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ABSTRACT 

Hydraulic conductivity was determined from aquifer parameters obtained from 

a geophysical survey in parts of Karuga Area, Chikun LGA of Kaduna State, 

Nigeria. The Singh’s analytical relationship used show that the hydraulic 

conductivity of the lithology in the study area averaged 3.279 x10
-3

m/yr. 

Results are useful in determining the behaviour of the soil fluid within an 

aquifer and the ability of the soil fluid to flow through the aquifer matrix 

system under hydraulic gradient. Furthermore, a geoelectric survey was carried 

out to evaluate the geotechnical parameters of a section of the Millennium City, 

Kaduna, Nigeria. The investigation revealed the area as having a maximum of 

five geologic layers.  Areas for the construction of high rise buildings and 

related engineering structures such as roads, sewage disposal sites and other 

works have been identified. Based on the findings, there are no indications of 

any major linear geologic structure such as fracture or faults that could cause 

building subsidence.  
 

INRODUCTION 

The determination of the hydraulic conductivity of Karuga area, Chikun LGA, Kaduna State 

was carried out using the results obtained from the Vertical Electrical Resistivity (VES) and 

Electromagnetic Very Low Frequency (VLF) surveys. The area under study is located 

approximately within longitudes 7° 490' 034”E and 7
o
491’428”E and Latitudes 10°487'579" N 

and 10
o
487’900”N.  The study area lies within the Precambrian Basement Complex of North 

Western Nigeria (Oyawoye, 1964).  Hydraulic conductivity depends on the soil grain size, the 

structure of the soil matrix, the type of soil fluid, and the relative amount of soil fluid present in 

the soil matrix. The value of hydraulic conductivity at waste disposal sites also helps in 

determining the degree of groundwater pollution (Sundararajan et al. 2007 and Osazuwa and 

Abdullahi, 2008).  
 
Applications of geophysical investigations are used for the determination of geotechnical 

parameters such as depth of bedrock, structural mapping and evaluation of subsoil competence 

(Aboh, 2002). Subsurface geological features such as fractures, voids or cavities, shallow depth 

to the bedrock, near surface depth to the water table are among other common constraints to the 

building construction, especially to their foundation (Opara, 2006). The rampant failure of 

building foundation is not unconnected with the subsurface movement resulting into cracks or 

structural differential settlement (Aboh, 2002). It has been recorded by Adeniran, 2013, that 84 

buildings had collapsed in the past 20 years in Nigeria, claiming more than 400 lives.  Adebajo, 

(2005) identified lack of soil investigation and improper interpretation of site conditions, 

among others, as the main causes of structural collapses and failures in Nigeria. Adebisi and 

Oloruntoba (2006) showed that foundation failures are rarely due to facility structural design; 

they are usually related to failure of the load-bearing foundation with respect to the bed rock of 

the site. The evaluation of geotechnical parameters is therefore a crucial requirement in the 

building and other civil structural development plans.  
 
The Millennium City of Kaduna is a carved out area within Kaduna town, the capital of Kaduna 

State.  The area lies within latitude and longitude of 10° 30.47' N to 10° 31.08' N, and 007° 
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30.06' E to 007° 30.33' E respectively. The location covers a total landmass of 200,000 square 

meters and is has an average height of 607m above the sea level. The rocks of the area are 

capped by laterites; the laterites are sometimes highly consolidated especially at the surface and 

weathered into lateritic nodules mixed with silty and sandy clays (Isaac, et al., 2013). The 

typical rock types underlying the entire land area consist of the Precambrian Migmatite-gneiss 

Complex, meta-sediments/meta-volcanics (mostly schists, quartzites, amphibolites and Banded 

Iron formations) (Oyawoye, 1970). The unweathered bedrock is characterized by rapid grain-

size variations from micro to pegmatic regions but normal sizes are dominant (Isaac, et al., 

2013). The area is drained by both surface water and groundwater.  
 

MATERIALS AND METHOD 

In this survey, a total of thirty Vertical Electrical Sounding (VES) points were acquired at 

maximum spread of 100m with an Omega Resistivity Meter using the Schlumberger 

configuration. Figure 1 shows topographic map of the area as well as the locations of the VES 

profiles and stations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Topographic map of the study area showing VES and Profile locations 
 
For a single point source of current within the subsurface, which assumes homogeneous and 

isotropic conditions, the potential can be derived from two basic equations. 		 Ḕ = ��																																																																																																																																																			�1�		  
where Ḕ =  electric field intensity, J = current density and �	= the resistivity of The Divergence 

condition gives ∇. � = 0                                                                                                          (2) 

Combining equation (1) and (2), the Laplace’s equation is obtained i.e. ∇. � = 
��∇.Ḕ	 = 0                                                                                                                     (3)  

but    Ḕ =	−∇�                                                                                                                       (4) 

Hence J = -  
��∇. �																																																																																																																																		�5�  

Put equation (5) into (3),   ∇. � = 	 1� ∇��																																																																																																																																												�6� 
Where,   Ḕ = electric field, J = current density, � = resistivity and V = Scalar potential 

The Laplacian equation in spherical polar coordinates when applied to equation (6) gives  ∇��  =  
��� �		�� ��� ���� )  + 

��� ��� θ ��θ (  sin θ	 ���θ 	� +	 ������ ! � ��Φ = 0	                                          (7) 

There is complete symmetry of current flowing through  θ	and	Φ	 directions. If a single source 

of current I is introduced into an infinite homogeneous medium, the potential at a distance r 

will only be a function of r, then equation (7) transforms to $ �$% 	+		�� 	$&$�= 0                                                                                                                          (8)  
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(since r≠ 0� 
Or   

��� �		�� (�� ����) = 0		*ℎ,-			�� 	$&$� = . and v = - 	/� + b; where a and b are constants and r is 

the distance from the current electrodes. 

Since v = 0 when I→ ∞  , then b = 0  

Therefore v = - 
/�                                                                                                                         (9) 

The current flows radially through a hemispherical surface in the lower medium becomes  

I = 21��J, but		J = −	�� ∇.� = 	−	�� 
$&$� ; hence I = - 2	1��. �� 

$&$� = -2	7� 	�� 
$&$� = -2

7� .				 this	shows	that		. = −; ��7                                                                                                      (10) 	put	equation	�9�into	�10�,			 @	 = 	 A��7� 																																																																																																																																																				�11�  
If a solid material with constant resistivity is assumed, the current I is introduced through 

electrodes say, A and B respectively, on its surface the potential will be measured across the 

potential electrodes say, M and N at distances r1, r2, R1 and R2 ; appropriate distances between 

both the potential and current electrode spreads respectively. Potential electrodes becomes  ∆� = Vm− 		Vn = 	 E��7 F	( ��G +	 �� 	) 		− 	( �HG +	 �H 	)I																																																																					�12�  
The apparent resistivity is evaluated as 

�/ = 21∆�; 		K 11�� −	 1�� −	 1L� −	 1L�	M																																																																																															�13� 
let k, represent the bracket terms, the geometric factor; which depends on the electrode 

configuration used during the field measurement (Telford et al, 1990). Thus,  �/ = �7∆�E k                                                                                                                                (14)  

The Res ID version 1.00.07 Beta software for resistivity curve and the Surfer version 11 were 

used for the interpretation of the apparent resistivity data and for the surface plots (3D) 

respectively. Figure 2 shows typically the resulting curve and the model parameters after 

quantitative interpretation for VES point 6 along profile 1.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Typical resistivity curves along Profile 1 VES 6 (L1/6) 
 
A total of fifty-five VLF data were acquired and four VES points were sampled in this survey. 

The ABEM Terrameter 300c and Scintrex VLF equipment were used for collecting the D.C 

resistivity and VLF data respectively. The Global Positioning System (GPS) was used for 

situating and determining the coordinates of the data stations. The VES measurements were 

carried out at specific locations which had the feature that assisted in evaluating the hydraulic 

conductivity of the profiles sampled. The sounding points were located on four adjacent 

profiles (trending East- West azimuths and maximum length of 105m and at intervals of 20m). 

The results of the VLF survey carried out on these profiles lay the basis for the choice of the 
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locations so sampled by the VES.  The in-phase and quadrature components of the vertical field 

were plotted for qualitative interpretation.  

 

RESULTS AND DISCUSSION 

Hydraulic Conductivity 
Table 1 shows the aquifer thickness, resistivities and their hydraulic conductivity of the study 

area.  Along profile 1, (Fig. 3), an anomaly is suggested at an approximate distance of 120m.  
 
Table 1: Aquifer thickness, Resistivities and their Hydraulic Conductivity 

S/N Ves 

Point 

Aquifer 

Thickness (M) 

Aquifer 

Resistivity, Ρ 

(Ωm) 

Hydraulic 

Conductivity 

(X10
-3

m/Yr) 

1 VES (1)  7.1 232.20 0.684 

2 VES (2)  19.4 72.30 7.519 

3 VES (3)  14.0 38.10 3.044 

4 VES (4)  13.0 236.70 1.868 
 

 
 

Figure 3: IP/Quadrature for raw and filtered data against Distance along Profile 1 
 
The IP/Quadrature versus distance for the raw data traversed between 100m and 150m. The 

filtered data also traversed between 100m and 150m (10% and -20% in phase). This indicates 

that southwestern part anomaly showed complete wavelength with positive amplitude maxima 

and southeastern part as the negative amplitude minima of the quadrature. The same trend of 

qualitative interpretation was carried after similar plots were carried for the other four profiles. 

On profile 2 shown in Figure 4. 

 

  
Figure 4: IP/Quadrature for raw and filtered data against Distance along Profile 2 
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An anomaly was found at the southwestern part at about 100m. Similarly, on Profile 3, Figure 

5, an anomaly was seen with negative and positive amplitude maxima located at about 120m. 
 

  
Figure 5: IP/Quadrature for raw and filtered data against Distance along Profile 3 

 
On Profile 4, an anomaly is seen between 40m and 100m.  

 

 
Figure 6: IP/Quadrature for raw and filtered data against Distance along Profile 4 
 
A maximum of five geoelectric layers were identified in the study area, VES 1 – 4 (Figures 7- 

10). The basement geometry is averagely 10.9m deep and the thickness of the over-burden is 

observed to have no uniformity beneath the profiles. Profile 4 has the deepest zone within the 

study area with an average depth of 29.2m. Profiles 1 and 4 have a maximum of five 

geoelectric layers while profiles 2 and 3 were found to have a maximum of four layers beneath 

the VES points.  

 

 
Figure 7: Interpreted Curve along Profile 1 
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 Figure 8: Interpreted Curve along Profile 2 
 

 
Figure 9: Interpreted Curve along Profile 3 
  

 
Figure 10: Interpreted Curve along Profile 4 
  
The characteristic resistivities deduced for the various earth materials found alludes to the fact 

that the apparent resistivity values for the basement rocks range from 38.1Ω-m, for the 

weathered basement and 7029.4Ω-m for the fresh basement rocks.  The lithological 

composition of the first layer for all the four profiles is thought to consist of sands, gravels, 

alluvium/clay materials, while the second layer in profiles 1 and 4 consists of weathered 

laterites and quartzites. The third and fourth layers beneath these two profiles are the weathered 

and fractured basement rocks with the crystalline basement forms the fifth layer. Beneath 

profiles 2 and 3 however, the second and third layers are thought to be the weathered basement 

and fractured basement rocks, while the fourth layer is the crystalline basement rocks. The 

cross-over points and their locations from the VLF data plots for these profiles have also 

confirmed the likely presence of underlying formation of faults which is in agreement with the 

general deduction made from the VES interpretations. The deduced aquifer beneath profiles 2 

and 3 having their resistivities values of 72.3 Ω-m and 38.1 Ω-m respectively.  It indicates the 

best aquifer locations within the study area. Thus, the top layer consists of sandy soil, alluvium 

silt/clay, followed by a second layer weathered transition zone (saprock) and a third layer 

partially weathered basement rock and a fourth layer of possible fractured basement rocks. The 

fifth layer is the fresh crystalline basement rocks of infinite depth and thickness. It is observed 

that VES 2 and 3 have only four geoelectric units as possible fractured basement lithology was 
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not interpreted.  It is the apparent resistivities of these aquifers that have been used in 

calculating the values of the hydraulic conductivity beneath the sampled profiles.  
 
Profile 1 with the lowest aquifer thickness of 7.1m, resistivity 232.20Ω-m has the highest 

hydraulic conductivity value, which is 0.684 x10
-3

m/yr. Profile 2 revealed the highest aquifer 

thickness with the value as 19.4m, while the apparent resistivity value is 72.3Ω-m and has the 

lowest hydraulic conductivity value of 7.519 x10
-3

m/yr. Similarly underlying profile 3 revealed 

the next highest aquifer thickness which is 14m, apparent resistivity value found to be 38.1 Ω-

m, while the hydraulic conductivity was found to be 3.044 x10
-3

m/yr. Finally, situated beneath 

profile 4 reveals an aquifer with thickness of about 13m and apparent resistivity value of 

236.70Ω-m and the hydraulic conductivity value found to be 1. 868 x10
-3

m/yr. 
 
The hydraulic conductivities of the aquifer materials beneath the study area were found to be 

3.279 x10
-3

m/yr. Similarly, the average thickness of the deduced aquifers was found to be 

13.375m and average apparent resistivity value of 144.825 Ω-m. The highest elevation in the 

area is 2045m.  
 

Geotechnical Parameters  
The final model geoelectric parameters along the six VES stations were used for the 

preparation of the geoelectric/geologic section for the profiles (Figures 11 – 15).  

 

 

 

 

 

 
Figure  11: Geoelectric/geologic section of profile 1       Figure 12: Geoelectric/geologic section of profile 2 

 

 

 

 

 

 

Figure 13: Geologic/geologic section of profile 3                  Figure 14: Geoelectric/geologic section of profile 4 

 

 

 

 

 

 

 

 

Figure 15: Geolectric/geologic section of profile 5 
 
For the five profiles, the geoelectric/geologic section shows that the area is underlain by a 

maximum of five layers. This consists of lateritic soils/quartzites veins, sandy/silty clay, 

sand/laterites, weathered basement rocks and fractured/fresh basement rocks respectively. The 

first layer, the engineering layer, has thickness varying from 0.3m – 10m across the study area. 
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The top layer parameters for all the five profiles were used to generate isopach and iso-

resistivity maps of the area, which has invariably categorized the area into different competent 

zones. The result of the geoelectric/geological for the various layers across the study area is 

summarized in the isopach and iso-resistivity maps produced (Figures 16, 17 and 18).  
 
The topsoil constitutes the layer within which civil engineering structure(s) are grounded. 

Engineering competence of the subsurface can be qualitatively evaluated from the layer 

resistivity. The higher the layer resistivity value, the higher the competence of a layer (Fadele, 

et al, 2012). Based on the resistivity values of the different geoelectric layers, the various 

geologic units have been classified into different competent zone i.e. low, fairly and high 

competent zone. The fair and high competent zones are suggested as best sites to support 

massive civil engineering structures. The seasonal variation in the saturation of clay caused by 

clay swells and shrinkages causes ground movement and are factors that could contribute to 

structural defect of buildings (Fadele, et al., 2012). The presence of laterites and quartzites in 

the study area beneath the clayey topsoil which extends beyond 2.5m could reduce the danger 

posed by clay formation to large buildings. Other probable causes of foundation defects are the 

growth of tree roots, organic deposits, sinks holes, cavities or ground surface saturation (Fadele, 

et al., 2012).   
 
Figure 16 the isopach map of topsoil shows the thickness distribution varying from 0.2 to 10 m. 

Thickness range between 1.5 and 6.5 m was observed in most part of the area while the range 

of 0.2 and 1.5 m was observed around the southeast, southwest and north-central. The western 

part of the area is characterized by thickness range of between 6.5 and 10 m. These are 

important data required for taking technical decisions before siting key structures.  
 

Figure 17 shows the iso-resistivity of the topsoil of the area. The map shows that the topsoil’s 

resistivity has highly variable values across the area. The values vary from 125 Ωm to 2075 Ωm 

affected mostly by geologic surface feature such as stream and rock outcrops in the area. The 

area with highest resistivity (1000-2100Ωm) was observed around southwest and north part of 

the area. This zone is considered good enough for construction works. The area with relatively 

high resistivity (300Ωm-900Ωm) was observed to dominate most part of the area. According to 

Abdullahi and Udensi (2008), these regions may be considered for Engineering and 

construction purposes. Some parts of north, north-central and Southeast have relatively low in 

resistivity (<300Ωm), which may not be unconnected with the nature of the topsoil and the 

adjacent stream in the study area. These areas could be regarded as weak zones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 16: Isopach map of topsoil    Figure 17: Iso-resistivity map of topsoil 
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Figure 18 shows the iso-resistivity of the basement rock

resistivity values of the basement rock to reveal the distribution of high, medium and low 

indicating the nature, strength and degree of the weathering of the basement of 

area. Aboh and Osazuwa (2000) and Abdullahi and Udensi (2008)

the basement is a function of their degree of weathering and hence its strength. The map shows 

that the study area is underlain

resistivity range from 1000 Ω

5 are highly resistivity (>6000 Ω

and hence very competent. 

northern section of the area. They are suggested to be less competent

(2002), the rocks are have probably 

heavily weathered. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 
 
Figure 19 shows the 3D view of the overburden thickness of the study area. The map reveal

the general topography of the basement rock

thickness varies from 16m to 52m. The North and Southwest part is very thick with average 

value of 42m, some part of NW, SS and East are relatively thick with average thickness of 26m 

and the SW and some part of East are relatively low with the average thickness of 

 

 

 

 

 

 

 

Figure19: Orthographic map projection of 
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foundation design, engineering structural 
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observed to dominate most part of the area

Aboh,et al: Evaluation of Geotechnical parameters in 

 parts of Kaduna, Kaduna state-Nigeria. 

World Journal of Applied Science and Technology, Vol. 8  No. 2 (2016). 108 -117 

 
N 

resistivity of the basement rocks, produced by contouring the 

resistivity values of the basement rock to reveal the distribution of high, medium and low 

the nature, strength and degree of the weathering of the basement of 

Aboh and Osazuwa (2000) and Abdullahi and Udensi (2008) held that 

the basement is a function of their degree of weathering and hence its strength. The map shows 

t the study area is underlain mostly by unfractured basement rock. The values of basement 

resistivity range from 1000 Ωm to 7500 Ωm. The VES stations L2/4 and L5/6 

are highly resistivity (>6000 Ωm). The rocks in these regions are believed to be 

competent. The low basement resistivity rocks featured in the central and 

northern section of the area. They are suggested to be less competent and according to

probably undergone certain low degree of fracturing

Fig. 18: Iso-resistivity of Basement rocks 

shows the 3D view of the overburden thickness of the study area. The map reveal

opography of the basement rocks of area. The plot shows that the overburden 

varies from 16m to 52m. The North and Southwest part is very thick with average 

value of 42m, some part of NW, SS and East are relatively thick with average thickness of 26m 

and the SW and some part of East are relatively low with the average thickness of 

: Orthographic map projection of overburden Thickness 

CONCLUSION AND RECOMMENDATION 

The interpretation of geoelectric data shows that the area is underlain by t

The competence of the soil and rock materials was found to be 

areas where the surfacial cover is loose, clayey especially in 

of the study area might require total excavated before any future structural and 

iring heavy load can be situated. Various degrees of competency for the 

of the area has been identified, as shown in the maps, which should be considered during 

foundation design, engineering structural plans and other related works. The identified high 

regions where the basement materials are highly resistivity (300Ω

observed to dominate most part of the area and where the depths are as appropriate 
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produced by contouring the 

resistivity values of the basement rock to reveal the distribution of high, medium and low 

the nature, strength and degree of the weathering of the basement of rocks of the 

held that the resistivity of 

the basement is a function of their degree of weathering and hence its strength. The map shows 

sement rock. The values of basement 

/6 on profiles 2 and 

m). The rocks in these regions are believed to be crystalline 

basement resistivity rocks featured in the central and 

ccording to Aboh 

ing, faulting or are 

shows the 3D view of the overburden thickness of the study area. The map reveals 

that the overburden 

varies from 16m to 52m. The North and Southwest part is very thick with average 

value of 42m, some part of NW, SS and East are relatively thick with average thickness of 26m 

and the SW and some part of East are relatively low with the average thickness of 18m. 

the area is underlain by three to five 

found to be high and 

, clayey especially in part of southeast 

any future structural and 

Various degrees of competency for the 

which should be considered during 

. The identified high 

Ωm-900Ωm) was 
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suggested as probably good zones for sitting construction works such as high rise building, and 

roads. Parts of the section along the north-central and southeast which have relatively low 

resistivity (<300Ωm), a factor that may not be unconnected with the nature of the topsoil and 

the adjacent stream in the study area, could be regarded as weak zones. The identified zones of 

high material competence and high overbudden thickness could serve as sewage disposal sites. 

Finally, based on the interpreted data, there are no indications of any major linear geological 

structure such as big fracture or faults that could cause building subsidence in the area as the 

rocks of the area have been identified as largely fairly competent. 
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