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ABSTRACT 

Due to increase in population and pollution of surface water, there is high demand for groundwater within the 

area. As such, this research aimed at investigating the groundwater potential and aquifer protective capacity 

using vertical electrical sounding (VES) and computation of Dar-Zarrouk parameters. 40 locations were 

investigated using Schlumberger array, data was analyzed manually and final plot was processed using 

WinResist. The value of aquifer resistivity and thickness were used to compute the Dar-Zarrouk parameters; 

final map was produced using Surfer software. VES result showed 4-6 layers. The layers are top soil, lateritic, 

compacted sandstone, Sandstone/clay/clayey sand, Aquiferous sandstone/sandy clay and highly compacted 

sandstone/shale. Curve types are AK, K, HA, KH, A, AH, and HK. Aquifer resistivity and thickness values 

range from 19.6 Ωm to 8986.9 Ωm and 2 m to 84.6 m having mean value of 1769.66 Ωm and 29.52m. Depth 

to groundwater varies from 6.8 m to 144.6 m indicating shallow and deeper aquifer depth. Longitudinal 

conductance (Lc) and transverse unit resistance (Tr) value ranges from 0.0052 siemens to 2.9898 siemens and 

435.2 Ωm2 to 584391.4 Ωm2, average value of 0.2455 siemens and 52860.83 Ωm2. Hydraulic conductivity (K) 

and transmissivity (T) value ranges from 0.0793 m/day to 24.0759 m/day and 0.3725 m2/day to 1410.846 

m2/day and mean value of 3.6192 m/day and 122.5311 m2/day. According to the interpreted result, the research 

region has moderate to high groundwater potential and poor to good protective capacity. As a result, the 

outcome can be used as a reference point in groundwater monitoring and management.  
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INTRODUCTION 

Idah Local Government Area is one of the earliest local 

government areas established in Igala-land, dating back to 

1979, with its creation coinciding with that of Dekina and 

Ankpa Local Government Areas. It is bounded by Igalamela 

and Ibaji Local Government Area and River Niger at the east. 

From the knowledge of field mapping carried out within the 

study area, Ocheche, Inachalo, Ofu, Emachi and Ega river are 

tributaries of River Niger, and serves as one of the main rivers 

that spans through the research region. These rivers are 

considered to be contaminated due to increase in population 

and industrialization leading to its unsuitability for drinking 

and other purposes. Also, in the GRA part of Idah, depth to 

ground water is very deep while within the main town the 

depth is intermediate and towards the boundary between Idah 

and Ibaji environment, boreholes depths are shallow. As a 

result, the community now depends on groundwater 

abstracted through hand dug wells and boreholes. Therefore, 

there is need to investigate the nature of its groundwater and 

the depth variation that occur in the area. 

Accessing water, an essential resource for daily life, hinges 

on a comprehensive understanding of geological structures, as 

highlighted by Eyankware and Okeke (2018). Due to its 

inherent natural characteristics, groundwater has emerged as 

a crucial and reliable source of water supply across diverse 

climatic regions worldwide, including tropical areas (Anandhi 

and Kannan, 2018; Singh et al., 2018; Preeja et al., 2011). 

Groundwater is one of the most important sources of water 

supply in settlements especially rural communities and small 

towns in Nigeria. Currently, over 80% of water provided for 

small towns for domestic use is extracted from groundwater 

sources (Adagunodo, 2017a; Kalaivanan et al., 2019). 

Accurately understanding the occurrence, movement, and 

flow direction of groundwater is essential, as it resides within 

underground geologic formations known as aquifers (Kizito 

et al., 2023a, 2023b). The characteristics of these aquifers 

vary significantly based on factors such as geological settings, 

rock or sediment types, and stored water volumes (Okoli et 

al., 2024). Effective environmental management and 

prevention of overexploitation require insight into 

groundwater dynamics. Sustainable extraction methods are 

crucial to prevent adverse environmental impacts like land 

subsidence and seawater intrusion (Emenike et al., 2018). 

Excessive groundwater extraction can have severe long-term 

consequences, including aquifer system degradation and 

diminished water quality. 

The hydro-geoelectrical resistivity technique has been 

extensively applied in groundwater exploration by 

researchers, government agencies, and industries, effectively 

addressing various challenges associated with groundwater 

exploration (Zohdy et al., 1974; Nigm et al., 2008; Thabit and 

Al-hameedawie, 2014; Elbarbary et al., 2021; Simon et al., 

2022; Obasi et al., 2023; Kizito et al., 2023a; Hudu et al., 

2024). Crucial parameters, including hydraulic conductivity, 

transverse resistance, longitudinal conductance, and 

transmissivity, play a vital role in evaluating the groundwater 

potential of a given area (Akidi et al., 2024). Aside the 

application of pumping test, geoelectric techniques have been 

widely used in computing the above aquifer parameters 

through the application of Dar-Zarrouk parameters (Kizito et 

al., 2023; Obasi et al., 2023; Akidi et al., 2024; Hudu et al., 

2024). Despite the importance of evaluating groundwater 

potentials in the Anambra Basin, previous studies are focused 

mainly on the geological and hydrological characteristic of 

the area with limited integration of geophysical data and Dar-

Zarrouk parameters. Furthermore, there is scarcity of 

information on the application of this parameters in estimating 

sedimentary parameters and evaluating groundwater potential 

in Idah and environs. This study aims to bridge this 

knowledge gap by utilizing geophysical data and Dazarouk 

parameters to evaluate the groundwater potentials in the study 

area 
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MATERIALS AND METHODS 

Location and Geologic Setting 

The study area lies within Latitude N703’00’’to 70 11’ 30’’ 

and Longitude E60 44’ 00’’ to E60 57’ 00’’ and covers a land 

mass of 433 km2. The study area covers Achokpa, Ogbogbo 

and Idah town within the Idah local Government (Figure 1). 

The area boasts an efficient drainage system, with notable 

rivers such as Ocheche, Inachalo, Ofu, Emachi, and Ega, 

along with streams that occupy expansive valleys. Idah's 

climate is quintessentially tropical, characterized by two 

distinct seasons: a wet/rainy season and a dry/summer season. 

The rainy season, which spans from April to October, is 

marked by high humidity and intense rainfall, with annual 

precipitation ranging from 1500-2500mm; the heaviest 

rainfall occurs between June and July, subsides, and then 

intensifies again in September (Iloeje, 2001). The local 

economy is primarily driven by farming and fishing, 

leveraging its proximity to the River Niger. While there are 

various small-scale industrial activities, such as bakeries, 

palm oil mills, and block-making enterprises, the area lacks 

robust industrial development, as evidenced by the defunct 

sanitary ware industry established by the state (Bolade et al., 

2021).  

Geologically, the area comprises the Ajali and Mamu 

formations within the Northern Anambra Basin of Nigeria 

(Figure 1). With a significant sediment layer of about 9 km, 

the Cretaceous Anambra Basin provides the perfect 

conditions for intricate chemical processes that may result in 

the creation of commercially viable hydrocarbon reserves 

(Whiteman, 1982). This roughly triangular basin spans 

around 40,000 km2 located in southern-central Nigeria, 

extending northwards along the Benue River (Olubayo, 

2010). The basin's fill is characterized by facies of the Nkporo 

Group and the Coal Measures, as described by Nwajide 

(2013). The Anambra Basin encompasses the sedimentary 

succession directly overlying the southern Benue Trough's 

facies, comprising Campanian to early Paleocene lithofacies. 

This basin hosts a diverse range of economically significant 

geological materials, including metalliferous minerals, 

industrial minerals and rocks, and energy/fuel minerals 

(Nwajide, 2013). The Ajali Sandstone, attributed to fluvial 

deposition (Onyekuru et al., 2023), is characterized by 

massive channels filled with fining-upward sequences of 

conglomeratic sandstones (Nwajide, 2005). 

 

 
Figure 1: Geology map of the study area 
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Data Acquisition and Processing 

Vertical Electrical Sounding (VES) using Schlumberger 

electrode configuration was used to obtained subsurface 

information in forty (40) locations within the study area. 

Conventionally, Schlumberger array used four electrodes; 

two each for current and potential electrodes. These 

electrodes are pegged to the ground in a horizontal at 

equidistance based on the prepared data sheet. Figure 2 

illustrates how field data is collected and how subsurface 

currents interact. 

 

 
Figure 2: Diagram Illustrating Electrical Resistivity Setup (Adapted from Akiang et al., 2024) 

 

The electrode configurations employed in this study featured 

a maximum current electrode spacing (AB/2) ranging from 

1.0m to 200.0m, while the maximum potential electrode 

spacing (MN/2) varied from 0.5m to 15.0m. According to 

Bernard (2003), Anudu et al. (2014), and Obrike et al. (2022), 

the depth of investigation for resistivity sounding with the 

Schlumberger electrode array is roughly 25-33% of the 

distance between the current electrodes (AB/2). Initial 

estimates of the Vertical Electrical Sounding (VES) data were 

obtained using the conventional partial curve matching 

technique, incorporating two-layer master curves and 

auxiliary point diagrams as described by Orellana and 

Mooney (1966). These estimated layer resistivities and 

thicknesses served as starting points for computer-assisted 

interpretation. Subsequent modeling of the one-dimensional 

(1-D) VES curves was performed using the WinResist 1.0 

software, from which layer resistivity, thickness, and depth 

were estimated. 

 

Dar-Zarrouk Parameters 

In groundwater exploration, the VES approach is frequently 

employed to ascertain an aquifer's thickness, resistivity, 

boundary, and depth from its surface (Anudu et al., 2014; 

Obrike et al., 2022). The Dar-Zarrouk parameters derivable 

from VES models include; longitudinal conductance and 

transverse resistance. These parameters made it possible to 

compute the intrinsic hydraulic properties and aquifer 

parameters such as hydraulic conductivity and transmissivity, 

which gives insight regarding the groundwater potentials of 

existing aquifers in the region. The Dar-Zarrouk parameters 

and aquifer properties are calculated using the following 

equations as given by Akpan et al. (2015), Simon et al. (2022), 

Obrike et al., 2022), Obasi et al. (2022, 2023), Kizito et al. 

(2023a, 2023b), Akidi et al. (2024). Contour maps illustrating 

the spatial distribution of the parameters were generated using 

Surfer software (version 25.1.229) with the calculated 

parameter values. 

Longitudinal conductance (Lc) =  
h

ρa
 (Siemens) (1) 

Transverse resistance (TR) =  ρ𝑎h (ohm. m2)  (2) 

𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (K) 

=  386.40 (ρa)−0.93283 (m/day)   (3) 

Transmissivity (T) =  K ×  h (m2/day)    (4) 

Where aquifer thickness and resistivity are denoted by h and 

ρa, respectively. 

 

RESULTS AND DISCUSSION 

The geoelectric layer as presented in Table 1 show four (4) to 

six (6) subsurface lithology with varying resistivity and 

thickness value. The layer includes the top soil, lateritic clay, 

compacted sandstone, Sandstone/clay/clayey sand, 

Aquiferous sandstone/sandy clay and highly compacted 

sandstone/shale as the case may be. The top soil has resistivity 

and thickness ranges from 49.7-932.2 Ωm and 0.305.5 m. The 

thickness and resistivity of lateritic clay range from 7.7-81325 

Ωm, while those of compacted sandstone range from 11.0-

21702.2 Ωm and 1.1-35.6 m. Sandstone or clayey sand has 

resistivity value ranges from 7.7-8986.6 Ωm and 10.4-70.8 m, 

the aquiferous sandstone has resistivity and thickness value 

ranges from 54-20616.5 Ωm and 6.8-84.6, and the highly 

compacted sandstone/shale has resistivity ranges from 503.6-

51103.2 Ωm. The common examples of the VES curves for 

few of the location is presented in Figure 3. 
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Figure 3: Common Examples of VES Curves for Location (a) 1, (b) 2, (c) 5, and (d) 15 

 

Table 1: Summary of VES Geoelectric Layer Parameters  

VES No. Resistivity (Ωm) Thickness (m) Depth (m) Lithology Curve Type 

 1 205.2 

3445.8 

15810.5 

6998.5 

18346.4 

 

0.3 

28.1 

70.80 

30.2 

0.3 

28.4 

99.2 

129.5 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

AK 

2 159.4 

330.1 

6356.7 

82.7 

 

0.7 

5.9 

19.9 

0.7 

6.6 

26.5 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

K 

 3 49.7 

20.0 

1660.5 

1008.7 

19458.0 

 

1.3 

3.4 

10.4 

4.6 

1.3 

4.7 

15.1 

19.8 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

HA 

 4 210.6 

705.4 

237.6 

1388.1 

23397.4 

 

1.5 

3.3 

13.6 

23.6 

1.5 

4.9 

18.4 

42.0 

Top soil 

Lateritic Clay 

Sandstone 

Sandstone/aquifer layer 

Sandstone 

KH 

 5 264.9 

332.1 

169.1 

558.9 

192.9 

448.1 

 

1.7 

2.9 

11.5 

26.9 

60.8 

1.7 

4.6 

16.1 

43.0 

103.9 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone 

Sandstone/aquifer layer 

Sandstone/shale 

KH 

 6 267.7 

2700.7 

139.2 

4261.7 

10000.0 

 

0.4 

1.1 

3.7 

5.7 

0.4 

1.5 

5.2 

10.8 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Sandstone 

Compacted Sandstone 

KH 
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VES No. Resistivity (Ωm) Thickness (m) Depth (m) Lithology Curve Type 

 7 292.6 

1978.3 

1283.9 

8986.6 

10000.0 

0.8 

4.2 

4.7 

5.7 

0.8 

5.1 

9.8 

15.5 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Sandstone 

Compacted sandstone 

 

A 

 8 932.5 

60.5 

922.8 

10365.5 

12349.0 

100000.0 

 

0.5 

1.3 

1.9 

5.2 

4.7 

0.5 

1.7 

3.6 

8.8 

13.5 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Compacted Sandstone 

Compacted sandstone 

HA 

 9 185.5 

1672.8 

108.8 

1534.0 

100000.0 

 

0.4 

1.0 

4.0 

4.3 

0.4 

1.4 

5.4 

9.7 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Compacted Sandstone 

Compacted Sandstone 

KH 

 10 224.7 

3214.5 

1520.1 

138.0 

54.0 

503.6 

 

4.3 

7.7 

9.3 

22.5 

34.9 

4.3 

12.0 

21.3 

43.8 

78.7 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Sandy clay 

Sandstone 

KH 

 11 366.5 

887.1 

3959.0 

870.8 

 

0.4 

5.8 

21.8 

0.4 

6.2 

28.0 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

K 

 12 602.2 

1242.2 

330.4 

596.7 

323.2 

506.1 

 

4.2 

35.6 

40.3 

23.2 

39.6 

4.2 

39.8 

80.1 

103.3 

142.9 

Top soil 

Lateritic Clay 

Sandy clay  

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

KH 

 13 112.5 

8325.5 

443.6 

6273.0 

2125.8 

5409.3 

 

0.5 

4.1 

25.6 

53.1 

30.1 

0.5 

4.6 

30.2 

83.3 

113.9 

Top soil 

Lateritic Clay 

Compacted sandstone 

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

KH 

 14 230.3 

710.7 

5876.9 

1875.9 

18483.2 

 

2.6 

1.4 

19.0 

62.5 

2.6 

4.0 

23.0 

85.5 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

AH 

 15 1024.0 

54.2 

1008.9 

435.6 

51.0 

 

0.4 

2.3 

20.0 

10.3 

0.4 

2.7 

22.7 

33.0 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

HK 

     16 311.8 

969.8 

3004.0 

20616.0 

10000.0 

 

 

 

 

0.4 

4.4 

2.0 

3.9 

0.4 

4.8 

6.8 

10.7 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Compacted Sandstone 

Compacted Sandston 

A 
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VES No. Resistivity (Ωm) Thickness (m) Depth (m) Lithology Curve Type 

17 228.9 

1218.7 

48.5 

2264.3 

 

6.3 

6.9 

23.3 

6.3 

13.2 

36.5 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Compacted sandstone 

KH 

 18 335.5 

1582.4 

5352.4 

6907.7 

5327.9 

 

0.4 

10.0 

12.9 

84.6 

0.4 

10.4 

23.3 

107.9 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

AH 

 19 226.0 

5609.7 

749.1 

5135.1 

51103.2 

 

0.4 

1.9 

18.6 

21.7 

0.4 

2.2 

20.8 

42.5 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Compacted Sandstone 

Compacted sandstone 

KH 

 20 298.2 

3527.4 

1145.5 

629.9 

1451.9 

2742.3 

 

0.4 

2.7 

2.9 

78.6 

59.9 

0.4 

3.2 

6.1 

84.7 

144.6 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Compacted Sandstone 

Compacted Sandtone 

KH 

 21 332.2 

528.4 

3837.5 

319.7 

1482.0 

 

0.5 

7.0 

10.2 

58.1 

0.5 

7.0 

17.1 

75.3 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

KH 

 22 132.7 

301.1 

537.4 

30887.7 

12307.5 

 

0.8 

4.2 

33.2 

32.7 

0.8 

5.0 

38.3 

71.0 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Compacted Sandstone 

Compacted Sandstone 

A 

 23 378.9 

1489.6 

31.8 

107.1 

663.3 

 

5.5 

6.9 

20.6 

24.9 

5.5 

12.5 

33.1 

58.0 

 

Top soil 

Lateritic Clay 

Sandy clay 

Sandstone/aquifer layer 

Sandstone/shale 

KH 

 24 302.8 

15.8 

79.3 

136.4 

399.1 

 

1.2 

39.0 

17.0 

22.4 

1.2 

40.1 

57.2 

79.6 

Top soil 

Lateritic Clay 

Sandy clay 

Sandstone/aquifer layer 

Sandstone 

HA 

 25 238.0 

1041.3 

11.0 

231.0 

918.7 

 

0.5 

1.4 

16.4 

25.7 

0.5 

1.9 

18.2 

44.0 

Top soil 

Lateritic Clay 

Sandy clay 

Sandstone/aquifer layer 

Sandstone 

KH 

 26 348.9 

799.8 

19.6 

24.0 

 

0.6 

3.9 

58.6 

0.6 

4.5 

63.1 

Top soil 

Lateritic Clay 

Sandy clay 

Sandstone/aquifer layer 

KH 

 27 346.7 

7.7 

67.2 

7.7 

64.2 

 

 

1.7 

3.8 

11.3 

34.1 

1.7 

5.4 

16.8 

50.8 

Top soil 

Lateritic Clay 

Sandy clay 

Claye sand/aquifer layer 

Sandstone 

HK 
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VES No. Resistivity (Ωm) Thickness (m) Depth (m) Lithology Curve Type 

 28 381.8 

1592.6 

32.8 

235.5 

235.5 

 

5.5 

6.7 

25.6 

27.7 

5.5 

12.2 

37.8 

65.5 

Top soil 

Lateritic Clay 

Sandy clay 

Sandstone/aquifer layer 

Sandstone 

KH 

 29 318.7 

12.0 

29.9 

45.9 

265.5 

 

3.7 

36.5 

21.0 

18.0 

3.7 

40.2 

61.2 

79.2 

Top soil 

Lateritic Clay 

Sandy clay 

Sandstone/aquifer layer 

Sandstone 

HA 

     30 380.2 

1320.6 

8625.9 

1392.1 

2583.9 

 

0.5 

7.6 

23.1 

66.6 

0.5 

8.1 

31.2 

97.8 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Compacted Sandstone 

KH 

     31 262.8 

106.6 

802.6 

404.9 

3966.8 

 

1.8 

30.6 

19.0 

7.1 

1.8 

32.3 

51.3 

58.4 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Compacted Sandstone 

HA 

 32 387.0 

499.8 

14.4 

45.8 

270.7 

 

0.7 

7.3 

44.5 

22.6 

0.7 

8.0 

52.5 

75.1 

Top soil 

Lateritic Clay 

Sandy clay 

Clayey Sand/aquifer layer 

Sandstone 

KH 

33 163.8 

318.3 

9.5 

20.5 

27.6 

 

0.7 

1.3 

29.1 

45.8 

0.7 

20 

31.1 

76.9 

Top soil 

Lateritic Clay 

Clayey sand 

Sandy clay/aquifer layer 

Sandstone 

KH 

 34 325.2 

2012.9 

2376.2 

56241.5 

7001.6 

15065.4 

 

0.8 

5.3 

16.7 

100.0 

18.2 

0.8 

6.1 

22.8 

122.8 

141.0 

Top soil 

Lateritic Clay 

Compacted sandstone 

Compacted sandstone 

Sandstone/aquifer layer 

Compacted Sandstone 

HA 

 35 212.2 

2312.6 

4154.5 

553.5 

 

2.4 

4.8 

31.3 

2.4 

7.2 

38.4 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

K 

 36 345.0 

55.8 

28.7 

2.7 

276.9 

 

2.9 

2.3 

8.2 

18.9 

2.9 

5.2 

13.3 

32.3 

Top soil 

Lateritic Clay 

Sandy clay 

Clay 

Sandstone/aquifer layer 

HA 

 37 262.0 

4249.1 

1139.6 

1969.8 

2885.0 

 

1.0 

4.6 

36.2 

18.0 

1.0 

5.6 

41.8 

59.7 

Top soil 

Lateritic Clay 

Sandstone/aquifer layer 

Compacted Sandstone 

Compacted sandstone 

KH 

     38 204.8 

1748.9 

290.7 

28805.4 

6823.5 

19801.3 

0.4 

2.6 

12.2 

85.8 

27.8 

0.4 

3.0 

15.2 

101.1 

128.7 

Top soil 

Lateritic Clay 

Sandstone 

Compacted sandstone 

Sandstone/aquifer layer 

Compacted Sandstone 

KH 
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VES No. Resistivity (Ωm) Thickness (m) Depth (m) Lithology Curve Type 

 39 402.9 

2001.7 

21702.2 

8415.0 

5036.9 

 

1.4 

12.6 

36.4 

27.2 

1.4 

14.0 

50.4 

77.6 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Sandstone 

K 

 40 374.9 

1284.5 

3740.8 

964.3 

1770.3 

16098.1 

1.1 

5.7 

19.5 

30.4 

18.1 

1.1 

6.7 

26.2 

56.6 

74.8 

Top soil 

Lateritic Clay 

Compacted sandstone 

Sandstone/aquifer layer 

Compacted Sandstone 

Compacted Sandstone 

KH 

 

The major curve types are AK (VES 1), K (VES 2, 11, 35, and 

39), HA (VES 3, 8, 24, 29, 31, 34, and 36), KH (VES 4, 5, 6, 

9, 10, 12, 13, 17, 19, 20, 21, 23, 25, 26, 28, 30, 32, 33, 37, 38, 

and 40), A (VES 7, 16, and 22), AH (VES 14 and 18) and HK 

(VES 15 and 27). 

The aquifer resistivity values range from 19.6 Ωm to 8986.9 

Ωm with an average value of 1769.66 Ωm (Table 2). There is 

variation of resistivity value due to the difference lithology 

that characterized the area. Aquifer thickness values range 

from 2 to 84.6 m, with an average of 29.52 m (Table 2). Each 

type of rock has a different aquifer resistivity and thickness 

value, as shown in Table 1. Obasi et al. (2021, 2022) stated 

that, areas that are underlain by shales and poorly 

consolidated sandstones, their resistivity values are much 

lower than their older and highly consolidated counterparts. 

Also, low resistivity values in sandstones are often a function 

of porosity, clay type and content, temperature, salinity, 

dissolved heavy metal content and to a large extent the degree 

of saturation (Ebong et al., 2014; Obrike et al., 2022). 

Therefore, the aquifer resistivity and thickness were used to 

classified the groundwater potential of the area. The classes 

are low, moderate and good groundwater potential with 

majority of the VES points within the moderate and good 

groundwater potential. Figure 4 is the aquifer resistivity map 

which showed that the majority of the area underlain by the 

Mamu formation in the southern part and part of the Ajali 

formation in the northwestern part of the study area is 

characterized by low resistivity value. This low resistivity 

value in the Mamu formation is as a result of clayey sand 

material while that of the Ajali formation may represent the 

unconsolidated sandstone with high porosity. Aquifer 

thickness map (Figure 5) indicated high value at the extreme 

of the eastern part and northwestern part of the study area 

which correlate mostly with areas underlain by the low 

resistivity value. 

 

 
Figure 4: Aquifer Resistivity Map 

 

The value of depth to groundwater varies from 6.8 m to 144.6 

m with a mean value of 66.86 m indicating shallow aquifer 

depth for developing hand dug wells and deeper aquifer depth 

for developing a motorized borehole (Table 2). Most of the 

deeper aquifer are found in an area underlain by the Ajali 

Sandstone in the research region (Figure 6). 
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Figure 5: Aquifer Thickness Map 

 

Table 2: Calculated Aquifer Properties from the Geoelectric Data 

VES No. Resistivity 

(Ωm) 

Thickness (m) Depth (m) Lc 

(Siemens) TR (Ωm2) K (m/day) T (m2/day) 

Minimum 19.6 2 6.8 0.000523 435.2 0.079249 0.372468 

Maximum 8986.9 84.6 144.6 2.989796 584391.4 24.07586 1410.846 

Average 1769.66 29.52 66.85 0.245477 52860.83 3.619182 122.5311 

 

 
Figure 6: Aquifer Depth Map 

 

Longitudinal conductance (Lc) has an average value of 

0.2455 siemens with a range of 0.0052 to 2.9898 siemens 

(Table 2). The longitudinal conductance showed that the 

research region has low to high longitudinal conductance 

(poor to good protective capacity) using the classification 

scheme given in Table 3. This implies that regions with poor 

longitudinal conductance have a limited ability to protect, and 

it also suggests that the local aquifer is vulnerable to 

contamination (Obasi et al., 2022; Kizito et al., 2023a; Hudu 

et al., 2024). The longitudinal conductance map (Figure 7) 

showed a kind of diagonal increase from the southeast to the 

northwest within the study area which also indicated the area 

underlain by loose sandstone and clay has having high value. 
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Figure 7: Longitudinal Conductance Map 

 

The value of transverse unit resistance (Tr) ranges from 435.2 

Ωm2 to 584391.4 Ωm2 with an average value of 52860.83 

Ωm2 (Table 2). Transverse resistance is a vital parameter that 

quantifies the opposition groundwater faces when flowing 

perpendicular to the hydraulic gradient through an aquifer 

(Akidi et al., 2024) and it is synonymous to aquifer yield 

(Simon et al., 2022; Hudu et al., 2024). The transverse 

resistance map (Figure 8) showed low value at southern and 

few part of the northwestern region of the study area which 

correlate with what was revealed by the resistivity map of the 

study area. 

 

 
Figure 8: Transverse Resistance Map 

 

Hydraulic conductivity (K) has value that ranges from 0.0793 

m/day to 24.0759 m/day and mean value of 3.6192 m/day 

(Table 2). While the value of transmissivity (T) ranges from 

0.3725 m2/day to 1410.846 m2/day with an average value of 

122.5311 m2/day (Table 2).  Elevated hydraulic conductivity 

and transmissivity values signify a well-connected aquifer, 

enhanced permeability, and facilitated groundwater 

movement, ultimately leading to higher water yields. In 

contrast, poorly connected aquifer materials hinder 

groundwater flow, resulting in diminished yields (Opara et al., 

2020). Based on the Krasny (1993) classification of 

transmissivity (Table 4) indicated that study area has very low 

to very high groundwater classification with majority area 

having moderate to very high classes. The transmissivity map 

(Figure 9) showed that the extreme end of the eastern region 

of the study area is characterized by high to very high 

transmissivity value while the remaining area is dominated by 

low to moderate transmissivity value. This indicated that the 

extreme end of the eastern region has high permeability as 

compared to other areas and this is also seen in the hydraulic 

conductivity map (Figure 10). 
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Table 3: Aquifer Protective Capacity Ranges (Henriet, 1976; Oladapo et al., 2004)  

Longitudinal Conductance (mhom) Protective Capacity Classification 

>10 Excellent 

5 - 10 Very good 

0.7 - 4.9 Good  

0.2 - 0.69 Moderate  

0.1 – 0.19 weak 

<0.1 poor 

 

Table 4: Aquifer Transmissivity Classification (Krasny, 1993)  

Transmissivity (m2/day) Classification Groundwater Supply Potential 

>1000 Very High Great Regional Supply 

100 - 1000 High Lesser Regional Supply 

10.0 - 100 Intermediate  Great Local Supply 

1.0 - 10.0 Low  Smaller Local Supply 

0.1 - 1.0 Very Low Limited Local Supply 

<0.1 Impermeable Difficult Water Supply 

 

 
Figure 9: Transmissivity Map 

 

CONCLUSION 

The aquifer potential and protective capacity of Idah and its 

surroundings were assessed using data from Vertical 

Electrical Sounding (VES) and Dar-Zarrouk parameters, with 

the goal of informing sustainable water resources 

management practices. The geoelectric layer as revealed by 

VES graphs, showed four (4) to six (6) subsurface lithology 

with varying resistivity and thickness value. The layer 

includes the top soil, lateritic clay, compacted sandstone, 

Sandstone/clay/clayey sand, Aquiferous sandstone/sandy clay 

and highly compacted sandstone/shale as the case may be. 

The major curve types are AK, K, HA, KH, A, AH, and HK. 

The interpreted aquifer resistivity, showed that the southern 

and northwestern region is characterized by low value as a 

result of clayey and unconsolidated sandstone. This area with 

low aquifer resistivity also revealed high aquifer protective 

capacity and as such, the aquifers within this region has less 

groundwater contamination. Hydraulic conductivity and 

Transmissivity value indicated that the research region has 

groundwater potential class ranges from low to very high with 

the extreme eastern region having high to very high 

groundwater potential. 
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