geomorphic landforms.

Geomorphology, sedimentology, pedology, surface deformations and
structural studies of sub-surface faults, along with geochronology and tectonic
studies have been carried out in the Ganga plains by several researchers in the
last few decades (Bhosle et al., 2008; Mohindra et al., 1992; Singh, 1996; Singh
et al., 2006; Sinha et al., 2009; Sinha and Ghosh, 2012). Recent advances in
the extraction of surficial and subsurface geological and geophysical data has
increased our understanding of tectonic processes and their role in basin
evolution (Miall, 1991, 1981, 1978). However, the middle Ganga plain which
spans between the Ghaghara and Kosi rivers, separating the Indian shield from
the marginal alluvial plain by the peripheral bulge in south and meeting
Himalayan Frontal Thrust (HFT) in the north, has only recently gained the focus
of detailed study. As the middle Ganga plain is tectonically more active it needs

greater attention in terms of neotectonic and geomorphic studies.



The present study focusses on the geomorphology, neotectonic activity
and pedology of southern middle Ganga plain during middle to late Holocene.
An integrated approach including remote sensing and GIS, field study,
geophysical survey, micromorphological study and Optically Stimulated
Luminescence (OSL) dating have been utilised to understand the development
of alluvial plain towards south of the Ganga River. Landsat Enhanced Thematic
Mapper Plus (ETM+) images have been used to identify different geomorphic
units in the area. Digital elevation models (DEMs) have been used to demarcate
subtle topographical changes in the plain. Micromorphology of soils has been
used to understand the pedogenic processes and varying degree of soil
development in different parts of the study area. OSL dating has been carried
out to establish the chronology prevailing geomorphic processes and recent
tectonic events in the region. Shallow sub-surface geophysical survey has been
conducted by ground penetrating radar (GPR) to pick up the ground signatures
of active tectonics in the region with the help of radargrams across a subsurface
fault in the area. While field study was carried out to observe soil profiles and
to collect soil samples, soft sediment deformation structures were identified.
These are prominent indicators of seismicity and have been reported for the

first time in this area.

1.2 GENERAL DESCRIPTION OF THE STUDY AREA

1.2.1 Geographical Extent

The study area is a part of the marginal plain to the north of the Vindhyan
highlands limited between latitude 24.75°N to 25.75°N and longitude 83.0°E to
86.0°E. It covers parts of the middle Ganga plain towards south of the Ganga
River, which is also known as south Bihar plain because geopolitically it falls in
the Bihar state of India. Thus, its northern extent is bounded by the Ganga River

and southern by the exposures of Vindhyan sedimentary rocks (Fig. 1.1).

1.2.2 Physiography

According to Singh (1996), the Ganga plain had remained largely
unexplored during past decades due to its extreme flatness and

geomorphologically monotonous character. However, its association with the

2



Himalayan orogeny has invited several geologists to undertake detailed
investigation of the region in recent years to study the influence of Himalayan

tectonics in the plains.

Physiographically, the middle Ganga plain is not different than the rest
of the Ganga plain. Though it lacks major surficial structures or landforms in the
first observation, recent advances in the technology, such as availability of
spatially high resolution digital elevation models and satellite images, has made
it possible to investigate the geomorphology of the region up close. Several
landforms including megafans, terminal fans, paleochannels, avulsion
surfaces, floodplains, river terraces, etc have been identified in the middle
Ganga plain (Singh et al., 2015, 2009, Singh and Awasthi, 2011a, 2011b; Singh
and Singh, 2005). These features are significant in understanding the
geomorphological as well as tectonic evolution of the plain in response to the

Himalayan tectonics.

Figure 1.1 Middle Ganga plain showing the Gandak and Sone megafan with important faults in the
area. The base image is taken from Google Earth.

The southern middle Ganga plain is mostly flat and devoid of major
topographical changes. However, minor relief breaks of few metres in measure,
paleochannels, levees, active channels and floodplains, a network of stagnant
water bodies are observed. The most prominent alluvial geomorphic feature in

the area is the Sone megafan which was formed by the sediments deposited

3



by the Sone River carried out from the adjacent Indian craton. Thus, it implies
that not only the Himalaya, the peninsular shield has also played certain role in
development of this vast alluvial tract (Ameen et al., 2007; Bhosle et al., 2008;
Khan et al., 2015, 2005). The megafan covers almost entire study area.
Average sediment thickness of the megafan increases northward from
exposures of Vindhyan rocks (i.e. 0 m) to 500 m near the Ganga River which
suddenly increases to 1000—2000 m towards north of the river (Agarwal, 1977;
GSI, 2000; Sengupta, 1996). With a variation of 0.03—0.04° slope towards the
north, the surface of the southern middle Ganga plain is almost flat.
Topographic elevation varies from 50 m in the North to about 120 m in the

South, above the mean sea level (Sahu et al., 2010).

1.2.3 Climate

The study area experiences mainly two types of climates: Hot-summer
Mediterranean climate (as observed mainly in Patna, Gaya, Munger, Dehri-on-
Sone, Jehanabad) and Humid subtropical climate (observed in Kishangan;,
Motihari, Jogbani, Araria, Raniganj) (https://en.climate-data.org/region/773).
The average temperature in the region varies between 16°-19°C during winters
(Dec—Feb), 25°-31°C during summers (Mar—May), 31°-28°C during monsoon
(Jun—Sep) and 26°-21°C during post-monsoon (Oct-Dec). So, the year-round
average temperature falls around 25°C. The precipitation varies largely in the
region from ~100 mm during winter and summer to ~1060 mm during monsoon
and ~50 mm during post monsoon season, making it a year-round average of

~1200 mm (https://en.wikipedia.org/wiki/Climate_of Bihar).

1.2.4 Drainage

The study area is an alluvial plain with varying thickness of
unconsolidated sediment-fill. The drainage in such terrain hold an
indispensable importance as it not only controls the anthropogenic activities
such as agriculture and settlement, but also provides local markers for the
neotectonic activity. The drainage on such easily mobilizable sediments often
quickly responds to recent tectonic activity by showing channel avulsion,
paleochannels and abandoned oriented network of disseminated ponds.



The Sone River is the largest tributary of the Ganga River from southern
Ganga plain and is a major contributor of sediments deposited in the area.
Migration of the river channels in geological time scales in response to
neotectonic activity led to development of the Sone megafan. The Sone River
originates from the Amarkantak highlands. It flows almost in east—west direction
on the elevated plateau of central India, then suddenly takes a sharp turn to
follow northeastward trend near Rohtasgarh plateau and enters into the study

area. The other major contributors to the Sone drainage basin are Punpun,

Figure 1.2 River basin map of Middle Ganga Plain (source: Water Resources Department, Government
of Bihar).

Phalgu and Dardha rivers. Several ephemeral streams of these rivers locally
form a dendritic pattern and rework the surface sediments (Fig. 1.2). Apart from
these, the paleodrainage network in the region is represented by numerous
abandoned stagnant water bodies characteristic of river migration. Though the
overall drainage pattern of the Sone and the Ganga rivers in the alluvial reaches
of the Sone-Ganga basin is not controlled by bedrock heterogeneities (Sinha
and Friend, 1994), effective structural control over drainage pattern can be
observed around the subsurface fault present in the study area. During the

Quaternary, tectonics and climate in the region are main controlling factors for



geomorphological and fluvial evolution and sediment remobilization (Sahu and
Saha, 2014).

1.2.5 Subsurface features

Subsurface configuration of the foredeep plain is architectured by some
major faults, defining horst-graben structures. These faults display
northeasterly trends. The West Patna Fault (WPF), East Patna Fault (EPF) and
Munger Saharsa Ridge Fault (MSRF) having northeasterly trend form alternate
horst and graben from west to east, respectively. These tectonic discontinuities
of the foredeep, particularly having a northeasterly trend, are considered to be
the locale of post collision strain adjustment along the leading edge of the Indian
shield and thus are likely to be of neotectonic (GSI, 2000).

The basement of the Ganga plain spans almost NW-SE adjacent to the
Himalayan foothills and is segmented into several tectonic blocks by the NE-
SW trending subsurface faults. These NE-SW trending subsurface faults in the
Ganga plain were developed due to the NW-SE extension in the Himalayan
foreland basin by compression from the southwest direction (Bhosle et al.,
2008; Parkash et al., 2000; Pati et al., 2011a, 2011b, Singh et al., 1997, 2006).
These active basement faults are buried under thick sediment cover and hence

their surface expressions are less pronounced.

The East Patna Fault (EPF) is an NE-SW trending east dipping
subsurface normal fault transverse to the trend of the Himalayan Frontal Thrust.
It is present in the middle Ganga plain (MGP) buried under the foredeep
alluvium cover of varying thickness from 500 m (to the south of the Ganga River,
near Patna) to 5000 m at the northern end (near Madhubani) (Fig. 1.3). West
Patna Fault is a west dipping subsurface fault while Munger Saharsa Ridge
Fault also running parallel to the EPF dips towards east. These subsurface
faults correspond to the basement ridges. Based on the subsurface information
in the Ganga plain derived from aeromagnetic, gravity, seismic and magnetic
surveys carried out by several researchers (Agarwal, 1977; Dasgupta et al.,
1987; Karunakaran and Ranga Rao, 1979; Lyon-Caen and Molnar, 1985; Rao,
1973; Sastri et al., 1971; Valdiya, 1976) and deep drillings and the geophysical



surveys conducted by Oil and Natural Gas Corporation (ONGC), presence of
the basement ridges in the foredeep has been well established. Subsurface
structural confinement of the broad region is represented by the Munger
Saharsa Ridge in the east and the Rohtasgarh Ridge in the west. Three
important ridges underlying the study area are West Patna Ridge, East Patna
Ridge and Munger Saharsa Ridge (Fig. 1.3). North to northeasterly dipping
Vindhyan rocks are overlain by the Quaternary alluvium in this ridge-bounded
trough (Prakash et al., 1990). In addition, using geophysical signatures such as
gravity, aeromagnetic and seismic surveys, Geological Survey of India (GSI,
2000) mapped the subsurface extension of the fault near about 168 km length
to the north of the Ganga River (Fig. 1.3). Dasgupta (1993) and Jain and Sinha

Figure 1.3 Map showing the basement depth, important rivers, epicentres and basement fault in the
region (GSl, 2000).

(2005) suggested the active nature of the fault in the northern part of the plain

(north of the Ganga River) on the basis of geophysical and geomorphological
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evidence, respectively. Though Sinha et al. (2010) and Sahu et al. (2010)
suggested the extension of this fault to the south of the Ganga River based on
various fluvial anomalies, however, no significant evidence for the continuation

was reported.

1.2.6 Earthquake recurrence

The NE-SW trending East Patna Fault lies in the middle of the region
and follows the trend of the basement ridges. The fault is oriented transverse
to the Himalayan arc, which resides close to its northward extension. As these
faults follow the highest horizontal compressive stress direction (NE-SW i.e.
transverse to the Himalayan Frontal Thrust), movement along these faults have
caused several earthquakes (1833, 1906, 1934 and 1988) in the region
(Banghar, 1991). These earthquakes modified the stress regime of the region
through the slip along the fault plane and deformation in the source region,
thereby releasing the accumulated strain in the region and reducing the slip
potential (Fig. 1.4).

1.3 ALLUVIAL STRATIGRAPHY OF THE MIDDLE GANGA
PLAIN

The middle Ganga plain is confined between the rivers Rapti and Kosi,
occupied largely by the Kosi and Gandak megafans, and Kosi-Gandak interfan
area to the north of the Ganga River. Dominant geomorphic feature in the south
of the Ganga River is the Sone megafan. Frequent change in river courses in
this region leaves abandoned alluvial plains characterized by a different degree
of soil development corresponding to the time elapsed since channel
abandonment. Shallow sub-surface stratigraphy provided by Singh et al. (1993)
shows about 10 m thick surficial unit of sand and mud, identified as “megafan
sweep” succession, underlain by more than 60 m thick sand and gravel bed
deposited by braided river system in the northern middle Ganga plain (in the

Kosi megafan).



Lack of natural exposures has confined the knowledge of the Quaternary
alluvial history of the region. Most of the surface in the Ganga plain is covered
by newer alluvium (Holocene) which consists of mostly unoxidized sand and

silt-clay, indicative of mainly fluvial and fluvio—lacustrine environments. The

Figure 1.4 Indo Indo-Asian collision zone showing the estimated slip potential along the Himalaya.
Yellow segments along the bars show the slip potential on a scale of 1 to 10 meters, that is, the
potential slip that has accumulated since the last recorded great earthquake, or since 1800. The green
portions show possible additional slip permitted by ignorance of the preceding historic record. The
bars are not intended to indicate the locus of specific future great earthquakes but are simply spaced
at equal intervals. Rupture area of major historical earthquakes along the Himalaya (light yellow
boundary). Focal mechanism of major earthquakes (M>5) between 1963 and 1999. Black arrows show
slip vectors on north dipping planes. (modified after Avouac et al., 2001 and Bilham et al., 2001).

channels in this area (i.e. middle Ganga plain) are not incised and the exposed
bank sediments are those of the modern, aggrading fluvial system, rather than
that of early Holocene or late Pleistocene sediments (Sinha et al., 2005a,
2005b). However, Sahu et al. (2010) reported incision on the southern middle
Ganga plain on the proximal part of the Sone megafan, where alluvial deposits

of few meters, consisting of sand and clay are exposed.

In the plains south of the Ganga River, Williams and Clarke (1984, 1995)
described alluvial sequences in the Belan and Sone valleys ranging in age from
Middle Pleistocene to Holocene. The alluvial thickness ranges from 0 m, where
the outcrops of the basement (Vindhyan sedimentary rocks) exist near the

peninsular region, to 300—400 m near the Ganga River. The Sone megafan



covers an area of about 11,560 km?. The plain to the east of the Sone River
has thick clay deposits with an average thickness of about 1 m underlain by
relatively thinner sand beds of an average thickness of 0.3 m. Several locations
showing a few centimeters thick alternate sand and clay layers near the base
of the exposure imply different quick episodes of floods and standing water
conditions in the region. Comparatively, the region to the west of the Sone River
shows ~0.4 m thick clay beds capped by the mature soil with the solum
thickness varying between 0.3 m and 4 m. The central part the Sone megafan
is occupied by recent river deposits composed of coarse-grained sand.
Variation in the soil characteristics and other geomorphic signatures show
gradual eastward migration of the Sone River over a longer period of time
followed by rather quick westward reversal to attain the present stable channel
position (Sahu et al., 2010).

1.4 REVIEW OF PREVIOUS WORK

1.4.1 Geomorphology

During the earliest phases of geomorphological study in the Indo-
Gangetic plain, two main types of alluvial surfaces were recognised Khadar
(newer alluvium) and Bhangar (older alluvium) (Oldham, 1917; Pascoe, 1919).
This terminology has still been in use for the alluvial plains of the Ganga plains
(Singh, 1996; Singh et al., 2004). Uplands and interfluve overlain by calcareous
soils form the older alluvium i.e. Bhangar while the Khadar constitutes the soils
of areas close to the rivers which keep receiving fresh sediments from flooding

events.

Some systematic geomorphic studies have been carried out in the
Ganga plain by Geddes (1960) and Mukerji (1963). Its sediment fill and
basement was studied in view of petroleum prospects (Rao, 1973; Sastri et al.,
1971). The central part of the Indo-Gangetic plain is occupied by what is known
as the Ganga plain which shows a variety of landforms and drainage system. It
appears almost flat due to low relief difference over large distances (Singh,
1996). The basin is asymmetric in nature which gently slopes to opposite

directions in its northern and southern parts. The Ganga plain has also been
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classified into two regions as western Ganga plain (Uttar Pradesh) and eastern
Ganga plain (Bihar). The western part is identified with prominent river incisions
and rugged terrain while the eastern counterpart is rather flat and devoid of
much drainage entrenchment. According to Pathak (1982), the alluvial surface
of Ganga plain can be classified into four regions from north to south: Bhabar
belt (mostly gravel), Terai belt (swamps, ponds, small sandy rivers), Central
Alluvial Plain (major part of the Ganga plain, towards north of the river Ganga
and most of the rivers follow southeasterly trend), and Marginal Alluvial Plain
(located south of the Ganga River, has coarse sandy rivers and sediments are
mostly derived from the Peninsular craton). Broadly, the Bhabar and Terai

regions can be combined into single Piedmont Zone.

The present study area constitutes this Marginal Alluvial Plain in the
middle Ganga plain which is marked by coarse sediments derived from the
peninsular craton. The region is characterised by high rate of subsidence (Jain
and Sinha, 2005; Pati et al., 2011a; Valdiya and Sanwal, 2017). Some of the
researchers have recently investigated this part of the Ganga plain by using
satellite images, elevation models and bore holes (Sahu et al., 2015, 2010;
Verma et al., 2017). The Sone megafan formed in the area due to channel
migration of the Sone River in west-east direction. Its distal parts show sand
covers on the top which is mostly sourced from the Ganga River. Proximal parts
of the megafan show thick accumulation of coarse yellow brownish sand eroded

from the adjacent Vindhyan rocks.

1.4.2 Pedology

Srivastava et al. (1994) and Thomas et al. (2002) have divided the
Ganga plain into upper, middle and lower plain on the basis of soil
developments. The soils of the Ganga plain specially the northern plains have
recently been studied in detail by several workers (Kumar et al., 1996; Mohindra
et al.,, 1992; Srivastava, 2001; Srivastava et al., 2017, 2003, 2000, 1994;
Thomas et al., 2002). Upper Ganga plain is marked by moderately to well-
developed soils. Pedology of the area towards south of the Ganga river has
largely remained unexplored. The National Bureau of Soil Survey and Land Use

Planning (NBSS and LUP) have published regional soil maps which shows
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slight sodicity in most of the study area. Soils towards west of the Sone river

however show slight salinity and slight sodicity. Slightly saline soils can also be

Figure 1.5 Distribution of soil sodicity and salinity across the Sone River in its megafan (source: NBSS
and LUP, 2002).

observed on the eastern part (Fig. 1.5). Micromorphological study of the soils
from the Sone megafan has not been carried out yet. Thus, the present study
has touched upon that factor. More detailed study may prove to be beneficial in
working out the paleoclimatic and evolutionary history of this part of the Ganga
plain. The present work has also identified the older alluvium at the depth of ~2
to 4 m from surface in proximal parts. Surface of the megafan can be divided
into paleochannels, inter-paleochannel area, active channels and floodplains.
The inter-paleochannel area shows the older alluvium which is mostly derived
from peninsular shield. The extensive deposition of yellowish coarse sand
indicates dominant fluvial environment and climatic as well as tectonic control

on the megafan evolution.

1.5 RESEARCH OBJECTIVES

Major objectives of the present study can be summarised as follows:

1. To identify the geomorphic processes and related soil developments on the

megafan surface.
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2. To map the surface and subsurface tectonically adverse features such as
faults in the study area.

3. Establishing the relation between tectonics, geomorphology, sedimentology
and pedology in the megafan.

4. To carry out ground penetrating radar (GPR) survey to ascertain subsurface
nature of fault and record any signature of recent fault activity or
development of secondary faults.

5. Establishing the chronological order of tectono-geomorphic adjustments on

the megafan surface.

To map the geomorphic units in the area, Landsat Enhanced Thematic
Mapper Plus (ETM+) images have been used depending upon the appropriate
scene availability. These multi band images have a 30 m spatial resolution and
are freely available for download from USGS (https://earthexplorer.usgs.gov).
The geomorphic units have been identified on the basis of colour, tonal or
textural variations in the images. Digital elevation models have been prepared
from the spot heights obtained from toposheets of 1:50,000 scale issued by the
Survey of India to identify faults and megafan surface architecture. Shuttle
Radar Topography Mission (SRTM) DEM has also been utilised for obtain
elevation profiles across fault. In the field, typical profiles representing the soil
development have been recorded. Box samples from undisturbed sections for
micromorphological study and soil samples have been taken from C horizon for
dating. The data obtained from remote sensing was validated in field by
geomorphological and pedological studies, and Ground Penetrating Radar
(GPR) survey. Geochronology of geomorphic surfaces and faulting events were
dated through OSL dating technique. Results from different sources were
combined together to work out the tectono-geomorphic evolution of the Sone

megafan.

1.6 SCOPE OF THE PRESENT STUDY

Middle to late Holocene evolutionary history of the Sone megafan area
is derived from an integrated approach which includes remote sensing and GIS,
geomorphic study, geophysical study, fieldwork and soil micromorphology.

Neotectonic framework of the area has been established with the help of
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present study. The dating of soil samples from different parts of the megafan
assisted the establishment of chronological order of major neotectonic events
which consequently has implications for identifying the older and younger plains

in the region.

1.7 ORGANISATION OF THE THESIS

The work done has been organised in seven chapters covering the
introduction about the study area, methodology adopted, findings, discussion

and conclusion.

Chapter 1 entitled “INTRODUCTION” discusses the reason for selecting
this research problem. It also introduces the physiography, drainage network,
climate, subsurface features and earthquake occurrences in the study area.
The literature review regrading geomorphology and neotectonics of parts of the
Ganga plain and objectives of the present study in view of previous studies has

also been incorporated into this chapter.

Chapter 2 entitled “REMOTE SENSING AND GIS STUDY” deals with
the preliminary research about the morphology of the area. It helped with the
reconnaissance of the area to demarcate possible locations for carrying out
field-based surveying such as sampling spots and GPR survey lines. Itincludes

identification of landforms and geomorphic units in the area.

Chapter 3 entitled “SOFT SEDIMENT DEFORMATION STRUCTURES”
includes description of deformation structures from the study area identified as
seismites. These structures preserved in soft sediments have been explained
in terms of their typical formation conditions and relating it to the seismic activity

of the area.

Chapter 4 entitled “OPTICALLY STIMULATED LUMINESCENCE
(OSL) DATING OF SEDIMENTS” briefly explains the procedure followed to
collect samples in the field for OSL dating and the protocol of its sample
preparation. The dates thus obtained helped in ascertaining the older and
younger plains of the southern MGP. It also shows the order of block tilting

episodes. A possibility of temporal relationship between Sone megafan and
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Gandak megafan has also been discussed based on OSL ages from both parts

of the middle Ganga plain.

Chapter 5 entitted “MICROMORPHOLOGICAL STUDY OF SOIL
PROFILES” discusses degree of soil development in different parts of the Sone
megafan 