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quick prospective guides for ground water exploration in 
hard rock aquifer system.
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Introduction

Ground water is a precious natural resource for the survival 
of human beings, as well as for the development aquatic 
and terrestrial ecosystems. Water bearing formation (inter-
connected fractures, lineament, etc.) of the earth’s crust 
acts as conduits for transmission and as reservoirs for stor-
ing water. At present, all over the India as well as some 
other countries ground water resource depleting day by day 
which is not replenished sufficiently. So, an assessment for 
the ground water resource is extremely significant for the 
sustainable management of ground water systems in water 
deficit region. India is an agriculturally developed country 
and about 60–70% of the total population depends on it. 
Thus, the increasing agricultural and industrial development 
led to over exploitation is an important factor for the declina-
tion of ground water resources of the country.

Ground water in hard rock aquifers is essentially con-
fined to fractured and weathered horizons. The occurrence 
and movement of ground water in a region of a hard rock 
terrain are mainly controlled by secondary porosity caused 
by fracturing of the underlying rocks. The study area i.e., 
Gangajalghati block, Bankura district, India, geologically 
belongs to Pre-Cambrian granite gneiss, lateritic mass 
and quaternary alluvium. Chotanagpur Gneissic Com-
plex (CGC) consists of Archean gneiss, amphibolite, dol-
erite and pink granite/ biotite granite gneiss of different 
ages with enclaves of meta-sedimentaries which covers 

Abstract  This study employed with the integration of 
remote sensing (RS) and geographical information sys-
tem (GIS) techniques to delineate ground water potential 
zones for ground water management of Gangajalghati 
block, Bankura district, West Bengal and is located on the 
eastern slope of Chotanagpur plateau and area belongs to 
predominantly Precambrian gneissic terrain, and small area 
belongs to Gondwana deposits and quaternary sediments. 
The groundwater in this region is confined within the weath-
ered residuum and fracture zones in pediment region. Survey 
of India topographical maps and satellite imageries along 
with other data and field observation data have been uti-
lized to prepare various thematic layers viz. drainage, slope, 
lineament, geology, hydrogeomorphic units, land-use/land 
cover, soil, and depth to water level map of this hard rock 
terrain. All the thematic map that influence ground water 
occurrences have been analyzed and integrated through 
GIS analysis based on weights assignment. The weighted 
index overlay method has been followed to delineate ground 
water potential zones. The result revealed that the study area 
can be categorized into four different ground water poten-
tial zones viz., very good, good, moderate, and poor zones. 
The bore well yield data reveals that medium yielding wells 
(50–100 L per min) are in and around the moderate to high 
lineament density zone and buried pediment medium region. 
Afterward validation with well yield data revealed a good 
correlation with respect to the observed ground water poten-
tial zonation. This study is useful for better planning and 
management of ground water resources as well as providing 
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one-third area of the study area, so ground water occur-
rences are mainly concentrated to shallow overburden of 
weathered materials and fracture bed rocks. In the hard 
rock areas, the movement and occurrence of ground water 
depends mainly on the secondary porosity and permeabil-
ity resulting from folding, faulting, fracturing, etc. while 
identification of potential ground water zones could aid 
in proper development and utilization of ground water 
resources for eliminating water scarcity (Rao 2006; Nag 
and Ghosh 2012). In the present study, mannerisms of 
monsoon and diverse physiographic conditions give rise 
to unequal spatial distribution of water, causing serious 
water scarcity in some region. Every year in summer time 
most surface water sources are dry up and majority of 
agricultural land depends on ground water extracted from 
dug wells and shallow tube wells. Unscientific excessive 
pumping of ground water has resulted in drying up most 
of the dug wells and tube wells, which in turn affects the 
livelihoods of the farmers (Das 2016).

Till now, several conventional methods such as geologi-
cal, hydrogeological, geophysical and photogeological tech-
niques were employed to delineate ground water potential 
zones (McNeill 1991; Teeuw 1995; Meijerink 1996; Sander 
et al. 1996; Edet and Okereke 1997; Taylor and Howard 
2000; Shahid et al. 2000; Srivastava and Bhattacharya 2006). 
A number of workers such as Edet and Okereke (1997), 
Murthy (2000), Obi Reddy et al. (2000), Pratap et al. (2000), 
Singh and Prakash (2002) and Jaiswal et al. (2003), Chowd-
hury et al. (2009), Magesh et al. (2012) and Nag and Ghosh 
(2012) and others have used GIS techniques to delineate 
ground water potential zone. In recent years, extensive use 
of satellite data along with conventional maps and rectified 
ground truth data has made it easier to establish the base line 
information for ground water potential zones (Tiwari and 
Rai 1996; Das et al. 1997; Thomas et al. 1999; Harinarayana 
et al. 2000; Muralidhar et al. 2000; Chowdhury et al. 2010).

With the advent of powerful computer, digital technology 
integrate various conventional methods with remote sens-
ing and geographical information system (GIS) technique 
helps to increase the accuracy of results in hydrogeological 
researches as well as delineation of ground water potential 
zones in any region. Furthermore, many authors such as 
Krishnamurthy et al. (1996), Murthy (2000), Sreedevi et al. 
(2001), Sikdar et al. (2004), Srivastava and Bhattacharya 
(2006), Fashae et al. (2014), Ghosh et al. (2015) and others 
have applied both remote sensing techniques and GIS appli-
cations in ground water exploration, delineation of ground 
water potential zones as well as identification of artificial 
recharge sites. Delineating the ground water potential zones 
using remote sensing and GIS is an effective tool for the 
proper evaluation, exploitation and management to ensure 
sustainable development of this seemingly valuable resource 
in this region.

Keeping this fact in mind, it is necessary to understand 
different types of geological structures, rock types, differ-
ent hydrogeomorphic units and their characteristics and how 
hydrological characteristics are evolved in different geomor-
phic units, in order to demonstrate the integrated remote 
sensing and GIS-based methodology for understanding the 
geohydrological condition and identification of ground water 
potentiality in the Gangajalghati block. Integration of remote 
sensing data and the geographical information system (GIS) 
by using Weightage Index Overlay method for the delinea-
tion of ground water resources has given impetus in the field 
of ground water research, assessing, monitoring and man-
agement. Furthermore, such integrated remote sensing and 
GIS approach enables manipulation of large data base for 
large areal extent covering, even in inaccessible areas (Singh 
et al. 2013), thus providing a synoptic view of large areas 
(with associated hydrological information) for rapid and cost 
effective assessment of ground water occurrences (Fig. 1).

Study area

The study area, Gangajalghati block, lies between 
23°18/N–23°31/N latitude and 86°59/E–87°13/E longitude, 
covering an area of 327 km2. It is situated on the northern 
part of the Bankura district, West Bengal, India and is cov-
ered by Survey of India topographical map no. 73M/2 and 
73M/3. The major river system in the study area is Sali river, 
Gandheshwari nadi and Tartora nadi. The relief of the area 
varies between 72 and 158 m above mean sea level. The 
topography of the study area is an undulating plain. The 
study area enjoys a sub topical climate with relatively high 
temperatures during summer season and low temperature 
during winter season. The annual average rainfall in the dis-
trict is around 1350 mm, however about 80% of the rainfall 
occurs within the wet months from June to September. The 
maximum temperature rises to about 40–45 °C by dry land 
winds and a minimum temperature of 12 °C (Das and Gupta 
2014; HDR 2007; Sarkar and Das 2012). The principal soil 
series are loamy skeletal mixed Typic Ustorthents (38.1%), 
fine loamy mixed hyperthermic Ultic Paleustlafs (26.4%) 
and fine loamy mixed hyperthermic Typic Haplaquepts 
(14%).

Materials and methods

Survey of India (SOI) topographical map (73M/2 and 
73M/3, 1:50,000) has been used to prepare base, con-
tour, drainage and slope maps. Satellite images from 
Indian Remote Sensing LISS-III (24.01.2011), on a scale 
of 1:50,000 (geo-coded, with UTM projection, spheroid 
and datum WGS 84, Zone 45 North) have been used 
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for delineation of thematic layers such as lineaments, 
hydrogeomorphic units, and land-use/land cover by geo-
statistical analyst of Arc GIS. The geological map is gen-
erated with the help of District Resource Map of Bankura 
district (2001) and quadrangle map 73M (GSI 1985). The 
soil texture map has been prepared from National Bureau 
of Soil Survey and Land use Planning (NBSS and LUP 
1992) data. Depth to water level and bore well yield data 
have been collected from different wells during field study 
(2013–2014). The ground water potential zones have been 
obtained by overlaying all the thematic maps in terms of 
weighted overlay methods using the spatial analysis tool 
in ArcGIS 10. During weighted overlay analysis, the rank-
ing has been given for each individual parameter of each 
thematic map, and weights were assigned according to the 
multi influencing factor (MIF) of that particular feature on 

the hydro-geological environment of the study area (Sha-
ban et al. 2006; Magesh et al. 2012).

Result and discussion

Geological and hydrogeological settings

Geology/lithology plays an important role in the distribution 
and occurrence of soil as well as ground water in any region. 
The underlying geology of north and north-western part are 
comprises mainly Pre-Cambrian granite gneiss, amphibolite, 
dolerite and pink granite/ biotite granite gneiss of different 
ages with enclaves of meta- sedimentaries. The basement 
terrain of south and central part are underlying by lateritic 
mass and quaternary alluvium. Laterites and ferruginous 

Fig. 1   Location map of the study area
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latosols of lalgarh formation are of Tertiary to middle Pleis-
tocene age (Das 2016).

From hydrogeological point of view, the study area 
maximum covers thick burden of weathered materials and 
fractured bedrock and there has been a developed signifi-
cant aquiferous unit by weathered materials and fractured 
bedrock which forms potential ground water zone (Fig. 2).

Hydrogeomorphology

Geomorphology which reflects various landform and topo-
graphical features of an area is one of the most important cri-
teria for delineation of ground water prospect zone. Surface 
water is one of the important geomorphological agents in 
the development and shaping of landscapes and landforms in 
any area; thus hydrogeomorphological studies are of impor-
tance in the planning and execution of ground water explora-
tion. The hydrogeomorphology in the hard terrain is highly 
influenced by underlying geological formation. The area is 
characterized by a dominant rocky terrain as well as undu-
lating surfaces with lateritic upland and rolling plain land.

Remote-sensing studies provide an opportunity for bet-
ter observation and more systematic analysis of various 
hydrogeomorphic units, lineaments, features following the 

synoptic, multispectral repetitive coverage of the terrain 
(Horton 1945; Kumar and Srivastava 1991; Sharma and 
Jugran 1992; Chatterjee and Bhattacharya 1995; Tiwari and 
Rai 1996). A number of hydrogeomorphic units have been 
identified in this region using IRS LISS III images (Fig. 3).

Weathered pediplain shallow

Weathered pediplain shallow are constituted of uncon-
solidated weathered mantle (regolith), with a negligible 
thickness (0–8 m) and in situ scattered fractured weathered 
materials. This unconsolidated layer and fractured weathered 
material act as aquifers which have a high porosity and a low 
permeability (Acworth 1987).

Buried pediment shallow (BPS)

These are areas of nearly flat to gently sloping topography 
with shallow to moderately deep (0–5 m) red loamy coarse-
textured soils followed by regolith zone. Ground water pros-
pects are moderate to poor.

Fig. 2   Geological map (Based on  GSI 1985; DRM 2001)  of the 
study area

Fig. 3   Hydrogeomorphological map of the study area
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Buried pediment moderate (BPM)

Buried pediment moderate mainly consists of unconsoli-
dated weathered material overburden by thick alluvium or 
gravels greater than shallow pediplain and when saturated, 
this layer constitutes the reservoir of the aquifer.

Dissected lateritic upland and lateritic plain

The dissected lateritic upland areas are evident with the 
presence of dusky red to red skeletal soil followed by mas-
sive laterites and also dissected by rills, gullies and other 
erosional processes. Lateritic upland comprising mainly 
brown latosol with iron nodules (disintegrated duricrust) 
underlain by a lateritic hard pan (Das 2016).

Valley fills

Valley fill is the accumulation zone of colluvial materials 
derived from surrounding uplands, fine loamy to clayey 
soils with moderate to deep soil profile. Soils are basically 
hydromorphic in nature, it has very good porosity and per-
meability but sometimes the presence of clay may make it 
impermeable.

Land‑use and land cover

Land use/land cover (LULC) plays important role in the 
occurrence and development of ground water in any region. 
The major LULC classes are agricultural land (60%), dense 
deciduous forest (14%), land with shrub (2%), waste land 
(3%), rural settlement (12%) and water bodies (3%). These 
LULC classes are delineated by visually interpretation of 
IRS LISS III satellite data and intense field verification 
(Fig. 4).

Slope

Slope is an important factor for the identification of ground 
water potential zones in any region. Steeper slopes causes 
less recharge because of rapid runoff during rainfall, allow-
ing insufficient time to infiltrate the surface and recharge 
the saturated zone (Rokade et al. 2007; Magesh et al. 2012; 
Gumma and Pavelic 2012; Selvam et al. 2012). The areas 
having less slope (< 1) considered excellent for ground water 
storage, because less run off and high infiltration. The areas 
having high slope (> 2) cause relatively high runoff and low 
infiltration hence it is unfavorable for ground water storage 
(Fig. 5).

Fig. 4   Land-use and land cover map (Based on NRSA classification 
scheme 1990) of the study area

Fig. 5   Slope map (After Wentworth method) of the study area
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Lineament and lineament density

Lineaments are natural, linear fractures like faults, joints 
and fractures which can be interpreted directly from satellite 
imagery. By visually interpreting the satellite imagery, the 
lineaments of the study area are picked up and traced on the 
basis of tonal, textural, soil tonal, vegetation, topographic 
and drainage linearity, curvilinear ties and rectilinear ties 
(Drury 1990; Gupta 1991; Lillesand and Kiefer 1994). Line-
aments represent the zones of faulting and fracturing in the 
bed rocks resulting in increased secondary porosity and per-
meability. These factors are hydro-geologically very impor-
tant as they provide the path ways for ground water move-
ment and enhanced well yields can be expected (Magesh 
et al. 2011; Subba Rao et al. 2001). The study area is criss-
crossed with numerous lineaments in the north-western part 
due to rock type and tectonic activity in the past. The rocks 
are mainly composed of igneous and metamorphic rocks in 
Archean and middle Proterozoic age. Thus areas with higher 
lineament density are regarded as good for ground water 
potential. The high lineament density region assigned with 
higher weightage which are closely associated with area 
underlain by pyroxenite, pink granite, and mica schist.

To determine the lineament density in the study area, the 
study area is subdivided into a square grid (1 km × 1 km). 
The lineament density of a single grid has been obtained 
from the values of the total length of the lineaments in a 
single grid (Sl) per unit area (A). The lineament density is 
obtained from the following formula: 

where Ld is the lineament density, ‘Sl’ is the length of line-
ament and ‘A’ is the area. Considering the lineament density 
value of the each grid isopleth method have been employed 
to prepare lineament density map. The area with high linea-
ment density is good site for ground water accumulation and 
has been important parameter for identification ground water 
prospect region in hard rock terrain (Fig. 6).

Soil

Soil texture plays an important role on the amount of infil-
trating water in the ground and hence influences ground 
water recharge. The rate of infiltration largely depends on 
the soil texture and related hydraulic characteristics of the 
soils. The analysis of the soil type reveals that the study area 
is predominantly covered by red sandy loam soil (in shallow 
buried pediments and moderately buried pediments); silty 
clay loam and clay loam soil covered in valley fill (Fig. 7a; 
Table 1).

Ld = Sl /A

Validation with borehole yield data

In the northern part of the study area is characterized by 
pediment of varying weather residuum (BPS and BPM) 
but in some of that area water is retained throughout the 
year, due to unconsolidated weathered material of varying 
lithology, moderate slope and lineaments play an impor-
tant role in recharging the ground water. During summer 
(pre-kharif) and winter season agricultural activity is not 
practiced in extensive area, so ground water discharge is 
relatively low. In lateritic part seasonal water level fluctua-
tion is high and this area facing water scarcity during sum-
mer month. In lateritic formation surface runoff is high 
and lithomarge clay act as impervious strata to prevent 
percolated water moving further downward, so possibility 
of sub surface recharge is very poor (Table 2).

Delineating the ground water potential zone

The ground water potential zones for the study area have 
been generated through the integration of various the-
matic maps viz., drainage, slope, geology, hydrogeomor-
phology, land-use/land cover, lineament, and soil texture 

Fig. 6   Lineament density map (Based on satellite imageries and 
quadrangle map 73M) of the study area
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Fig. 7   a Soil texture map (Based on NBSS and LUP 1992; NRDMS 2014) and b depth to water level (pre monsoon) of the study area

Table 1   Weightage of different 
classes for identification of 
ground water prospect zone. 
Source: Extracted from different 
maps

Theme Class Weightages

Hydro-geomorphological units Valley fill 4
BPM and lateritic plain 3
Buried pediment shallow 2
Dissected lateritic upland 1
Residual hill with pediments 1

Slope < 1° 5
1°–2° 3
> 2° 2

Geology Alluvium 5
Granitic gneiss 3
Pyroxene granulite (anorthosite) 2
Laterite 1

Land use/land cover Water bodies 5
Double crop 5
Forest 4
Mono crop 3
Waste land (scrub land) 2
Built-upland 1

Lineament density > 2 km/km2 5
1–2 km/km2 3
< 1 km/km2 1

Soil texture Sandy loam 5
Silty clay loam 4
Clay loam 3
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using remote sensing and GIS techniques. The weighted 
index overlay (WIO) method has been applied in this 
study where maps are analyses together in a weightage 

combination. Each thematic layer has been given weight-
age according to their strength. The ground water poten-
tial map (Fig. 8) demonstrates that the very good ground 
water potential zone is concentrated in the valley fills due 
to lineament intersection and lineament density is high 
to medium. In the hard rock terrain (western part) linea-
ment act as direct conduits of ground water movement as a 
result depth to water level is shallow in the wells near the 
lineaments but in lateritic upland region (southern part) 
lineaments are in less, so ground water potentiality is very 
low and this area is not suitable for ground water targeting 
(Table 3).

Conclusions

Delineating the ground water potential zones in Gangajal-
ghati block of Bankura district, West Bengal using remote 
sensing and GIS techniques enables quick decision-making 
for sustainable water resources management. To demarcate 
the ground water availability of the Gangajalghati block, 
various thematic maps such as, geology, hydrogeomorphol-
ogy, lineament, slope, soil texture and depth to water level 
map have been prepared from geology map, remote sens-
ing data, topographic maps, and conventional maps using 
Arc GIS software. The various thematic layers have been 
assigned proper weightage and then integrated in the GIS 
environment to prepare the ground water potential zone map 
of the study area. According to the ground water potential 
zone map, this area has been categorized into four differ-
ent zones, namely very good (14%), good (29%), moder-
ate (42%), and poor (15%). On overall analysis it is seen 
that the areas where lineaments are follow the drainage line 
and intersect with each other, covered with valley fills, are 

Table 2   Characteristics of wells and their yield range in the study area. Source: NRSC/ISRO 2006, and ground truth and well observation dur-
ing April–May, 2013–2014 and Nov, 2013–2014

Yield range of wells (LPM) Aquifer material Location and characteristics

20–30 Weathered rock In north-western part in pediment region
30–50 Weathered and fracture rock (impervious material) In the north-western part in buried pediment 

shallow and lateritic upland
50–100 Weathered material and fissured rock In the north-central part mainly characterized 

by buried pediment medium
100–200 Loose sediments (clay)

Unconsolidated sediments mainly colluvium and alluvial channel 
fill

In the eastern part of lateritic plain
In the valley fill (upper) and valley fill (lower)

Fig. 8   Ground water prospect map of the study area
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potential areas for ground water prospecting. Lineament also 
plays an important role to enhance the potentiality of the 
said unit in hard rock region and hence, depth to water level 
in the wells near the lineaments rises considerably during 
monsoon period. The hydrogeomorphological units such 
as valley fill and buried pediment medium are prospective 
zones for ground water exploration and development in the 
study area. The results obtained can be used for sustainable 
management of ground water resources in the area to con-
duct ground water exploration faster and efficiently. This 
method can be widely applied to a vast area with similar 
climate and geology (hard rock terrain) for the exploration of 
suitable sites for ground water exploration and development.
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