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 ABSTRACT  Present study attempts to identify and delineate geomorphic features based on visual image 
interpretation technique from digital data of IRS 1D LISS III FCC with 23.6 m spatial resolution for Chandauli District, 
Uttar Pradesh under Arc view software domain. The most interesting fact is that the district has a peculiar dual 
physiographic characteristics with Alluvial Plain in north and Vindhyan Plateau in south. Remote sensing technique 
with its visual interpretation keys is helpful for the reconnaissance of geomorphic features with in a very short time in a 
cost effective way and provide necessary inputs for GIS to connect the spatial units with their attribute information for 
the generation of geomorphological database at district level. The identified features are grouped into two categories. 
These are features of Gangetic alluvial plain segment comprising of flood plain, channel bar, point bar, paleo channel 
etc. and features of Vindhyan uplands segment showcasing dissected plateau, different types of pediments, escarpments, 
lineaments, Denudational hills, intermontanne valleys etc. The study also reveals that geomorphic features of an aerial 
unit have direct or indirect influence upon the existing Land use/Land cover (LULC) pattern.  
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1. Introduction 
The present paper is focused on two aspects, the identification of geomorphic features and to find its 
association with existing local LULC based on remote sensing and GIS technique. Geomorphological features 
are manifestations of underling parent materials and the nature and duration of geomorphic processes that 
have produced the related geomorphic units (Wright, 1993). Each feature is either directly or indirectly 
associated with some particular LULC pattern. So, it is realized that proper understanding of geomorphic 
features are very essential for LULC pattern analysis for future planning perspectives in this regard.  
The remote sensing methods have become highly efficient tools for geological, structural, geomorphological 
analysis and their mapping because of its synoptic view, multi-spectral, multi-temporal capabilities 
(Krishnamurthy and Srinivasa, 1996). The rapid proliferation of remote sensing and geographic information 
systems (GIS) into geomorphologic mapping has increased the objectivity and efficiency of landform 
segmentation, measurement, and classification (Napieralski et al, 2013). This information consists of fast, 
economical, current digital data (Sabins, 1997). The synoptic view of satellite images make possible to 
acquire the spatial information of wider area covering both accessible and inaccessible part. GIS technology 
has altered the analysis, visualization, and dissemination of landform data due to the shared theoretical 
concepts that are fundamental to geomorphology (Napieralski et al, 2013).  
A large number of works establishing the factual relation of remote sensing  with geomorphological 
application are considered such as Verstappen (1977), Barrett and Curtis (1976), Curran (1985), Lillesand 
and Kiefer (1987), Krishnamurthy and Srinivasa (1995),Mishra (1997), Sabins (1997), Nagrajan and Misra 
(1998) Pandey (1998), Mishra and Choubey (1999), Roy (2000), Bhan (2000), Jha (2000), Rao(2002), 
Kalluri et al (2003),Mishra (2003) Reddy and Maji(2003), Jaiswal et al (2005), Mishra (2010), Katla and 
Saxena (2015) etc. 

 

2. Objectives and Methodology 
Within this contextual background, the present paper aims to- 

1. Identify and delineate the geomorphic features based on detailed examination of satellite image 
after considering local geology, physiography, drainage, soil characteristics and selected field 
visits ; and 

2. Assess the relationship between the existing geomorphic features and the local land use pattern. 
To fulfill the above mentioned objectives, geomorphological investigation has been conducted using satellite 
based remote sensing technique with rigorous field checks. Both remote sensing data and technique 
specially interpretation keys such as tone, texture, shape, size, pattern and association are applied to extract 
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geomorphic information from digital data i.e. IRS-1D, LISS-III FCC (January, 2009) having 23.6m spatial 
resolution (R-103, P-54) acquired from NRSC (National Remote Sensing Centre, Hyderabad) after 
registering it with SOI toposheets 63O and P (1:250,000) with sixty ground control points using Erdas 9.2 
and Arc view software.   Other than satellite image, several geotechnical elements like land form, geology, 
drainage, soil, vegetation, land use and land cover etc. are used to delineate the features. These information 
acts as a basic input for the generation of geomorphic database under Arc view GIS software. Finally, a 
database has been prepared on the basis of geomorphic features using both remote sensing and GIS 
techniques and associated land use pattern have been studied. Thematic overlays are generated as polygon 
for most of the geomorphic features except lineament, escarpment and paleo-channel which are kept as a 
linear feature. 

 

3. Profile of Study Area 
Chandauli district is located in the extreme south eastern part of Uttar Pradesh sharing its 

boundary with the neighbouring state Bihar in east. The latitudinal and longitudinal extensions are from 25  ̊
16′ N to 25˚ 27′ N latitude and 83˚ 16′ E to 83  ̊ 27′ E longitudes respectively. The district is characterised 
with a dual geological and physiological divisions covering 2,541 sq. km area. The vast northern alluvial 
plain sections is belongs to middle Ganga plain and southern plateau is an extended part of Vindhyan 
Uplands (Fig.1). The region is drained by Ganga, Karamnasa, Chandraprabha, Garai rivers showcasing a 
number of geomorphic features. The district is well known as ‘Dhanki katora’ of Uttar Pradesh because of its 
excellent paddy production. 
3.1 Geological profile of study area 

Chandauli District has experienced two distinct geological formations viz. Gangetic alluvium in the 
north and Vindhyan system in the south. The whole plainis built up with alluvial deposits along the Indo-
gangetic trough by rivers emerging from the Himalaya and southern Vindhyan Uplands and is divided into 2 
sub groups viz., Newer alluvium (Khadar land) and Older alluvium (Bhangar land).Bhangar land of Ganga 
valley covers a large portion of the study area away from main river channels with older alluvium which 
have been deposited from Middle to Upper Pleistocene period (Krishnan and Swaminathan, 1959) and 
Khadar land is generally restricted to the flood plain areas along the courses of major channel of Ganga and 
Karamnasa Rivers. The Vindhyan system is more or less horizontally bedded with numerous gorges. 
Vindhyan formation is divided into two sub groups. These are Upper Vindhyan system (Auden, 1933) and 
(II) Lower Vindhyan system. Upper Vindhyan can be further subdivided into three series as Rewa, Bhander 
and Kaimur series. Kaimur upland is observed in the Naugarh block.  
3.2 Physiographical profile of study area 

The physiographic characteristics of a spatial unit have an immense influence upon the human 
activities. Its immediate influence can be observed from existing local land use and settlement patterns 
which are largely governed by local relief, slope, ruggedness, flood zone etc. Physiographically the area 
under study comes under two broad divisions, the Middle Ganga Plain in north and Vindhyan region in the 
south (Table 1A and 1B). The northern alluvial plain generally consists of flat topography with regional 
slope from south–west to north–east direction. This unit comprises of upland plain with older alluvium and 
low land plain with newer alluvium. There is dead level topography with occasional water logging 
conditions at several places.  

The southern plateau have uplifted abruptly from the northern alluvial plain and form a number of 
escarpments. The contour line of 100 m mainly demarcates the boundary between plateau and plain. The 
plateau zone is deeply dissected by network of Karamnasa River and is marked by highly rugged terrain. 
The resultant topography comprises of a number of mesas and isolated hillocks having elevation ranging 
from 150 m to 385 m above mean sea level. Here, intermontanne valleys are formed by the Karamnasa and 
Chandraprabha Rivers.  

Table 1A: Divisions of physiographic units with local characteristics 
Major 

Physiographic 
Units 

Sub –units  Area 
coverage 

(in %) 

Characteristics 

Northern 
Alluvial Plain 

Khadar Land 11.74  adjoining to the right bank of the river Ganga 
with 1-10 km width; frequently visited by 
flood  

Bhangar 
Land 

Bhangar 
Land 
(north) 

30.69 comprising of older alluvium located above 
present flood level; devoid of any significant 
drainage channel often gets inundated from 
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rain water; marked with of large no. of lakes 
or Tals and swamp; numerous patches of Usar 
lands prevailing; excellent paddy production 
due to abundance of  Dhankar Mati(clayey 
soil) 

Bhangar 
Land 
(south) 

7.79 sloping gently north ward ;  flatness of the 
region is broken by Kols, Bhitas and 
embarkments 

Karamnasa 
Kachhar 

10.86 confined within Karamnasa and its tributaries 
Garai and Chandraprabha;  water logged and 
widen during heavy downpour but its  width 
does not exceed 5 km on either side of 
channels  usually in normal flow period  

Source: Prepared by author based on image study 
 

Figure 1: Profile of study area 

 
Sources: Prepared by author based on satellite image with selected ground checks, available information 

and Maps (Atlas of UP, NBSS&LUP Soil Map, NATMO District Planning Map) 
 

Table 1B: Divisions of physiographic units with local characteristics 
Major 

Physiographic 
Units 

Sub –units  Area coverage 
(in %) 

Characteristics 

Vindhyan 
Plateau 

Foot hill 
zone 

5.63 spotted with scattered conical hillocks 
about eighteen in numbers representing 
the structural remnants of the former 
continuous plateau surface 

Dissected 
hilly zone 

27.05 rugged topography and discontinuous 
hilly ranges running in S-E and N-W 
directions with varying relief with 125 m 
to 396 m.  
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Table land 6.24 appearing as a saucer shaped depression 
of the Belan valleys 

Source: Prepared by author based on image study  
 

4. Spatial Mosaics of Identified Geomorphic Features and Associated LULC 
On the basis of image based analysis, the district as a whole may be categorized under two broad 

geomorphological units, i.e., geomorphic features of Ganga flood plain and features of Vindhyan plateau. 
These units are further categorized into several sub-units which are as follows (Fig. 2 and 3): 
4.1 Geomorphic features of flood plain 

Flood plains are the features composed primarily of unconsolidated deposited materials like clay, 
silt, loam, sand, pebbles and boulders, where in, coarser sediments and fragments occupy the bottom 
position near the bed-rock (Ahmad, 1985). Almost two third portion of the study area possess relatively 
level surface which is the resultant feature of gradual deposition of sediments for a long term brought by 
river Ganga and its tributaries. It includes new flood plain, old flood plain, channel bar, point bars and paleo- 
channels etc (in Table 2A). 
4.1.1 New flood plain 

It is known as Khadar or newer alluvium and is confined as a strip along the banks of River Ganga. It 
is inundated by flood water annually and fresh sediments are deposited here after each flood and devoted to 
cultivation of especially Rabi crops. This is well marked in the satellite image as dark red tones with smooth 
texture and irregular shape. This feature occupies 9.57 per cent of total area of the district covering a large 
share of Chahniya block along with north and north eastern part of Dhanapur block and north- western part 
of Niyamtabad block 
4.1.2 Old flood plain 

Old flood plain (OFP) is the depositional feature on either side of river formed by basin sediments 
(Rao, 1998). It consists of sand, silt, clay and fine grained gravels and accounted as a zones of promising 
aquifer (Das, 1997). This unit is marked with slightly higher position in comparison to the adjacent areas 
and located far away from the existing river channels covering almost 38.68 percentage share area. On the 
basis of tonal variation, this is further divided into three sub-groups viz.  OFP type- I (dark red to light red 
tones), OFP type -II(light red mixed with grey tone) and OFP type -III(red mixed with white tones). This 
feature is mainly associated with cultivation of Kharif crops. 
4.1.3 Point bar, channel bar, island and paleo channels 

Point bar and channel bar both features are resulted from the deposition of sand materials in 
channel. The former are formed on the convex side of meanders and grow by individual increment outward 
into the meander curve (Thornbury, 1969), while channel bar is mainly got shaped by the deposition of 
huge amount of sands and gravels in between the channels (Mishra, 1999). In satellite image, these two 
features are easily identified by their unique signature of appearances with light or whitish tone as 
deposited sands reflect the most of radiation.  

Other than these, another feature is island which is nothing but a tract of land within the channel of 
Ganga River surrounded by water. In due course of time, it may become the part of the flood plain when one 
side of the channel becomes dry and filled with sediments. Summer crops, e.g., water melon, cucumber and 
other vegetables have been cultivated here based on remnant of soil moisture.  

Paleo channel are also seen here as a result of the shifting courses of river Ganga mostly in the 
north western part of the study area. These features are easily marked on image with their impressive 
characteristics of very dark tone, irregular pattern and crecentric shape. Such features provide high yield of 
crops. The ground water prospect is good to very good here. 

These features can altogether cover almost 4.17 per cent of Chandauli District. 
 

Table 2 A: Image Characteristics of Identified Geomorphic Features in Flood Plain Areas in Relation 
to Local Land Use Pattern (Based on IRS-1D, LISS-III FCC, January 2009) 

 

Geomorphic Features 
Tone Texture Shape Size LU/LC Lithology 

Groundwater 
Prospect Level I Level II 

New 
Flood plain 

New 
Flood plain 

very dark  
red 

smooth  

indefinite 

small  
very good 
cultivation sand,silt or 

clay gravel 

very good 

Old Flood plain Type -I 
very dark  
to dark red 

smooth to 
medium 

small to 
medium 

very good 
cultivation 

very good to good 
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Type –II a 
red to  
grey mixed 
red 

coarse  large  
good to very 
good 
cultivation 

Type- II b 
grey  
mixed red 

coarse medium  
Moderate 
cultivation 

Type –III a 
grey  
mixed pink 

coarse 

indefinite 

medium  
moderate 
cultivation 

Type IIIb dark grey coarse medium 

moderate 
cultivation 
(water 
logging) 

Paleo channel 
Paleo 
 channel 

very  
dark red 

smooth  
linear to 
curvilinear 

small 
very good 
cultivation 

very good 

Bar 
Point Bar 

very light  coarse 
elongated 
crecentric 

small 

sandy 
patches, 
cultivation 
especially in 
summer 

- very good 
Channel bar 

 Island  Island 

Source: Prepared by Author Based on Image Analysis 
 

4.2 Geomorphic features of Vindhyan Uplands 
Vindhyan uplands is mainly composed of Fluvio-marine deposits of probably the Cambrian age, 

which has been uplifted and peneplained several times (Pichamuthu, 1980).The great variation of geology 
associated with complex lithological composition is responsible for the development of a particular sets of 
geomorphic features such as dissected plateau with escarpments and lineaments, denudational and 
structural hills, pediment, buried pediment with type I shallow buried and type II deeply buried etc. (Table 
2B). 
4.2.1 Dissected plateau 

Differential erosion and weathering processes have resulted into the formation of dissected plateau 
with massive hills and valleys on resistant rocks of the central part of plateau tract which extends from east 
to west direction in Naugarh district covering approximately 20.58 per cent of total area. This region is very 
rough and is criss-crossed with various streams showcasing different features like gorges, intermontanne 
valleys, waterfalls, escarpments lineaments etc. are associated with it and create undulated topography. 
This feature can be easily marked on satellite image by its light grey to dark grey tones depending on 
vegetation covers. 

 A number of escarpments have been observed in northern flank of plateau region where 
weathering of softer rocks has created the front part of lower surface while hard rock makes the escarpment 
(Mishra, 2010). These features are well marked by grey tone with linear to curvilinear shape on  present 
imagery. 

The lineaments are linear, curvilinear features which play a vital role particularly in geomorphic 
and structural analysis. The surface expression of lineaments like joints, fractures etc. has been formed due 
to tectonic stress and strain. These features are responsible for infiltration of surface runoff into subsurface 
and also for movement and storage of ground water (Rao et al, 2001).Lineaments are easily mapable linear 
surface features on imagery which differ distinctly from the patterns of adjacent features and presumably 
reflect subsurface condition. 
4.2.2 Denudational hills and structural hills 

Denudational hills are circular to elliptical ridges clearly marked on image with its dark grey tonal 
appearance. 

The structural hills also known as residual hills which are the end product of the process of 
pediplanation which reduce the original mountain masses into a series of scattered knolls standing on the 
pediplains (Thornbury, 1969). It is prominent on satellite image by its dark to light grey tone with circular 
to elliptical shape. These two features are mainly observed in Naugarh, Chakiya and Sahabganj blocks with 
an approximate area cover of 8.45per cent. 
4.2.3 Pediment 

Pediments are eroded bedrock surfaces characterized by very gentle slope (less than 7˚) and rocky 
floor with thin or no soil cover (Thornbury, 1954). The process of pediment formation is complex and 
naturally involved weathering, rill wash, stream erosion, mass wasting, sheet wash, sheet flood etc. (Ahmad, 
1985). Three types of pediments which are identified in the study area through image interpretation are as 
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follows: Pediments (light to very light tone), Shallow buried pediments (mixed red tone) and deeply buried 
pediment (dark red tone) shared 7.23 percentage areas in the study area. 

Pediment features are characteristics with bare –rocky surfaces associated with bushes at some 
places. Agriculturally this zone is very poor in nature and can be easily identified and delineated with their 
light tone on imagery. 

 Shallow Buried Pediment is characterized with shallow depth of sediment cover associated with 
higher surfaces in the southern and central places of Vindhyan upland. This unit is clearly identified on 
image by light red to mixed red tones with its coarse textures. This feature is associated with the practice of 
moderate to poor cultivation with drought resistant indigenous crops. 

 Buried pediments are characterized with flat surfaces on plateau region which have thin to thick 
cover of unconsolidated materials and these features can mainly observed in south western part of the 
plateau tract. These are very prominent on image because of its red to dark red tones associated with 
pediment. Lithologically, this unit consists of weathered and unconsolidated materials being composed of 
mainly sand, silt, clay and boulders with varying depth at places. The medium to coarse grained 
unconsolidated sub surface material are capable enough to store ground water in the south western part of 
Chandauli district (Sarkar, 2013). 

 

Table 2 B: Image Characteristics of Vindhyan Uplands Units and Their Relation with Land Use and 
Ground Water (Based on IRS-1D, LISS-III, FCC, January 2009) 

Geomorphic Unit 

Tone Texture Shape Size 
Landuse/ 
Land 
Cover 

Lithology  
Groundwater 
Prospect Level I Level II 

Dissected 
Plateau 

Deeply  
dissected 

dark to 
medium 
grey 

smooth to 
medium 

indefinite large 

rock waste, 
Dense 
forest; 
shrubs 
Plantation 

formed over 
various 
lithology 

moderate  
to poor  

Less  
dissected 

light grey coarse  

Escarpment light grey coarse  
linear  
to curvilinear  

small to 
medium 

forest; 
shrubs  

poor  

Lineament dark grey coarse  linear 
small to 
medium 

hill  good 

Hills 

Denudational 
 hill 

dark grey 
smooth to 
medium  circular to 

elliptical  

small to 
medium 

open 
forest; 
plantation 

horizontally 
bedded 
sand stone, 
calcareous 
materials 

moderate  
to poor 

Structural 
 hill 

dark to 
light grey 

coarse  
small to 
medium  

dense 
forest 

poor to  
very poor 

Pediment 

Pediment 
(Type I) 

grey to 
mixes 
white 
grey 

coarse 

indefinite 

large  
moderate 
to poor 
cultivation 

bare rocky 
surface/thin 
soil mixed 
with 
boulder 

poor to  
very poor 

Shallow  
Buried 
Pediment 
(Type II) 

mix red 
medium to 
large  Plantation; 

very good 
to good 
cultivation 

shallow 
over burden 
weathered 
materials moderate  

to good  Deeply  
Buried 
Pediment 
(Type III) 

dark red 
medium to 
coarse 

small  to 
medium  

very thick 
over burden 
weathered 
materials 

Valley  
Intermontane 
valley  

mixed red coarse indefinite  small  
good to 
moderate 
cultivation 

colluvial 
deposits of 
varying size 

moderate 

Source: Prepared by author based on image analysis 
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Figure 2: Subset Image of Chandauli District Superimposed with Blocks Boundaries and a Window 
View of Geo-database of Geomorphic Features 

 
             Source: Prepared by author 
 

Figure 3: Map View of Identified Geomorphic Features in Chandauli District 

 
Source: Prepared by author based on image analysis 
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5. Conclusion 
It is concluded that the application of Remote Sensing technique in combination with GIS provide a useful 
mode for the identification and mapping of geomorphic features after facilitating generation of database 
with overlays and associated attribute characteristics or non-spatial information at regional level . Such 
information can play a crucial role for the proper management of available natural and cultural resources at 
macro, meso and micro level planning of different administrative units. The vast northern alluvial tract of 
the district is very fertile and associated with cultivation of different crops like paddy, wheat, Masoor, millet, 
Arhar, pea, oil seed etc. The southern uplands have is covered with forest patches with limited opportunity 
of crop cultivation except buried pediment zones. 
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