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ABSTRACT	 An Electrical Resistivity Tomography (ERT) survey was carried out in the Mbuji-Mayi 
region in the south-central part of the Democratic Republic of the Congo to investigate 
the lithology and compactness of the underground geological formations at a future 
drinking water-treatment plant site. From two ERT profiles, high resistivity values were 
observed in the upper layer up to several hundred Ω·m, which was correlated with the 
uppermost soil layer and dry sands. In the deeper layers, the resistivity values decreased 
to tens of Ω·m, indicating the notable presence of a sandy layer with water content, rather 
than basement materials, as was expected. In addition, some lateral variations along 
the profile lines were observed, which are thought to be related to the heterogeneity 
of the sand mineralisation content and the degree of water infiltration due to different 
porosities of the sands. This information is in good correlation with previous geotechnical 
survey data and drillings in the area. For each ERT profile, we describe the general 
conditions of the geological formations, as inferred from the geotechnical survey data 
and two-dimensional images of inverted apparent resistivity presented as true resistivity 
images. The findings of this study are expected to serve as supporting material in order 
to correlate with future studies.
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1. Introduction

This paper reports Electrical Resistivity Tomography (ERT) survey results for the location of a 
future drinking water treatment plant near Mbuji-Mayi, the capital city of Kasai-Oriental Province 
in the south-central part of the Democratic Republic of Congo. Mbuji-Mayi is the second-largest 
city in the country, following the capital of Kinshasa. For the construction of a water treatment 
plant in this location, it was first required to carry out a lithological assessment.

ERT has found various applications in the fields of engineering and science, such as delineating 
the stratigraphy of soil and rock (Ikah et al., 2019), mapping bedrock and groundwater aquifer 
(Oladunjoye et al., 2019), and estimating soil and rock permeability (Ikard and Pearse, 2019). 
Various researchers have used geophysical techniques to delineate diverse subsurface geometry 
and conditions.

Evaluating the stability state of complex lithology is problematic, mainly due to the high 
number of possible failure mechanisms and the lack of knowledge of the subsurface present-
state conditions. Geophysical techniques offer the chance to overcome many issues inherent 
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in conventional ground investigation techniques (Clayton et al., 1995), as geophysical methods 
apply the basic principles of Earth physics. Common geophysical methods include resistivity, 
gravimetry, and radiometry, as well as seismic, magnetic, and electromagnetic techniques. In 
terms of equipment testing, most geophysical methods use non-destructive approaches, which 
are generally less expensive, less invasive, and less time consuming. Geophysical methods provide 
a relatively large-scale characterisation of the physical properties of lithology in undisturbed 
conditions (Godio et al., 2006).

Additionally, geophysical methods are routinely utilised in a wide range of geological studies, 
including the delineation of faults (Blakely et al., 2002; Ivanov et al., 2006; Bleibinhaus et al., 
2007), the characterisation of sub-bottom stratigraphy in streams and in the ocean (Nielsen et 
al., 2005; Rebesco et al., 2011), identifying the location of karst features (Hackert and Parra, 
2003; Nyquist et al., 2007; Legchenko et al., 2008), and the evaluation of aquifers (Bradford and 
Sawyer, 2002; Francese et al., 2002; Harry et al., 2005), among others.

Subsurface stratigraphy images can be obtained spatially using a number of geophysical 
methods such as seismic survey, ERT, electromagnetics, and ground-penetrating radar. Of these, 
ERT is the most commonly method for identifying zones of anomalous seepage (Al-Saigh et 
al., 1994; Panthulu et al., 2001; Song et al., 2005; Minsley et al., 2011), for investigating the 
sedimentological architecture of underground, karstic phenomena and water infiltration zones 
in limestone formation (Yogeshwar et al., 2019; Kiri et al., 2021). In addition, ERT is also the most 
common method for sediment studies because it returns a significant magnitude of disparity 
in terms of contrasting physical properties, as compared to other methods, especially for the 
parameters of seismic velocity and density (Reynolds, 1997).

Electromagnetic (EM) methods can be used to infer hydrogeological properties or underground 
structures. Different EM method and joint inversion techniques with other geophysical data and 
related to their application can be found on the work of Li et al. (2018, 2019, 2020).

Ground Penetrating Radar (GPR) methods, as an non-destructive EM method of high 
frequencies (several MHz to 2 GHz), can be successfully applied to hydrogeological applications 
given by Annan (2005), geological and geotechnical investigations, archaeological prospecting 
and cultural heritage diagnostics (Persico, 2014; Benedetto and Pajewski, 2015) for the evaluation 
of the water layers and moisture content in row material such as concrete and wood due to the 
sensitivity of electromagnetic wave propagation to moisture variation (Reci et al., 2016).

Seismic method (reflection and refraction) approaches to image near subsurface architecture, 
but seismic reflection for such studies can be challenging. Seismic refraction methods yield much 
lower resolution than seismic reflection. However, because refraction methods are inexpensive 
and acquisition may be more successful in unsaturated and unconsolidated environments, they 
are often chosen over reflection methods for applications such as determining the depth to the 
water table and to the top of bedrock, the gross velocity structure, or for locating significant 
faults. Both reflection and refraction seismic shallow seismic methods give estimation of the 
velocity structure that can be used to estimate hydrogeological properties (Steeples, 2005).

The ERT method has been also widely applied for investigating subsurface conditions by 
measuring soil or rock electrical properties. This is because electrolytes and metals conduct 
electrical resistivity more readily than insulating materials such as air, plastic, or dead wood, 
owing to their ability to allow the flow of electrical charges.

Soil material itself has intermediate electrical properties, but its resistivity can be influenced 
by its physical content (Samouelian et al., 2005). For this study, a geophysical survey utilising 
ERT was the most attractive choice, as it allowed for an integrated interpretation of the main 
characteristics of the investigated area.
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2. Geological setting

The study site is located within the large geological setting of the Sankuru-Mbuji-Mayi-Lomami-
Lovoy (SMLL) basin (Fig. 1), which is situated between the Archean-Paleoproterozoic Kasai Craton 
to the north and west, and the Mesoproterozoic Kibaran Belt to the south and east (Delpomdor 
et al., 2015). The Mbuji-Mayi sedimentary sequence is typically either weakly or no affected by 
regional metamorphism (Polinard, 1935; Cahen, 1954; Wasilewsky, 1954; Raucq, 1970).

The main strata, the Mbuji-Mayi Supergroup, have a maximum dip of 3o in the west and 
between 20o and 45o in the south-eastern parts of the SMLL basin (Cahen, 1954). The Mbuji-
Mayi Supergroup can be divided from oldest to youngest into siliciclastic BI and carbonate BII 
groups (Raucq, 1957, 1970). In the Sankuru-Mbuji-Mayi area, the lower siliciclastic series of the 
Mbuji-Mayi Supergroup (BI group) is ~500 m thick. Detailed descriptions of this subgroup are 
given in Cahen and Mortelmans (1947). It consists, from base to top, of ~1,500-m thick red 

Fig. 1 - Simplified geological map of the Sankuru-Mbuji-Mayi-Lomami-Lovoy (SMLL) basin in the Kasai-Oriental region 
(modified after Raucq, 1957, 1970).
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quartzites and shales with an interbedded pink chert horizon. The BII group consists of ~1,000-
m thick carbonate successions embedded with thin levels of organic-rich shales, and can be 
subdivided into five subgroups. Its three basic igneous rocks types are: i) basaltic lavas overlying 
the BII group at the confluence of the Mbuji-Mayi and Sankuru rivers (Cahen et al., 1984); ii) 
dolerite sills emplaced within the succession close to the BI-BII contact in the Lomami area; 
and iii) within the BI group along Kiankodi and Lovoy rivers, with sills of dolerite (Cahen and 
Mortelmans, 1947). Along the Kibaran Belt in the southern part of the SMLL basin polymictic 
conglomerates with more than 50% clasts materials derived from Mbuji-Mayi carbonates have 
been correlated with the Grand Conglomerate Formation of the Katanga Supergroup (Cahen and 
Mortelmans, 1947).

3. Geophysical survey

For this study, two ERT profiles were surveyed at the location of the future water treatment 
plant in Mbuji-Mayi (Fig. 2). The length of each line was 142 m, with 72 electrodes and an electrode 
spacing of 2 m. The measurements and the images of the ERT profiles were of trapezoid form. 
It should be noted that, although topography has an effect on the errors during measurements, 
this effect was taken into account during the data interpretation. In order to better compare the 
data and results and to obtain the most appropriate model of the subsurface, two electrode 
configuration were used: Wenner-Schlumberger and dipole-dipole. From the interpretation of 
measured apparent resistivity at the water treatment plant location, we observed generally 
high resistivity values in the upper layer, up to several hundred Ω·m. In the deeper layers, the 
resistivity values decreased to tens of Ω·m, indicating the notable presence of a sandy layer 
with water content, rather than basement materials, as was expected. For each ERT profile, 

Fig. 2 - Location of ERT profiles 1 and 2 at the site of the drinking water treatment plant, Mbuji-Mayi.
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we describe the general conditions of the geological formation based on the two-dimensional 
images of resistivity, as well as drillings and other geotechnical survey data from the area. For the 
final interpretation, the geophysical data were correlated with the geological and geotechnical 
information in the region. This information was taken from the inversion data and presented as 
true resistivity images in order to be combined with the geotechnical survey results, to achieve 
better understanding of the underground situation.

It should be noted that topography data were included in the interpretation of the ERT 
profiles. Furthermore, by using the two different electrode configurations, the complexity of the 
formations and the substantial changes of resistivity in both profiles were strongly evident. In 
this way, the results of the resistivity images could be compared to obtain a better overall model 
of the subsurface. In the following chapter, more details are given on each ERT profile setup and 
configuration.

4. Results and discussion

Here we present the ERT results for profiles 1 and 2. As each profile used both two electrode 
configurations (Wenner-Schlumberger and dipole-dipole), the scope of their comparison 
can be considered to reflect a plausible model of the subsurface. The true resistivity values 
were generally high and showed a wide range of distribution from tens to several hundred 
Ω·m, indicating a high heterogeneity of the compactness of the formations, which are mainly 
ultrabasic rocks with different mineral contents. In the profiles, the vertical axis refers to the 
depth from the surface (m), while the horizontal axis refers to the distance along the profile (m).

4.1. Interpretation of laboratory tests and the ERT method

For each ERT profile, surveyed as shown in Fig. 2, we also compared results of drilling and 
laboratory analyses, which helped to achieve good correlation and have a clearer idea about 
the geological formation properties. The drillings were collected at a depth of ~20 m, and the 
observed physical and mechanical properties of the soils are described below.

Granulometric analysis was performed to determine the soil type, using the standard ASTM 
D422-63, which features two important sieves, no. 4 (4.75 mm) and no. 200 (0.075 mm). Soil 
particles larger than sieve 4 are considered gravel, while particles between sieves 4 and 200 are 
sand. Soils particles smaller than sieve 200 are considered clay or silt. For all samples taken from 
drillings up to a 20-m depth, 99% of the soil was between the two sieves, no. 4 and no. 200. 
Therefore, soils present in the study area are primarily sand, while the remaining 1% are clay or 
silt.

For the clay and silt soils, laboratory analysis was performed. From the results of LL (liquid 
limit) analysis via the Casagrande method, we observed the same values of LL and PL for all 
samples. To classify soil smaller than sieve 200, the Casagrande chart was used. That soil was 
found to be clay with relatively low plasticity; however, we were mainly interested in the sand, 
which accounts for 99% of the entire formation. Granulometric curves show that the sand 
particles exhibit all dimensions between 4.75 and 0.075 mm, therefore concluding that the sand 
is well sorted. According to the Unified Soil Classification System (USCS) scheme, these soils are 
pure sand.

We also determined the compressive strength of the samples, which is a ration between force 
and surface, and its unit is MPa (MNw/m2). The compressive strength in each of four sediment 
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layers was found to be: 0.14, 0.24, 0.28 and 0.542 MPa. These results indicate the location 
where the piezometric level begins. The results of the compressive strength analysis show that 
consolidation with depth increases proportionally because the applied strength increases, and 
the values increased somewhat, accordingly.

Additional important properties to understand were the cohesion and angle of internal friction. 
Generally, cohesion in sand is zero or very close to zero, according to laboratory tests results. 
Moreover, for sands, the orientation is reflected only by the angle of internal friction. With these 
parameters, we can determine the Mohr-Coulomb Criteria. When the Mohr-Coloumb Criteria is 
known, one can determine the maximal stress that can be applied without destroying the formation.

The three most important mechanical parameters in a sediment layer are: cohesion, angle 
of internal friction and bulk module (γ). The sediment’s strength is the product of bulk module 
with the thickness of the layer. Thus, it is easy to determine the total vertical stress (σ1) and the 
overall stress (σ3):

σ3 = γ x h	 (1)

where γ is the bulk module and h is the thickness of the layer;

σ1 = Δσ + σ3	 (2)

where Δσ is the applied stress from the structure, σ1 is the total vertical stress.
The Mohr-Coulomb Criteria is the most important criteria used in projection stage and layer 

stability analysis. In this study, the internal friction for the four tested sediment layers, was 
estimated to be: 17o, 18o, 20o, and 22o, respectively. It can be seen that the values increased with 
depth, indicating a small increase in consolidation with depth. However, the water content in the 
third and fourth layers showed decreased resistivity values.

From the lithology column (Fig. 3), the interval of 12 to 16 m shows white sands. The white 
colour is due to the presence of quartz sands without iron oxide. Notably, the iron oxide is not 
present owing to the water circulation in the aquifer, which passes through this layer, between 
12 to 16 m, destroying the iron oxide. This can also be seen from the low resistivity values at 
ERT profiles. Moreover, the percentage of moisture in this layer is higher than in other layers. 
These conditions suggest that, between 12 and 16 m due to the infiltration of waters from 
the Congo River to the sandy layer. In addition, pink-coloured sands below this layer indicate 
a small infiltration from the upper layer. This can be explained in that, the sand has effective 
porosity, hence water can more easily flow from the aquifer toward the deeper layers. It should 
also be noted that Congo River sand is known to be quartz sand with iron oxide (Fe2O3). This is 
one reason why these sands are red. Fig. 4 shows petrographic imagery of Congo River sands, 
showing a very high percentage of quartz and some heavier, strong minerals such as epidote 
and plagioclase.

4.2. Results from ERT profile 1

The location of ERT profile 1 was presented in Fig. 2. Recalling that the total length of the 
profile was 142 m, with 2-m electrode spacing, the first electrode was placed at the 0 m picket 
and the 72nd electrode was placed at 142 m. As previously mentioned, two configuration arrays 
were used, the Wenner-Schlumberger and dipole-dipole. Fig. 5 presents the true resistivity ERT 
images for this profile for both arrays. It can be seen that the cross-sections show approximately 
the same image for both arrays used.
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According to the figure, higher resistivity values are present in the upper layer, indicating the 
presence of dry sand. Lower resistivity values are present below this, indicating the presence of 
a sandy layer with relatively high water content. In general, the presence of water in the sands 
starts from 10 to 12 m (marked by the dashed lines in the figure), and there is no indication of 
any basement or compact formation. The lateral variations of resistivity are mostly low, which 
indicates near homogeneity of sands along the profile.

4.3. Results from ERT profile 2

The location of ERT profile 2 is also presented in Fig. 2. The total profile length, electrode 
spacing, electrode numbering, and double-array configuration were the same as profile 1. Fig. 
6 presents the images of true resistivity ERT for profile 2 for both arrays. One can see that that 
the cross-sections show approximately the same image, yet the lateral variations of resistivity 

Fig. 3 - Petrophysical properties of sands from drilling at the study area, down to 20 m depth.
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Fig. 5 - True resistivity images of ERT profile 1: a) Wenner- Schlumberger array; b) dipole-dipole array. The dashed line 
indicates the depth of 10 m.

Fig. 4 - Images of Congo River 
sands under the petrographic 
microscope. Symbols: e = 
epidotic; p = plagioclase; q = 
quartz.



333

Geotechnical-geophysical investigations in the Mbuji-Mayi region	 Bull. Geoph. Ocean., 63, 325-336

are more obvious in comparison with profile 1. This is thought to be due to the different rates 
of water infiltration and possible changes of sand mineralisation along the line at this location. 
Again, there is no indication of any basement or compact formation. The upper layer with high 
resistivity is composed by dry sand up to a depth 10 m (dashed lines in the figure). Below 10 m, 
we observe lower resistivity values due to the water infiltration in the sands.

5. Conclusions

From the ERT survey of the drinking water treatment plant site in the Mbuji-Mayi region, two 
profiles show that high resistivity values (up to several hundred Ω·m) are generally present in the 
upper layer down to a depth of 10 to 15 m, which can be correlated with dry sands. Below this 
depth, low resistivity is present (up to several tens of Ω·m), which is characteristic for a sandy 
layer with high water content.

In general, the ERT method has distinguished the boundary between dry and wet sand at the 
site of the drinking water treatment plant. We do not observe any compact layer at the site. The 
contact between dry and wet sands is marked by a dashed line in Figs. 5 and 6, which present the 
true ERT resistivity profiles 1 and 2. The lateral variations observed in the ERT values, especially 
those in profile 2, are thought to be due to the different degrees of water infiltration from the 
river and mineralisation of the sands.

The results of the ERT survey should be combined with geotechnical survey and drilling 
information in the area, in order to fully clarify the situation. However, based on the present 

Fig. 6 - True resistivity images of ERT profile 2: a) Wenner- Schlumberger array; b) dipole-dipole array. The dashed line 
indicates the depth of 10 m.

a) Wenner-Schlumberger Array

b) dipole-dipole Array
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interpretation of geophysical and geotechnical data, there is no basement material or compact 
geological formation at the site, at least to the depth included in this investigation. This lack 
of more resistant materials should be taken into account during further engineering and 
construction work planned for the area under investigation.
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