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Abstract In this research, combined 2D electrical resistivity and self-potential 

(SP) methods were employed to locate anomalous electrical conductivity around 

the Goronyo dam in order to determine the condition of the embankment of the 

earth dam. The data were taken with the reference to resistivity and SP values 

using Wenner configuration. The results obtained from these techniques shows 

that the area was underlain by four stratigraphic layers, namely; clayey sand, wet 

sandy clay, laterite and partially weathered basement complex rock as compared 

with the resistivities of common rocks and borehole lithology of the area. The low 

SP (< 200 mV)/high resistivity zones in the overburden of profiles P1, P2 and P3 

shows the presence of partially weathered basement complex rocks which was 

probably due to compactness and dryness around the dam. However, the zones 

of high SP (≥ 200 mV)/low apparent resistivity regions (z1 and z2) of profiles P1 

(2 Ωm to 27 Ωm), P2 (3 Ωm to 25 Ωm) and P3 (3 Ωm to 14 Ωm) have revealed 

the weak zones associated with wet sandy soil. Results obtained from 2D electrical 

resistivity (z1) technique have correlated well with the results of SP sections (z2). 

These regions of weak zones occupied the x-distance along the profiles; P1/or S2 

(120 m to 200 m and 250 m to 400 m), P2/or S2 (1 m to 156 m and 192 m to 

400 m) and P3/or S3 (48 m to 400 m) with their corresponding depth y, ranging 

from 23 m to 30 m, 26 m to 30 m and 23 m to 30 m. 
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INTRODUCTION 

A dam is referred to as a barrier to hold back the flow of water, thereby 

creating a large body of water called a reservoir. They are structures of various 

forms constructed across streams or rivers to hold back their flow (Michalis and 

Sentenac, 2016). Dams are fundamental components in present day culture and 

address huge financial qualities. The need for a dam is decided by the purpose(s) 

to which the water is being impounded (Lin et al., 2013) In Nigeria, several needs 

for the construction of dams have been identified, including production of electricity; 

supply of water for irrigation, industrial use and domestic consumption; and more 

importantly flood control (Augie et al., 2019A). Dams can be grouped into three (3) 

categories depending on the materials in-used when being constructed. These are; 

Earth fill dam, Rockfill dam and Concrete gravity dam (Osazuwa and Chii, 2010). 

The respectability of a dam bank can be sabotaged by the presence of land 

highlights, like deficiencies, breaks, gaps, jointed or shear zones under the dam 

pivot or discontinuities in the structure itself (Chinedu, 2013). All dams have some 

drainage as the seized water looks for easiest courses of action through the dam 

and its establishment. Leakage should be controlled to forestall disintegration of the 

embankment or establishment or harm to substantial c onstructions (Augie et al., 

2020A). Inward disintegration of the establishment or embankment brought about 

by drainage is known as funneling. Damages resulting from internal erosion can 

lead to expensive remediation (Michalis and Sentenac, 2016). 

The capacity of a rock unit to lead electrical flow relies upon its porosity, level 

of interconnection between the pores (porousness) and level of water immersion in 

the rock. Some minerals such as native metals and graphite conduct electricity via 

the passage of electron (Mogaji, 2016; Wahyu et al., 2017). Nonetheless, most  

rock-forming minerals are insulators and electrical current is carried through a rock 

mainly by the passage of ions in pore waters. Thus, most rocks conduct electricity 

by electrolytic rather than electronic processes (Oseji, 2010).  

Electrical resistivity is one of the most sensitive geophysical methods for 

monitoring changes of electrical properties in subsurface (Aizebeokhai et al., 2010; 

Kang et al., 2016). Electrical resistivity techniques include the estimations of the 

clear resistivity of soils and shakes as capacity of profundity or position (Loke, 1999; 

Dahlin and Zhou, 2004; Oduduru and Mamah, 2014). The electrical resistivity 

surveys can help in revealing low resistivity zones that could be influenced by 

seepage conditions inside the body of the dam (Augie et al., 2019A). 

The Goronyo dam in Sokoto State was rated the second-largest dam in the 

country after Kainji dam. It impounds the Rima River in some parts of Goronyo, 

Gada and Sabon Birni local government areas of Sokoto State in northern Nigeria 

(Augie et al., 2019A). It was completed in 1984 and commissioned in 1992 

(Sembenelli, 1992). The dam is an earth fill dam structure with a tallness of 21 m 

and an absolute length of 12.5 km. It  has a capacity limit of 976 million cubic 

meters. The dam will be basic in controlling floods and passing on water in the dry 

season for the coordinated Zauro polder project downstream in Kebbi State (Augie 

et al., 2020A). 

It was in late August 2010 rainstorms caused the dam to fill to dangerous 

levels. While trying to decrease the danger of disappointment, the entryways were 

opened on 1 September 2010, causing significant flooding in the downstream town 

of Kagara. On 8 September the spillway from the dam totally fizzled, causing 

substantially more far and wide flooding. The tempest that caused the flooding 

might be essential for an environmental change design, with rising temperatures 

and more serious precipitation in the stormy season. These led the dam t o broke 

through its barriers, killed over 100 people and rendered over 200,000 homeless in 

Sokoto and Kebbi states (Osinbajo, 2017). 

This study investigates the condition of Goronyo dam using Electrical 

Resistivity and SP techniques. These techniques were employed to evaluate the 

integrity of the dam and have been used for a long time to map boundaries between 

layers having different conductivities as suggested by Authors: Loke (2000), Augie 
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et al. (2019A); Augie et al. (2020A); Ologe and Augie (2020); Bawa et al. (2020). 

ERT and SP arrays were installed on the crest to assess the structural integrity of 

the dam based on the resistivity and SP signatures using Wenner electrode 

configuration. Wenner array was adopted because of it is relatively sensitive to 

vertical changes in the subsurface resistivity below the center of the array (Loke, 

2000). The signal strength is inversely proportional to the geometric factor used to 

calculate the apparent resistivity value for the array. And this geometric factor (2𝜋𝑎) 

is smaller than that for other arrays (Griffiths and Turnbull 1985; Griffiths et al., 

1990). Among the common arrays, the Wenner array has the strongest signal 

strength (Augie et al., 2020B). This can be an important factor if the survey is 

carried in areas with high background noise especially in the area Goronyo earth 

dam as compared the geological setting of the area as well as the nature of earth 

materials contains in the embankment (Figure 4). Two Dimensional (2D) 

geoelectrical prospecting provides both vertical and lateral distribution of resistivity 

(Ωm) and potential difference (mV) respectively beneath the whole profile (Griffiths 

and Barker, 1993; Loke, 2002). 

 Low resistivity/or high SP zones presented in this study were considered as 

sensitivity sections for seepage in the ERT Method as well as SP method, that could 

be influenced by seepage conditions inside the body of the dam (Olayinka and 

Yaramanci, 2000). The geophysical results presented in this research provide a key 

information about the on-going performance of dam infrastructure. These could lead 

to provide a safety operation and proper maintenance of dam infrastructure that 

are usually taken into account for social and economic impacts in case of a failure. 

The geophysical outcomes in this research also highlighted the distribution of 

concealed flow paths under the embankment which helped in characterizing the 

condition of reservoir and the dam. 

In geoelectrical methods, current is driven through one pair of  

current-electrodes (A and B) and the potential differences is measured with the aid 

of pair of potential-electrodes (M and N) connected to a sensitive voltmeter called 

Resistivity meter (Oldenburg and Li 1999; Augie et al., 2019B). This will possibly 

determine an effective or apparent resistivity of the subsurface as shown in  

Figure 1 below: 

Figure 1. Diagram used to determine potential difference two points 

(Augie et al., 2019B) 

Ologe and Augie (2020) described that resistance (𝑅) which usually measured 

in ohm of a rock or particular sample is directly proportional to its length (𝐿) of the 

resistive material (i.e. earth materials) and inversely proportional to its cross-

sectional area (𝐴) as given in equation (1): 

R α 
𝐿

𝐴
 (1) 

R =ρ 
𝐿

𝐴
               (2) 

where  
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𝜌, the constant of proportionality called electrical resistivity, it is the characteristic 

of the material which is independent of its shape or size. 𝜌 is therefore the  

true-resistivity. 

According to Ohm's law: 

𝑅 =
𝛥𝑉

𝐼
      (3) 

and 

𝛥𝑉 = 𝑉2 − 𝑉1      (4) 

Where; 𝛥𝑉 is the potential difference between the earth materials, I is the electric 

current through it and 𝑅 is the resistance of the earth materials. 

Substituting equation (3) into (2): 

𝛥𝑉

𝐼
= ρ 

𝐿

𝐴
      (5) 

This implies: 

𝜌 =
𝛥𝑉

𝐼
 (

𝐴

𝐿
)          (6) 

where 

𝐴 = 𝜋𝑅2 𝑎𝑛𝑑  𝑅 = 𝐿 (distance away from the source).  

The potential difference (𝛥𝑉): 

𝛥𝑉 =
𝐼𝜌

2𝜋𝑅
      (7) 

𝛥𝑉 =
𝐼𝜌

2𝜋
(

1

𝑅
)      (8) 

Total potential at M due to current electrode A and B (see Figure 1);  

𝑉𝑀 (𝐴,𝐵) =
𝐼𝜌

2𝜋
 (

1

𝐴𝑀
−

1

𝐵𝑀
)      (9) 

Total potential at N due to current electrode A and B;  

𝑉𝑁 (𝐴,𝐵) =
𝐼𝜌

2𝜋
 (

1

𝐴𝑁
−

1

𝐵𝑁
)                  (10) 

The net potential difference is: 

∆𝑉𝑀𝑁 (𝐴,𝐵) = 𝑉𝑀 (𝐴,𝐵) − 𝑉𝑁 (𝐴,𝐵)     (11) 

∆𝑉𝑀𝑁 (𝐴,𝐵) =
𝐼𝜌

2𝜋
 (

1

𝐴𝑀
−

1

𝐵𝑀
−

1

𝐴𝑁
+

1

𝐵𝑁
)                       (12) 

𝜌 =
∆𝑉

𝐼
 2𝜋 (

1
1

𝐴𝑀
−

1

𝐵𝑀
−

1

𝐴𝑁
+

1

𝐵𝑁

)      (13) 

and 

𝐾 = 2𝜋 (
1

1

𝐴𝑀
−

1

𝐵𝑀
−

1

𝐴𝑁
+

1

𝐵𝑁

) , 𝑅 =
∆𝑉

𝐼
     (14) 

Therefore 

𝜌 = 𝐾𝑅         (15) 

Where; K is geometrical factor of the electrode arrangement. 
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Considering Wenner configuration which have been adopted in this study (Figure 

2), all the four electrodes A, M, N and B are planted along a profile such that  

𝐴𝑀 = 𝑀𝑁 = 𝐵𝑁 =
𝐴𝐵

3
     (16) 

 
  

Figure 2. The Wenner electrode configuration. (Augie et al., 2020B) 

This distance 
𝐴𝐵

3
 is called the electrode spacing (𝑎). 

The outer electrodes, 𝐴 and 𝐵 are current electrodes while the inner ones, 𝑀 

and 𝑁 are potential electrodes. Comparing Figures 1. and 2, 

𝐴𝑀 = 𝑎, 𝐵𝑀 = 2𝑎,     𝐴𝑁 = 2𝑎,       𝐵𝑁 = 𝑎     (17) 

then equation for resistivity (equation 13) becomes: 

𝜌 =
2𝜋∆𝑉

𝐼{(
1

𝑎
−

1

2𝑎
)−(

1

2𝑎
−

1

𝑎
)}
      (18) 

The apparent resistivity 𝜌𝑎  measured at 𝑎 particular value of electrode spacing, 

(𝑎) becomes: 

𝜌𝑎 =
2𝜋𝑎∆𝑉

𝐼
       (19) 

But         𝑅 =
∆𝑉

𝐼
   𝑎𝑛𝑑     𝐺𝑤 = 2𝜋𝑎       (20) 

Hence       𝜌𝑎 = 𝐺𝑤 .
∆𝑉

𝐼
= 𝐺𝑤 . 𝑅      (21) 

Where 𝑅 is the measured resistance in Ohms and 𝐺𝑤  (2𝜋𝑎) is the geometric  

factor for Wenner array. 

MATERIAL AND MATHODS 

The study area 
The study area lies within the northwestern part of Sokoto State bounded in 

the north by Niger Republic between latitudes 13025′0″N and 13040′0″N, and 

longitudes 5050′0″E and 605′0″E. The areas consist of; Gada, Sabon Birni and 

Goronyo local government areas of Sokoto state. It occupied the total areas of 225 

Km2 (Figure 3). Geologically, the area falls under sedimentary basin of northwestern 

Nigeria which known as the Sokoto Basin. It consists the following earth materials; 

sandstones, ironstones, siltstones, laterites, meta-conglomerate, diorite, 

migmatite, undifferentiated schist including some gneiss and quartz-mica schists 

(Figure 4).  
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About one third of the land area in Sokoto State is underlain by crystalline 

basement rocks (Bawa et al., 2020). These outcrop in the southern part of area as 

well as in the east. However, the major part of the area is underlain by younger 

sedimentary rocks consisting mainly of sandstones, siltstones, clays shale’s, 

limestones and laterites (Paul and Bayode, 2012). The sedimentary rocks in mapped 

area can be grouped into four major rock types: siltstone (with fine-grained 

sandstone), medium to coarse-grained sandstones, shale and limestone. In a 

sedimentary basin very rarely does one type of rock cover a large geographical area 

and stratigraphic thickness. The Goronyo dam area lies in the northern part of the 

Sokoto basin and is underlain by sedimentary rocks that consists of the 

aforementioned earth materials (Olugbenga and Augie, 2020).   

 

Figure 3. Location of the Study Area. 

 

Figure 4. Geological Setting of the Study Area. (Olugbenga and Augie, 2020) 

Methodology 
In this study, 2D electrical survey also known as electrical resistivity 

imaging/or tomography (ERI) was carried out around the Goronyo earth dam in 

Sokoto NW Nigeria. The method provides both vertical and lateral distribution of 



Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 7 

 

CMUJ. Nat. Sci. 2022. 21(3): e2022043 

resistivity and spontaneous potential respectively beneath the whole profile (Loke 

and Dahlin, 2002). The technique was applied using the 4 numbers equally spaced 

collinear array of electrodes connected to a multi-core cable. The separation 

between the potential electrode and the current elec trodes depends was 3 m. An 

Ohmega (resistivity meter) coupled with an electronic switching unit was used to 

automatically select the relevant electrodes especially potential electrode pair and 

current electrode pair for each measurement. The Ohmega used, has the capability 

of measuring earth resistance and spontaneous potential (SP). It has a transmitter 

with automatic or user selectable currents (in mili-amps); 0. 5, 1, 2, 5, 10, 20, 50 

and 200 mA. 

The data was taken using Wenner configuration with the aid of resistivity 

meter coupled with electrode selector and powered by 12 V battery. Measurements 

were done at expanded electrode spacing’s (a) in multiple of 3 m. Usually, 

increasing in electrode spacing will increase the injected current flows to greater 

depths as suggested by Loke (2000). The adopted Wenner array electrode spacing 

(a) was set up at different distance along the profiles and this varies from 3 m, 6 

m, 9 m, 12 m, 15 m, 18 m, 21 m, 24 m, 27 m up to 30 m in order to unwind the 

arrangements of geologic formation at various profundities comprehensive way. For 

this, the depth of investigation in this research using Wenna Alpha array (Ze/a × 

amax = 0.519 × 30 m) would be 15.57 m (Loke, 2000). 

For the 1st measurement, electrodes number 1, 2, 3 and 4 (C1, P1, P2 and 

C2) were utilized.  First current electrode 1 (C1) was utilized at 0 m, first potential 

electrode 2 (P1) was used at 3 m, second potential electrode 3 (P2) was used at 6 

m and second current electrode 4 (C2) was utilized at 9 m (Figure 6). For the 

subsequent measurement, electrodes number 2, 3, 4 and 5 were utilized for C1 at 

3 m, P1at 6 m, P2 at 9 m and C2 at 12 m respectively. This procedure was repeated 

along the two profiles (P1/S1 and P2/S2) line of 400 m at right abutment and one 

profile (P3/S3) of 200 m at left abutment of the Goronyo earth dam using 1a spacing 

(Figure 5). The measurements were also obtained for 2a, 3a, 4a, 5a, 6a, 7a, 8a, 9a 

and 10a spacing at each profile.  

At each measurement, the product of the resistance measured and the 

corresponding value of the geometric factor Gw, (see equation 20) gave the 

measured ground apparent resistivity, SP data were also obtained. The acquired 

data were processed with RES2DINV program developed by Loke and Barker 

(1999), Geotomo Software and modified by Loke (2000) which automatically 

determines a 2D resistivity model for the subsurface. 

 

Figure 5.  Field Survey Layout Using Wenner Electrode Configuration  

(Augie et al., 2019A) 
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Figure 6. Sequence of Measurement to Build up Pseudosection in 

Wenner Array (Loke, 1999) 

RESULTS AND DISCUSSION 

Results from 2D electrical resistivity technique gives three cross sections for 

each profile namely, the measured resistivity section, the calculated resistivity 

section and the inverse (model) resistivity section (z1-parameter). The sections have 

vertical axis (y-axis) corresponding to depth of investigation and the horizontal 

distance (x-axis) representing along the profile. The inverse section of eac h profile 

was interpreted in terms of geological setting/borehole lithology of Goronyo local 

government area as described by SARDA (1988) and also resistivity values of 

common rocks adopted in the same formations by Authors; Osazuwa and Chii 

(2010). 

For profile one (P1), Figure 7(a) is the measured apparent resistivity pseudo 

section which represents the data set acquired in the field, Figure 7(b) is the 

calculated apparent resistivity pseudo section which represents a synthetic model 

used to estimate the size of the pixels at different layers and Figure 7(c) represents 

the Inverse model resistivity section which was used to generate the corresponding 

geologic section as given in Figure 7(d). The inverse section (Figure 7c) showed 

regions of low, moderate and high resistivity values. Looking at the inverse section 

under x-position 1m distance along the profile, the layers having moderate 

resistivity (z1), of 30 Ωm to 91 Ωm were spotted with bottom of the deepest layer 

(y) appeared at 11 m. When these resistivity values have coincided with the regions 

of the clay sand (SARDA, 1988; Osazuwa and Chii, 2010). Thus, was extended to 

region x, ranging 1 m to 64 m along the profile. Observing the x-positions of 120 m 

and 250 m along the profile having the low resistiv ity z1, of 2 Ωm to 27 Ωm with 

bottom of the deepest layer (y) appeared at 28 m. These zones were considered to 

be wet sandy soil as compared in relation to Table 1. Its further extended to 120 m 

to 210 m and 250 m to 400 m along the profile of x-direction. These regions of wet 

sandy soil are the indications of the presence of weak zones which may be due to 

high moisture content resulting from the seepage of water leaking through this 

layer. Looking at model section under x-position 48 m to 140 m of the third layer 

which have the moderate resistivity values z1, ranging from 91 Ωm to 302 Ωm the 

bottom of the deepest layer (y) appeared at about 28 m. The layer was considered 

to be lateritic as compared with resistivity values in relation to Authors; Osazuwa 

and Chii (2010) and SARDA (1988). The region (laterite) was extended from 48 m 

to 140 m along the profile.  
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Table 1. Resistivity values adopted for this work (Osazuwa and Chii, 2010). 

Rock Type Resistivity Range (Ωm) 

Wet Sandy Clay 1-30 

Clayey Sand 31-100 

Laterite. 101-350 

Highly Weathered Basement Complex Rock. 100-600 

Partially Weathered Basement Complex Rock. 600 and above 

 

Similarly, the inverse section under x-positions 3 m and 120 m in the have 

high resistivity values ranging 1,004 Ωm to 11,059 Ωm at about 28 m depth (y). 

These layers have resistivity coincided with partially weathered basement rock. 

These regions further occupied the positions of 3m to 50m and 120 m to 288 m 

distance (x) along the profile. The results of inverse model section (Figure 7c) were 

indicated in geologic section as given in Figure 7d. 

 

 

 

Figure 7. (a) Measured and (b) Calculated Apparent Resistivity 

Pseudosection with (c) the Inverse Model Resistivity Section for the 

Dataset along Profile One (P1). 

 

 

 

Figure 7d. Interpreted Inverse Model of 2D Section for P1 Showing 

Lithology and Anomaly of Interest (Weak Zone within Bedrock) 
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The results of SP section along the profile one (S1) was in Figure 8. The length 

of the profile was 400m and measurement initiated from the north side of the profile 

at profundity of around 30 m. Noticing this map very intently under the x-positions 

from 120 m to 200 m and 250 m to 400 m along the profile of the layer having high 

SP values ranging from 200 mV and above (z2), at depth y, ranging from 23 m to 

30 m. These zones were considered to be weak zones due to the high SP values  

(≥ 200 mV). High SP regions were due to high fluid flow which could resulted in 

high moisture content (Shao et al., 2021) which cause the seepage of water leaking 

through the zones. These weak regions are viewed as dangerous when they broaden 

profound into the bedrock as they could give miniature channels to leakage of water 

from the lake under the impact of hydraulic gradient . 

 

Figure 8. SP 2D Section for Profile One (S1) 

The measured, calculated and inverse sections for P2 are given in Figure 9. 

The inverse section showed regions of low, moderate and high resistivity values. 

Low resistivity zones have layers of resistivity values (z1) ranged from 3 Ωm to 25 

Ωm which occupied the x-positions of 1 m to 156 m and 192 m to 400 m along the 

profile. These regions were spotted with bottom of the deepest (y) layer appeared 

at about 26 m. These zones were considered to be wet sandy soil in relation to 

Authors; Osazuwa and Chii (2010) and SARDA (1988). Wet sandy soil could be an 

indication of the presence of weak zones which may be due to high moisture content 

within the regions. These may result from the seepage of water leaking through 

these layers. Likewise, the moderate resistivity zones have values (z1) ranged from 

30 Ωm to 69 Ωm appeared under the x-positions of 1 m to 198 m and 279 m to 

400 m along the profile. These regions were spotted at the depth y, of 10 m. These 

layers were similarly considered to be Clay Sand. The inverse section under  

x-position 105 m to 336 m along the profile have resistivity 188 Ωm to 513 Ωm 

appeared at the depth y, about 28m. When these resistivity values are considered 

in relation to aforementioned Authors, the layers were referred to as laterite. 

However, high resistivity regions have values z1, ranging from 1,396 Ωm  

to 3,802 Ωm appeared at button of the deepest layer of about 28 m. These zones 

have resistivity coincided partially weathered basement rock. These regions (x) 

were ranging from 232 m to 399 m along the profile at the depth y, of 28 m.  

Results of inverse model section (Figure 9c) were transformed into geologic section 

(Figure 9d). 
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Figure 9. (a) Measured and (b) Calculated Apparent Resistivity 

Pseudosection with (c) the Inverse Model Resistivity Section for the Data 

set along Profile 2 (P2). 

 

 

Figure 9d. Interpreted Inverse Model of 2D for P2 Showing Lithology and 

Anomaly of Interest (Weak Zone within Bedrock). 

The results for SP measurements along profile two (S2) were given in Figure 

10. Observing this section (Figure 10) very closely under the x-positions 1 m to 

156 m and 192 m to 400 m along the profile with their corresponding depth y, 

ranging from 23 m to 30 m and 11 m to 30 m. These regions (z2) show high SP 

values ≥ 200mV respectively. High SP areas were because of high liquid stream 

(Shao et al., 2021) and this identified as geologic weak zones through which water 

from lake could leak out by seepage. These could affect the storage capacity of 

the dam as well as the competence of the embankment. 

 

Figure 10. SP 2D Section for Profile 2 (S2) 
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Figure 11 shows the measured, calculated and inverse sections for the profile 

3. The inverse models consist of three difference zones which are; low, moderate 

and high resistivity regions. Low resistivity zones denoted with values (z1) ranged 

from 3 Ωm to 14 Ωm placed at the surface depth y, of 14 m. These were extended 

to regions x, that ranged   48 m to 200 m along the profile (Figure 11c). When 

these low resistivity values are compared in relation to Authors; Osazuwa and Chii 

(2010) and SARDA (1988), the zones coincided with that of wet sandy clay. These 

type rocks could be an indication of the presence of weak zones which resulting 

from the seepage of water leakage. The inverse section also showed regions of 

moderate resistivity values z1, ranged from 30 Ωm to 54 Ωm placed at the depth 

y, of 28 m. These regions x, lied from 72 m to 184 m distance along the profile 

and was considered to be clay sand. The regions with resistivity values z1, ranged 

from 201 Ωm to 743 Ωm were considered to be laterite. These occupied some 

sections of the model from 1 m to 34 m distance x, along the profile at the depth 

y, of 28 m (Figure 11c). 

However, high resistivity zones (Figure 11c) appeared on the x-position 

ranged from 4 m to 101 m distance along the profile at depth y, of 28 m. These 

regions have resistivity values ranging from 2756 Ωm to 37843 Ωm. The zones 

were appeared to be partially weathered basement rock. This procedure led to 

development of geologic section as given in Figure 11(d). 

 

Figure 11. (a) Measured and (b) Calculated Apparent Resistivity 

Pseudosection with (c) the Inverse Model Resistivity Section for the Data 

set Along Profile three (P3). 

 

Figure 11d. Interpreted Inverse Model of 2D for P3 Showing Lithology and 

Anomaly of Interest (Weak Zone within Bedrock). 

SP 2D Section for profile three was given in Figure 12.  The results of SP data 

plotted against x-distance and a-spacing shows the high SP signatures z2, appeared 

from 48 m to 200 m along the profile with corresponding depth y, ranging from 23 

m to 30 m. These regions of high SP values z2, (≥ 200 mV) were due to high fluid 
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flow and this brought about high dampness content which cause the drainage of 

water spilling through the zones. These frail zones are viewed as dangerous when 

they broaden profound into the bedrock as they could give miniature channels to 

leakage of water from the lake under the impact of pressure driven inclination. 

However, there are also zones of low SP values in the profile which may be due to 

evapo-transpiration or animal movements that may led to consolidation in the area.  

 

Figure 12. S P 2D Section for Profile 3 (S3). 

Identification of water flow path 
Possible channels through the weak zones were identified along profile one 

along the x-distance are from; 120 m to 200 m and 250 m to 400 m at the depth 

y, ranging from 23 m to 30 m (Figure 14). For profile two, x-distance are from; 1 

m to 156 m and 192 m to 400m appeared at the depth y, ranging from 11 m to 30 

m on right abutment of the dam (Figure 13). likewise, profile three x-distance are 

from; 48 m to 200 m at depth y, of 23 m to 30 m on left abutment of the dam 

reservoir (Figure 14). 

 

Figure 13. Profile 1 and 2 Showing Flow Path on the Right Abutment of 

the dam. 

 

Figure 14. Profile 3 Showing Flow Path on the Left Abutment of the Dam. 
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Cross-correlation of resistivity and SP results 
This sub section of result interpretation gives the correlation between the 

geologic sections obtained from inverse detailed resistivity section and SP value 

sections. The details are provided in the following: 

For profile one (P1), the inverse resistivity model (Figure 7d) and SP section 

(Figure 8) were compared and their results of geophysical parameters z1 and z2, 

shows similar possible positions of weak zones at which the dam could lost the water 

through the embankment. Both Figure 7d and Figure 8 identified the zones covered 

the x-positions of 120 m to 200 m and 250 m to 400 m along the profile 

respectively. In comparison, SP section and inverse resistivity model for the profile 

covered the same corresponding y-position (depth) of 23 m to 30 m. Thus, these 

regions were identified as a geologic weak zone through which water from lake 

could leak out by seepage which could affect the storage capacity of the dam.  

Figures 9d &10 of profile two (P1 and S1) were also compared and the result  

revealed the same weak zones which were considered to be wet sandy soil. Both 

resistivity model and SP sections covered the same x-positions of 1 m to 156 m and 

192 m to 400 m at corresponding depth y, of 26 m to 30 m. These regions have 

tendency of water flow due to high SP and low resistivity signatures.  

Similarly, Figures 11d & 12 of profile three (P3 and S3) were compared and 

the result the same possible regions of leakage of the water through the 

embankment. Both covers the x-distance along the profile of 48 m to 400 m at the 

depth y, of ranging from 23 m to 30 m. These zones were considered to be wet 

sandy soil as compare with resistivities of common rocks. Hence, these zones were 

recognized as a geologic feeble zone through which water from lake could spill out 

by seepage which could influence the capacity limit of the dam just as the ability of 

the dike. 

CONCLUSION 

Geoelectric method involved 2D electrical resistivity and SP techniques were 

used as a tool for identifying and precisely locating weak zones and faults that have 

subtle geomorphic expression in Goronyo earth dam. Its thereby highlights the 

importance of direct field observations in the interpretation of 2D electrical 

resistivity model and SP section together with geological settings of the area.  

The results from inverse resistivity models for profiles P1, P2 and P3 have indicates 

the indicate the presence of weak zones (potential seepage paths) within the right  

and left abutment of the Goronyo earth dam. These results from 2D electrical 

resistivity technique have correlated well with the result found in SP sections, z2 for 

profiles S1, S2 and S3. The regions of low resistivity/or high SP values (z1 and z2) 

along profiles one to three have x-distance along; P1/or S2 (120 m to 200 m and 

250 m to 400 m), P2/or S2 (1 m to 156 m and 192 m to 400 m) and P3/or S3 (48 

m to 400 m) with their corresponding depth y, ranging from 23 m to 30 m, 26 m 

to 30 m and 23 m to 30 m. These weak zones have highlighted on the distribution 

of concealed flow paths under the embankment thereby helped in characterizing 

the condition of reservoir and the dam. However, high resistivity/or low SP areas 

could be an indication of presence of partially weathered basement complex rocks 

which is probably due to compactness and dryness around the Goronyo earth dam.  
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