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Abstract. The rocks in the Basement Complexof southwestern Nigeria exhibit electrical anisotropy as
a result of their heterogeneous nature caused by weathering, near-surface effects or presence of
fractures. It is known that groundwater yield (Y) in a typical Basement Complex aquifers is related to
its coefficient of anisotropy (). Therefore, it is essential to study the correlation between Y and A in
the basement complex. Ten (10) vertical electrical sounding (VES) points using Schlumberger array
were studied in areas underlain by migmatite gneiss and quartzite rocks. The current electrode spacing
(AB/2) varies from 1 m to a maximum spread length of 100 m. The quantitative interpretation of VES
curves was done by using partial curve matching and computer assisted program called WinResist
version 1.0 software. Dar Zarrouk parameters were estimated from the interpreted VES curves and
thus coefficient of anisotropy (L) was calculated from these parameters. Data on the groundwater
yield at the VES points were also obtained. The results show that as A increases, Y also increases with
coefficient of correlation (R?) of 0.86 and 0.79 for migmatite gneiss and quartzite rocks respectively.
To further investigate the relationship between Y andX, a regression analysis was performed. The
regression analysis that was performed on the dataset shows that A contributes significantly to the
regression models of the two rocks. The relationship between Y and A reveals that groundwater yield
could be predicted from the values of A in a given locality.

Keywords: Anisotropy, regression, groundwater yield, Dar Zarrouk.

1. Introduction

The exploitation of groundwater in the Basement Complex rocks as an addition to surface water for
both industrial and domestic uses is a common practice in areas that are made up of basement complex
rocks. The principal aquifer unit in the Basement Complex are the saturated weathered or fractured
zones [1-2], although the clayey/sand zone overlying the weathered zone might also have some
significant amount of groundwater. However, the amount of groundwater that are accumulated in
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these fractured/weathered zones depends on effective porosity (¢.) of the aquifer; where . refers to
both the primary (¢,) and secondary porosities (¢;) of the aquifer. The basement rocks are made up of
very small ¢, therefore the effective porosity of these rocks is mainly due to their ¢ [1]. The amount
of groundwater accumulation (G,) is therefore directly proportional the value of ¢.. Moreover,
according to Archie [3], the permeability (K) of an aquifer is directly related to its ¢., hence the
groundwater yield (Y) is related to the amount of groundwater accumulation and K in a given aquifer.

Therefore, both G, and K depend on porosity and thus, Y is indirectly proportional to <I>e[1]-
Furthermore, it has been established that rocks in the Basement Complex exhibit anisotropy due to
their heterogeneous nature [4-5]. The heterogeneous nature may be as a result of varying extent of
weathering, near surface effects and existence of features such as faults, joints and foliation [5]. The
presence of these features in basement rocks also create ¢sand thus ¢.. Therefore, ¢. can be used to
determine the coefficient of anisotropy (A). Moreover, Y in a Basement Complex aquifers is a function
ofits A[1;6].Several studies have used vertical electrical sounding (VES) to study the development and
assessment of groundwater in the basement complex terrain of Nigeria [7-12]. Therefore, this study
aims at investigating the relationship between Y and A; and develop a regression model between them
in Basement Complex areas of southwestern Nigeria.

2. Description and geology of the study area

The area under study isBolorunduro in Akure, Ondo State, Nigeria and lies within longitude 5°07'00"
to 5°08'04" E and latitude 7°14'02" to 7°15'10" (Fig. 1). The area is generally typified by uniformly
high temperature, heavy and well distributed rainfall throughout the year with mean annual
temperature of 24 to 27 °C. The rainfall in the area ranges between 1500 and 3500 mm per year having
its peaks in July and September [13]. In term of geology, the area is part of the Precambrian Basement
Complex rocks of southwestern Nigeria. The principal rock types in the study area are migmatite
gneiss and quartzite (Fig. 1).
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3. Methodology

3.1 Geophysical investigation

Vertical electrical sounding (VES) data, using Schlumberger array, wereacquired with a Campus
Ohmega resistivity meter. Ten (10) VES points were studied with electrode spacing (AB/2) of current
ranging from 1 to 100 m. Five (5) of the VES sites were located in area that is composed of migmatite
gneiss rock while the other five were located within quartzite rocksin Bolorunduro and its environs.
The quantitative interpretation of VES curves were done by using partial curve matching and
computer assisted program using WinResist version 1.0 software.

3.2 Coefficient of anisotropy (1) determination
Anisotropic coefficient could be estimated from geoelectric parameters: layer resistivity (p) and
thickness (h) [9]. Both h and p were obtained from quantitative interpretation of VES data.
The longitudinal conductance (S) can be calculated using equation 1 [15]:
n

a (1)
= Pi
where n is the number of layers, h; is the layer’s thickness and p; is the layer’s resistivity.

S =
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Also, transverse resistance (T) in a geoelectric section could be calculated using equation 2.
n

T = Z hip; (2)
i=1

=
Moreover, longitudinal resistivity (p;) can be estimated using the relation in equation 3:
H

=7 3)
where H is the addition of thicknesses in the rock unit.
Likewise transverse resistivity (p;) can be calculated using equation 4.
T

Pt =7 %)
H
Therefore, the coefficient of anisotropy (A) can be determined using equation 5.
VTS
= [Re=X2 )
pp H

In this study, A refers to the overburden anisotropic coefficient. The groundwater yield at the location
of the borehole within the VES location was also obtained.

4. Results and Discussion

The typical curve types identifiedin the study area are shown in Fig. 2a-f. Table 1 also shows the
interpretation of VES data. The geophysical interpretation reveals that the area is made up of three to
four lithology which are top soil, weathered basement (clayey), compacted lateritic clay and fractured
basement with variable resistivities and thicknesses as seen in Table 1. The hydrogeological
interpretation from the VES datausing the resistivity values and thicknessesshows that the area under
study is composed of fairly good aquifer potential to good aquifer potential[16].
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Fig. 2: Typical curve types in the study area (a) H-type (b) K-type (c) HK-type (d) A-type (e) QH-type

(f) KH-type.

Table 1. Summary of the geophysical interpretation

VES Rock Curve Layer Resistivity Thickness Depth  Lithology = Hydrogeological
Type Type (Ohm-m) (m) (m) Significance
1 Migmatite H 1 230 0.7 0.7 Topsoil -
Gneiss 2 83 4.2 4.9 Weathered Fairly good
basement aquifer potential
(clayey)
3 523 - - Fractured Good aquifer
basement potential
2 Migmatite H 1 236 1.0 1.0 Topsoil -
Gnheiss 2 44 8.3 9.3 Weathered Fairly good
basement aquifer potential
(clayey)
3 684 - - Fractured Good aquifer
basement potential
3 Migmatite H 1 63 0.7 0.7 Topsoil -
Gnheiss 2 21 5.2 5.9 Weathered Fairly good
basement aquifer potential
(clayey)
3 261 - - Fractured Good aquifer
basement potential
4 Migmatite H 1 260 14 14 Topsoil -
Gnheiss 2 64 7.7 9.1 Weathered Fairly good
basement aquifer potential
(clayey)
3 744 - - Fractured Good aquifer
basement potential
5 Migmatite H 1 767 11 11 Topsoil -
Gneiss 2 355 6.9 8.0 Weathered Fairly good
basement aquifer potential
3 1023 - - Partially Fairly good
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Table 2 shows the results of the Dar Zarrouk parameters, coefficient of anisotropy and groundwater
yield. The table shows that A values for the two rock types are greater than 1 which is typical of
Basememt Complex rocks [1]. Coefficient of anisotropy ranges from 1.02 to 1.16 for migmatite

gneiss, while that of quartzite ranges from 1.00 to 1.48.
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Table 2.Result of Dar Zarrouk parameters, anisotropic coefficient and groundwater yield

Location Rocktype S(mhos) T (Qm? H P (Qm) Pt (Qm) A Y

(m) (I7s)

1 Migmatite  0.05358 510.3 49 0145203 104.1429 1.067131792 0.50
Gneiss

2 Migmatite 0.1933 600.47 9.3 48.11174 64.56667 1.158453579 0.67
Gneiss

3 Migmatite  0.25759 153.68 5.9 2290462 26.04746 1.066402523 0.58
Gneiss

4 Migmatite  0.12589 855.47 9.1 72.28533 94.00769 1.140398445 0.62
Gneiss

5 Migmatite  0.02087 3292.87 8.1 388.1169 406.5272 1.023442619 0.48
Gneiss

6 Quartzite  0.112667 8840.35 315 279.585 280.646  1.001895766 0.60

7 Quartzite  0.030045 11819.34 17 565.8179 695.2553 1.108495146 0.68

8 Quartzite  0.047289 739.55 5,5 116.3061 134.4636 1.075229439 0.73

9 Quartzite 1.1363 688.58 18.9 16.63293 36.4328  1.480000634 0.82

10 Quartzite 0.04324 5865.21 14.7 339.963 398.9939 1.083346267 0.68

Figs. 3 and 4 show the plots of Y against A for the two rock types in the area respectively. The figures
show that Y increase with an increase in A for the two rock types[l; 17]as well ascorrelation
coefficients (R?) of 0.86 for migmatite gneiss rock and 0.79 for quartzite rock. The relatively high R?
obtained between Y and A for both rock types indicate that the extent of heterogeneity of the
overburden has influence on the groundwater yield.

Groundwater Yield (l/s)

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

1 1.02

1.04

Migmatite

y=1.3136x- 0.8633
R?=0.8579

1.06 1.08 11 1.12

Coefficient of anisotropy

1.14

1.16 1.18

Fig. 3: Plot of groundwater yield against the coefficient of anisotropy for migmatite gneiss rock
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Fig. 4: Plot of groundwater yield against the coefficient of anisotropy for quartzite rock.

To further investigate the relationship between Y and A, a regression analysis was done using Minitab
17 software at 5% level of significance. Given a model as shown in equation 6 [18]:
Z=Po+pX+ € (6)

where Z is the response variable (groundwater yield), X is the explanatory variable (coefficient of
anisotropy), e is the residual error, By is the slope and B is the intercept which vary from rock to rocks
and depending on the composition and nature of the near surface processes. The purpose of the
statistical study is to establish whether there is a linear relationship between the response variable
(groundwater vyield)and an explanatory variable (coefficient of anisotropy) so as to affirm the
relationship given in Figs. 3 and 4[1; 16]. The hypothesis used for the statistical analysis is given thus:

Null hypothesis (Ho): p =0 (7a)

Alternate hypothesis (Hy): B #0 (7b)
Fig. 5a and b show the residual plots for the statistical analysis. From the figure, the normal
probability plot in the form of Anderson Darling test reveals that the response variable for the
parameters considered are normal. The histograms also show normality. The plot for the residual
versus fit affirmed the homogeneity of the variance as no patterned plot was observed. The plots for
the residual versus order show the independent relationship that exist between points as no particular
trend was developed.
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Fig. 5: Residual plots for yield (a) Migmatite gneiss (b) Quartzite

The two-way analysis of variance (ANOVA) table in Table 3 for migmatite gneiss rock shows that p-
value (0.024) is less than the level of significance (0.05), hence the null hypothesis is rejected and we
can conclude that coefficient of anisotropy contributes significantly to the model (groundwater yield).
Likewise for quartzite rock (Table 4), the p-value (0.043) is less than the level of significance (0.05),
and the null hypothesis would also be rejected thereby concluding that coefficient of anisotropy
contributes significantly to the model (groundwater yield). The R? for the model are 81.06% and
79.4% respectively for migmatite gneiss and quartzite rocks.

Table 3.Regression Analysis: Yield versus coefficient of anisotropy for migmatite gneiss rock

ANOVA

Source DF Adj SS Adj MS F-Value P-Value
Regression 1 0.021963 0.021963 18.12 0.024
Coefficient of 1 0.021963 0.021963 18.12 0.024

anisotropy

Error 3 0.003637 0.001212

Total 4 0.025600

Summary of Model
S R? R? (adjusted)  R? (predicted)

0.0348169 85.79% 81.06% 72.42% |

DF is the degree of freedom, Adj SS is the adjusted sum of squares and Adj MS is adjusted mean
square

Table 4.Regression Analysis: Yield versus coefficient of anisotropy for quartzite rock

ANOVA

Source DF Adj SS Adj MS F-Value P-Value
Regression 1 0.020703 0.020703 11.55 0.043
Coefficient of 1 0.020703 0.020703 11.55 0.043

anisotropy

Error 3 0.005377 0.001792

Total 4 0.026080

Summary OF Model
S R? R? (adjusted)  R? (predicted)
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| 0.0423368 79.38% 72.51% 71.45% |

Therefore, the regression models for migmatite gneiss and quartzite rocks are given by equations 8 and
9 respectively

Yield = —0.863 + 1.314 coef ficient of anisotropy (8)

Yield = 0.264 + 0.381 coef ficient of anisotropy €)
The relatively high prediction R* of 72% and 71% respectively for migmatite gneiss and quartzite
rocks respectively indicate that the regressions models in equations 8 and 9 are reliable.

5. Conclusions

An increase in the overburden coefficient of anisotropy also leads to increase in Y in the Basement
Complex rocks of southwestern Nigeria. The interrelationship between these two factors (groundwater
yield and coefficient of anisotropy) could be estimated by a linear equation as determined by
regression analysis for the two rock types investigated. The regression equations could be applied for
rocks with similar characteristics as the ones in the study area. An overlap was observed in the values
of coefficient of anisotropy for both migmatite gneiss and quartzite rocks, although quartzite rock has
a relatively higher mean value. Therefore, it is possible to employ A to differentiate lithology broadly
especially in areas where the geology is known. This study is in agreement with the study conducted
by Olorunfemi et al. [1]
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