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Abstract  Groundwater study is carried out in the Parbhani district using the field and geophysical investigations 

in order to understand the sub-surface geology and groundwater potential of the area. The area under investigation is 

characterised by the presence of basaltic lava flows of nearly horizontal nature. The basalt flows are classified in to 

two broad categories i.e. vesicular-amygdaloidal (compound pahoehoe type) flow and compact basalt (aa type) 

simple flow depending on their geomorphic expression and nature of the flow. In the present study an attempt is 

made to explore the groundwater bearing formations through the well inventory data of 147 wells from 15 different 

locatins and the geophysical exploration using the Schlumberger vertical electrical resistivity sounding at 12 

different locations with AB/2 105 m and MN/2 10 to 15 m using inverse slope method. The hydrogeological 

interpretation based on resistivity models reveal the water horizons trap within the weathered/fractured basalt flows. 

The results of the resistivity models decipher potential aquifer lying between 30 m and 40 m depth, nevertheless, it 

corroborates with the static water level measurements in the area of study. 
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1. Introduction 

Water is one of the vital resources for development of 

any region. For a country like India, which has 65% of its 

agriculture rain fed, water turns out to be the basic and 

most important resource for agricultural production as 

well as sustenance of human and animal life. Water is 

crucial not only for the agricultural sector but also for 

realizing the full potential of national development. 

Optimum development and efficient utilization of water 

resources, therefore, assume great significance. 

There is ever-increasing demand for freshwater resources 

to meet the requirement of domestic, agricultural and 

industrial sectors. The groundwater pollution and over-

exploitation of sub-surface water posed a serious stress on 

the available resources in the nation. In many parts of the 

country, groundwater development has already reached a 

critical stage, resulting in acute scarcity of the resource.  

Geophysical survey found huge applications in 

hydrogeological studies. Electrical resistivity methods are 

successfully functioning to estimate the thickness of  

the rock formation and also the electrical character of the 

formation. Resistivity exploration provides valuable 

information regarding the groundwater potential [1]. In the 

present study, an attempt has been made to identify the 

sub-surface geological formations and groundwater 

potential zones for appropriate management of the water 

resources. The geophysical investigation techniques have 

been applied successfully for interpreting the characteristics 

of substrata by using microprocessor based resistivity 

meter in order to evaluate the subsurface condition and 

depth of groundwater.  

Parbhani district lies between 18° 45' and 20° 10' N 

latitude and between 76° 13' and 77° 39' E longitude 

(Figure 1). With an area of 6,511.58 sq. km. the district 

hold total population of 1835932. There is one municipal 

corporation, seven Municipal councils, 9 Panchayat 

Samities and 704 Gram Panchayats in the district with a 

total number of 848 villages. 

As a part of the Deccan Plateau, the land of the district 

has a general elevation of about 457.50 metres above the 

sea level. Its highest and lowest levels being 579.73 

metres in the Jintur range about 12.87 km north of 

Charthana village and 366.0 metres above sea level on the 

Godavari bank near the point where the river crosses over 

the district boundary. Pathri (except its northern part), 

Gangakhed and Parbhani tahsils are plain topographically. 

The tahsils lying to the south are also plain to gently 

sloping, but terrain in the parts of Jintur, Palam and 

Sonpeth tahsils are hilly and mountainous in nature. The 

area belongs to semi-arid and subtropical climate with 

average annual rainfall of 774.59 mm. 
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Figure 1. Location Map of Parbhani district 

2. Material and Methods 

The well inventory is carried out at 15 different 

locations through wells of the study area. The study of 

subsurface geology is helpful in understanding the jointing 

pattern, fractures and weathering of various kinds of basalt 

like compact basalt, amygdaloidal basalt and tachylitic 

basalt occurring below the surface. The data is collected 

from 147 existing dug wells through the well inventory. 

The inverse slope vertical electrical resistivity (VES) 

method as suggested by [2] is used to investigate the 

nature of subsurface formation by studying the variations in 

their electrical properties. This method assumes considerable 

importance in the field of ground water exploration because 

of its ease of operation, low cost and its capability to 

distinguish between the saline and fresh water zone. This 

method was tested widely in India, using it in different 

geological situations. It was found to give good results 

correlating well with borehole data. This method is simple 

and gives resistivity values and depths directly from the 

plot of the field data on a linear graph. In the present study 

12 VES data are collected using DDR3 Resistivity meter 

(Model – SSR MP-ATS) made by Integrated Geo 

Instruments & Services Private Limited, Hyderabad. 

Resistivity in the study area varies from 1.076 Ωm to 

115.008 Ωm and this has been correlated by the borehole data. 

3. Geology 

The Parbhani district is occupied by the rocks 

belonging to the Deccan trap formation, (Figure 2) 

represented by almost horizontal lava flows of basaltic 

composition, which have been emplaced from fissures 

towards the close of the Mesozoic era (i.e. late 

Cretaceous), on to the lower Tertiary era (early Eocene). 

These are referred to a Deccan traps owing to their 

prevalent occurrence in the Deccan, and the step-like 

appearance of their exposures. They have a general 

tendency to form flat-topped hills giving rise to plateaus, 

comprising several lava flows, each ranging from a few 

meters 10 to 15 meters in thickness. The various 

lithological units forming a flow may be differentiated 

from one another from their physical characteristics, such 

as their texture, jointing development, and mineralogical 

peculiarities. The Deccan basalts in general exhibit typical 

spheroidal weathering, concentric layers simulating an 

onion being development in weathered boulders. Some of 

these flows are characterized by the presence of a unit 

comprising well-developed columnar joints. 

The basalts give rise to either deep brown to rich red or 

black cotton soil (regur). The regur is rich in plant 

nutrients such as lime, magnesia, iron, variable amount of 

potash and low nitrogen and phosphorous. It is generally 

porous and swells considerably on addition of water and 

dries up with distinct cracks on losing the moisture. 

In study area the Deccan Basalts are mainly of two 

types such as vesicular-amygdalodal basalt flows 

(pahoehoe type) and compact basalt flows (aa type) along 

with other associated features like bands and intrusions of 

Tachylytic basalt, volcanic breccias etc. 

These two basalt flows have distinct field characters, 

important from the point of view of water bearing nature, 

which is described below: 

3.1. Hydrogeological Characters of Basalt 

Flows  

The availability and quantity of groundwater depend 

upon hydrological characters of basalt flows and 

associated features. As basalts are formed after cooling 

and solidification of lava, no pore spaces occur in them. 

Therefore, no pore water occurs in fresh, un-decomposed 

basalt. In basalt water occurs only in joint planes and 
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fractures occurring in basalt. Amygdaloidal basalt 

containing gas cavities is always free from joints when 

they are fresh, whereas compact basalt, which is free from 

gas cavities is found to have joints. The hydrological 

characters of these rocks are explained below. 

3.2. Hydrological Characters of 

Amygdalodial Basalt Flows 

In amygdaloidal basalt original gas cavities are filled up 

with secondary minerals obliterating their original 

vesicular nature. In addition to this, they are unjointed 

therefore; they occur as homogeneous, watertight mass in 

fresh, unweathered conditions (Figure 3a & b). Therefore, 

no rain water percolates through fresh amygdaloidal basalt 

to form groundwater. It is observed that the vesicular – 

amygdaloidal basalt flow is more susceptible to 

weathering and exhibits deep weathering profile. It is 

characterized by the formation of sheet joints. Such 

weathered amygdaloidal basalt contains groundwater 

(Figure 4). However, quantity of groundwater depends 

upon the thickness and extent of weathered zone [3,4]. 

 

Figure 2. Geological map of Parbhani District 
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Figure 3. 

3.3. Hydrological Characters of Compact 

Basalt Flows 

Every compact basalt flow can broadly be demarcated 

into two parts according to their hydrological characters. 

The top portion of compact basalt flow is always vesicular, 

amygdaloidal, unjointed and watertight in fresh condition. 

Only in weathered condition groundwater occurs in it due 

to development of sheet jointing and secondary porosity. 

Therefore, if fresh amygdaloidal top portion of compact 

basalt flow is exposed at the surface no rain water 

percolates through it. If the weathered and sheet jointed 

amygdaloidal top portion of the flow is exposed at the 

surface, then only rain water enters through it forming 

groundwater. 

When jointed middle and lower portions of compact 

basalt flow are exposed at the surface, rain water 

percolates through joints forming groundwater. However 

quantity of percolation of water depends upon joint 

spacing and pattern of jointing. 

In closely spaced jointed basalt considerable quantity of 

rain water percolate through joints (Figure 5a &b). But if 

joints are broadly spaced limited quantity of water 

percolates through it. Basalt having inconsistent jointing 

occurs as watertight mass even though it is jointed. Joints 

generally open out at the surface but gradually, at the 

lower level, they become tight and occur as only weak 

planes. 

Although water percolates through the joints of 

compact basalt, large percolation up to deeper level, 

cannot take place and therefore, compact basalt always 

holds limited quantity of groundwater. 

 

Figure 4. High yielding well in Sheet jointed Amygdaloidal Basalt at Pokharni 
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Figure 5. 

 

Figure 6. Ground water potential map of Parbhani District 
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4. Groundwater Characteristics of the 

Study Area 

Water table in Deccan trap region generally varies with 

topography and the nature of aquifer [5-10]. The rainfall 

also plays an important role in the water level fluctuation. 

The inherent low porosity and low hydraulic 

conductivity of basalts implies that the Deccan basalts 

possess low to moderate storativity and transmissivity [11]. 

The potential of groundwater is more, when the 

transmissivity is enhanced i.e. if the basalts are transacted 

by fracture zones. Typical un-jointed compact basalts do 

not have the ability to store groundwater, whereas the 

vesicular-amygdaloidal basalts due to presence of vesicles 

(open gas cavities) and amygdales (gas cavities filled by 

secondary minerals) tend to be more deeply weathered and 

jointed. However, the presence of vesicles and amygdales 

is not only the deciding factor, but also a combination of 

weathering; jointing and fracture patterns over a particular 

lithology often enhance the potential of basalt aquifers on 

a local scale. The groundwater potential map of the study 

area is given in Figure 6. 

It is also observed that in Jintur tahsil, wells are lined 

for deeper level by concrete lining method in which the 

voids are totally and it restrict the percolation of water 

from shallow level aquifer in to the well. In some part of 

Purna tahsil wells are lined for deeper level by masonry 

rubbles, through which percolation of water from shallow 

aquifer takes place in the wells. 

 

 

Figure 7. Subsurface Geology of Katneshwar Village 

 

Figure 8. Subsurface Geology of Yerandeshwar Village 



 American Journal of Water Resources 129 

 

 

Figure 9. Subsurface Geology of Parbhani 

 

Figure 10. Subsurface Geology of Ekurkha Village 

 

Figure 11. Subsurface Geology of Zari (near Parbhani) Village 
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Figure 12. Subsurface Geology of Rudhi Village 

 

Figure 13. Subsurface Geology of Zari Village 

 

Figure 14. Subsurface Geology of Dudhgaon Village 
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Figure 15. Subsurface Geology of Jogwada Village 

  

Figure 16. Subsurface Geology of Isad Village 

  

Figure 17. Subsurface Geology of Kerwadi Village 
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Figure 18. Subsurface Geology of Takli (Ku) Village 

  

Figure 19. Subsurface Geology of Kolha Village 

  

Figure 20. Subsurface Geology of Deulgaon Awchar Village 
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Figure 21. Subsurface Geology of Pohe Takli Village 

The well inventory is carried out in the specific 

localities of the study area. The wells are studied with 

reference to location, altitude, diameter, depth, lining, 

depth of water level and thickness and type of lithounits. 

The subsurface lithology is illustrated with the help of 

lithologs and well inventory given in Figure 7 to Figure 21. 

The subsurface lithology identified at Katneshwar  

(Figure 7), Yerandeshwar (Figure 8), Parbhani (Figure 9) 

and Isad (Figure 16) illustrate the sequence of deep 

regolith (Soil and murum) followed by jointed compact 

basalt. It is observed the litho-sequence of top regolith 

(Murum) layer followed by weathered amygdaloidal basalt 

and bottom jointed compact basalt sequence is found at 

the areas of Ekrukha (Figure 10), Rudhi (Figure 12),  

Zari (Figure 13), Dudhgaon village (Figure 14), Takli 

Kumbhakaran (Figure 18) and Kolha (Figure 19). The 

litho-sequence of top regolith (Murum) layer followed by 

weathered amygdaloidal basalt at bottom is observed at 

the areas of Kerwadi (Figure 17). The litho-sequence of 

top regolith (Murum) layer followed by jointed compact 

basalt and unjointed compact basalt is found at the areas 

of Zari in Parbhani tahsil (Figure 11), Jogwada (Figure 15) 

and Pohe Takli (Figure 21). The litho-sequence of 

Deulgaon Awchar is quite different from the above  

litho-sequences in the form of Regolith (soil and murun) – 

weathered amygdaloidal basalt – jointed compact basalt – 

volcanic breccia in downward succession (Figure 20). 

5. Geophysical Exploration 

The role of geophysical methods in groundwater 

exploration is vital. Its chief aim is to understand the 

hidden subsurface hydrogeological conditions precisely 

and adequately. Geophysical explorations for groundwater 

are dependent on the facts that rock formations differ in 

their electrical behaviour. Geophysical explorations for 

groundwater includes both surface and sub surface 

techniques. It measures the variation in current flow, 

potential resistivity etc. Geophysical method provides 

indirect picture of sub-surface formation by measuring 

various physical parameter of the earth crust. The 

electrical resistivity survey by far is most suitable method 

for groundwater exploration. Resistivity is an important 

measure of the capacity of the rock to allow an electric 

current through it. Dry, dense, compact and pore-less rock 

offers a greater resistance to electric current compared to 

porous, wet and saturated rocks. The geoelectrical 

resistivity value of the surface to the depth in a rock mass, 

at a point is known as vertical electrical sounding (VES). 

In order to understand the geophysical characteristics of 

Deccan basalt in the area, the study was carried out with 

an idea to delineate the potential aquifer zones that  

can be trapped within the basaltic rocks. The integrated 

geophysical survey includes the 1-D vertical electrical 

sounding (VES). The individual trappean flows in the area 

can be easily identified geologically at shallow depths 

with the help of 0.6–1.5 m (even more) thick marker 

horizons of red boles. However, to understand the basaltic 

layers and its geological set-up, the geophysical resistivity 

survey was carried out at 12 different sites by inverse 

slope method for which the graphs are directly obtained 

from the equipment using Schlumberger configuration (for 

105 m AB/2). Due to large heterogeneity and variability in 

terms of resistivity of hard rock, it was planned and 

carried out in nearby bore wells in order to obtain the 

characteristic resistivity for different layers and to get 

more clearly realistic picture of the sub-surface lithology. 

Bose and Ramakrishna [12] had shown that a combination 

of resistivity sounding and profiling is more effective in 

tackling problems for the location of wells in the Deccan 

Trap area. 

Depth of the occurrence of groundwater and location of 

well sites can be determined more precisely by electrical 

resistivity method. Hydraogeoelectric Characteristics of 

the Harsul area Aurangabad city has been carried out by 

[13]. Senthil Kumar et al [14,15] pointed out that the 

electrical resistivity studies help geologists for the 

determination of hydraulic characteristics of aquifers. The 

characterization of lineaments to locate groundwater 

potential zones [16], flow pattern of groundwater [17] and 

estimation of natural recharge [18] are also possible 
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through electrical resistivity methods. Even the electrical 

resistivity studies have also been employed to swot up 

groundwater pollution [19], to achieve groundwater 

modelling and to estimate groundwater recharge [20,21]. 

Twelve resistivity soundings were carried out throughout 

the study area. The general hydrological condition was 

obtained on the basis of geomorphology setting and 

lithological character of rock exposed in dug wells. 

Representative area of different hydrogeological environment 

was selected for resistivity survey. The Schlumberger 

configuration of spaced electrodes was used in the survey. 

The current electrodes were spaced 105 m apart. 

The VES investigations revealed the presence  

of three prominent geo-electric layers under prevailing 

hydrodynamic conditions. They correspond to the upper 

soil layer, weathered mantle and the basement rock.  

The geophysical studies indicate that the intermediate 

weathered zone and the fractured rocks constitute a single 

aquifer system of varied hydraulic conductivity under 

water table condition. Lithology and groundwater 

conditions, as inferred from the VES, as well as 

hydrological studies, are in agreement with the nearby 

wells. VES findings of these regions indicate that the 

occurrence and movement of groundwater take place 

mostly within the weathered and fractured rocks ``under 

unconfined condition.  

Twelve resistivity soundings, which were carried out 

throughout the study area and obtained of the resistivity, 

compared with the standard value of different unit of 

basalt and then plotted for their curve. The apparent 

resistivity curves are shown in Figure 22 to Figure 23 and 

data is given in Table 1. 

Table 1. Data on resistivity of various localities in Parbhani District 

AB/2 KAT1 KAT2 YER1 YER2 YER3 PBN EKR1 ZAR 1 RUD ZAR 2 DUD1 DUD2 

3 78.003 31.976 12.347 11.484 40.259 4.838 10.597 32.717 8.0209 6.82 9.0486 1.076 

6 92.275 32.387 23.695 19.613 45.556 7.104 10.797 48.353 9.259 8.12 9.1626 5.705 

9 99.505 43.287 26.392 22.719 48.778 9.640 21.985 60.285 11.274 8.48 10.465 7.002 

12 94.509 49.389 38.654 28.594 51.970 12.125 27.951 73.057 13.057 9.15 11.592 7.662 

15 96.176 56.901 49.65 34.959 54.602 13.583 27.312 84.298 13.961 11.43 12.896 8.904 

15 100.47 47.720 43.437 39.517 50.648 13.570 26.948 77.400 14.488 14.04 12.757 7.417 

20 96.057 55.615 36.549 46.800 53.082 14.914 22.580 94.491 15.675 17.22 15.168 15.007 

25 80.787 62.105 36.817 47.872 52.663 16.656 19.238 105.30 16.553 19.83 16.493 10.323 

30 72.641 59.509 34.68 48.660 48.436 17.560 27.664 112.03 18.172 19.64 18.001 11.809 

35 59.525 57.421 29.222 45.402 46.622 17.781 31.256 112.47 19.814 26.36 17.636 12.219 

35 71.227 58.386 32.159 46.950 45.329 18.043 37.456 110.71 19.057 28.98 20.744 14.004 

45 60.302 51.638 35.213 40.075 43.329 17.339 35.083 115.008 21.832 28.57 22.564 14.904 

55 52.027 46.861 37.897 34.304 39.878 20.160 32.027 113.135 23.798 28.23 23.895 18.748 

65 40.355 52.321 38.987 30.981 38.607 21.326 42.238 105.09 25.927 26.8 24.785 17.355 

75 43.768 55.223 40.231 31.222 35.324 22.153 45.545 98.332 28.002 25.11 25.533 20.093 

75 45.665 57.982 42.009 32.908 33.450 22.863 43.243 95.678 27.282 24.19 26.074 20.805 

90 48.783 56.234 45.324 34.007 31.124 24.303 45.802 94.435 34.363 19.23 27.340 21.453 

105 51.223 55.467 48.765 35.320 30.340 24.625 46.781 90.183 33.961 20.12 30.121 21.231 

(KAT1 – Katneshwar1, KAT2 – Katneshwar2, YER1 – Yerandeshwar1, YER2 – Yerandeshwar2, YER3 – Yerandeshwar3, PBN – Parbhani, EKR1 – 

Ekrukha1, ZAR1 – Zari1, ZAR2 – Zari2, RUD – Rudhi, DUD1 – Dudhgaon1 and DUD2 – Dudhgaon2) 

 

Figure 22. Resistivity Curves illustrating AB/2 in meters Vs Resistivity in Ohm-m of 6 sites (KAT1 – Katneshwar1, KAT2 – Katneshwar2, YER1 – 

Yerandeshwar1, YER2 – Yerandeshwar2, YER3 – Yerandeshwar3 and PBN – Parbhani) 
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Figure 23. Resistivity Curves illustrating AB/2 in meters Vs Resistivity in Ohm-m of 6 sites  (EKR1 – Ekrukha1, ZAR1 – Zari1, ZAR2 – Zari2, RUD – 

Rudhi,   DUD1 – Dudhgaon1 and DUD2 – Dudhgaon2) 

Interpretation was made by the method suggested by 

[2,22]. The data obtain is presented in Table 2. The 

generalized range of the resistivity value for different litho 

units in basaltic terrain is as given below (Table 2). 

Table 2. The generalized ranges of the resistivity value 

Resistivity 

range (ohm-m) 
Inferred lithology 

5 - 15 Black cotton soil, alluvial soil, Red bole 

15 - 40 
Saturated Weathered, Fractured Vesicular 

basalt/amygdaloidal basalt with water 

40 - 70 
Moderately weathered or fractured jointed compact 
basalt and weathered vesicular amygdaloidal basalt 

More than 70 Massive/un-jointed compact basalt. 

6. Conclusion 

Based on the resistivity variations both depth wise and 

laterally, it is possible to estimate the depth and the lateral 

distribution of groundwater. The low resistivity values 

less than 40 Ωm are distributed around Parbhani, Rudhi, 

Zari 2, Dudhgaon 1 and 2, indicate the presence of 

weathered zones (first aquifer) which are favourable for 

groundwater accumulation. This is unconfined aquifer and 

sites are also suitable for surface artificial recharge 

structures. Thus it is concluded that processing and 

interpretation of electrical resistivity data yield apparent 

resistivity for different electrode separations which, in turn, 

correspond to lateral resistivity distribution at different 

depths. Higher resistivity i.e. resistivity from 30 Ωm to 

115 Ωm is observed at Katneshwar 1 and 2, Yerandeshwar 

3 and Zari 1. The resistivity data represented low and  

high resistivity zones. These are also correlated with local 

geological setting for a semi quantitative interpretation  

of potential groundwater zones. However, this is also 

useful for suggesting sites and depths for artificial 

recharge. 

Based on the available information and the geophysical 

investigations it is concluded that the study area in 

Parbhani district is considered to have medium to good 

groundwater potential. Productive aquifers are expected 

within weathered/fractured basaltic lavas. Shallow 

aquifers are expected between 30 m and 40 m bgl. 
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