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Abstract 
A geophysical investigation was carried out in Kong, northern Côte d’Ivoire, 
to characterize the subsurface formations as part of a drinking water supply 
project. The study aimed to determine the seismic signatures of the non-rip-
pable layers and their depths to guarantee the stability of the Kong water res-
ervoir. Based on the analysis of Vp velocity distribution, the subsoil in the 
study area is structured into rippable (300 - 1500 m/s), marginal (1500 - 2000 
m/s) and non-rippable (>2000 m/s) zones with varying thicknesses. Correla-
tion with core drilling results reveals that the rippable zones, located between 
5 and 9 m depth, are associated with the superficial overburden and weather-
ing products (clays and clayey sands), while the non-rippable zones corre-
spond to the very dense granitic basement, located between 5 and 11 m depth 
according to 2D geoseismic sections. 
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1. Introduction 

The construction of major hydroelectric facilities in a locality is an asset insofar as 
it contributes to development in general and human advancement in particular 
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[1]-[5]. They are an essential renewable energy solution for meeting the challenge 
of electrifying remote rural areas [6]. 

In drinking and raw water supply projects, the construction of hydroelectric 
dams, pumping stations and treatment plants requires knowledge of the physical 
properties of the soil and subsoil. This information on the geological nature and 
extent of underground structures enables assessing geological and seismic risks, 
so that preliminary solutions can be envisaged for the foundations and structures 
required for the projects [7] [8]. 

Several disasters linked to geology or natural phenomena, such as earthquakes, 
have affected dams and reservoirs around the world. Disasters due to dam failure 
are numerous throughout the world [9]-[14]. Structural geology is of prime im-
portance since it helps to obtain as reliable a description as possible of the fault 
network affecting the siting area, as well as the geodynamic context. The presence 
of a potentially active fault at a dam or reservoir site should lead to the site being 
abandoned. 

In Côte d’Ivoire, seven dams were built between 1964 and 2017, including the 
Soubré hydroelectric dam [15]. However, the geological and seismic context of 
these various dams is little studied and therefore very rare in the literature, some-
times due to the high cost of core drilling. However, knowledge of these parame-
ters can help in understanding the geological framework of other projects located 
in similar environments.  

Indeed, the correlation between seismic tomography and geotechnical studies 
could be useful for better characterizing the subsoil. This is the vision behind the 
studies of the site for the construction of a water supply system for the city of Kong 
and the surrounding area, based on a water reservoir. This study aims to highlight 
the geological nature of the formations making up the project site, based on a 
study of the physical properties of the subsoil. It involves determining the seismic 
characteristics of the granitoids and their alteration profiles on site. This work, 
based mainly on seismic refraction, will specify the roof of the sound substratum 
and the rippable layers of the various horizons. 

2. Geological Context 

Located in the Tchologo region (Figure 1(a)), the study area is situated around 8 
km from Kong on the Tafiré road and on a tributary of the Kolonkoko River. It 
belongs to the Eburnian basement and lies on a granitic peneplain that extends 
south of the Banfora cliff [16]. The area lies to the east of the Sassandra fault and 
consists mainly of crystalline and metamorphic formations. Lithologically, the re-
gion is characterized by Birrimian and granitoid formations, two major groups 
whose most widespread rocks are essentially granites (Figure 1(b)). Granites and 
migmatites are highly varied and often heterogeneous. They include calc-alkaline 
granites of various types (muscovite granites, two-mica granites, amphibolite and 
BioLite granites, granodiorites) and migmatites, which are virtually indistinguish-
able from Eburnian granites as a source rock. 
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Figure 1. Geological map of the Tchologo region showing the geology of Kong. 

3. Methodology 

Four seismic profiles named P0, P1, P2 and P3 were carried out as part of this 
study (Figure 2). The geometric characteristics of the surveys are shown in Table 
1. The technique used is based on measuring the travel time of seismic waves, 
refracted at the interfaces between underground layers of different velocities (Fig-
ure 3). Using a hammer and striking plate, a seismic wave is introduced into the 
subsoil at the point of impact (S). The energy thus generated propagates under-
ground, either directly through the upper layer (direct arrivals), or laterally down 
the layers at higher speed (refracted arrivals), before returning to the surface. This 
energy is detected at the surface by a series of 24 vertical 10 Hz geophones (R). 
Only the first P-wave arrivals were recorded (Vp), providing information on the 
elastic properties and interface depths of the various geological structures. The 
acquired data were processed using Rayfract software to resolve lateral changes in 
depth to the top of a layer and seismic velocities within it. 
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Figure 2. Location of the 4 seismic refraction profiles in the project area. P0 is the baseline. 
 
Table 1. Geometric characteristics of seismic lines. 

Lines 
Number of geo-

phones 
Geophone spac-

ing (m) 
Number of 
shootings 

Total length (m) 

P0 216 3.5 72 756 

P1 36 3.5 13 126 

P2 36 3.5 13 126 

P3 36 3.5 14 126 

 

 

Figure 3. Principle of refracted waves propagation. 

4. Results and Discussion 

The results of this study are 2D inverted velocities, representing the distribution of 
compressional wave velocity Vp, defining layer thicknesses and the degree of material 
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rippability as a function of Vp velocities. The spatial distribution of Vp velocities re-
veals four (04) different geoseismic units. These units range from the lowest densities 
at the surface to the highest densities at depth. High Vp values are associated with 
high-density materials, thus quantifying the hardness of the medium and conse-
quently giving an estimate of its degree of rippability. The results obtained show that 
the formations explored are characterized by velocities ranging from 300 to 5000 m/s. 
What is more, over the entire study area, all 2D profiles show an increase in Vp veloc-
ity with depth, reflecting the existence of increasingly compact formations.  

In fact, correlation of 2D isovelocity profiles, i.e. the spatial distribution of Vp ve-
locities, with the results of core drilling, shows that surface formations characterized 
by low Vp values correspond to loose units (topsoil, clay and clayey sands), while 
sound formations (bedrock) have high Vp values. However, between these two main 
entities, there are zones of medium velocity corresponding to the altered and/or frac-
tured part of the sound rocks. Classically, loose rock is more rippable than sound rock. 
These results show that velocity variations in the study area are a clear consequence of 
variations in lithology and degree of alteration, and hence rippability. 

As mentioned above with the existence of four (04) geological units, the com-
bination of the analysis of 2D Vp velocity profiles, the Caterpillar rippability per-
formance chart [17] and especially previous works [18], allowed us to highlight 
the nature of the different formations according to a color-coded calibration scale 
based on the Vp velocity distribution (Figure 4). 
 

 

Figure 4. Color-coded calibration scale based on Vp velocity distribution. 
 

According to this scale, the first layer of topsoil has a seismic velocity varying 
between 300 - 900 m/s. This low-velocity zone is rippable and can be found on all 
three seismic profiles (Figure 5). Other authors such as [19] and [20] have found 
similar results. Indeed, during work carried out in Malaysia and Senegal respec-
tively, the latter found Vp velocities of between 200 - 800 m/s and 290 - 800 m/s 
corresponding to overburden. In the case of our study, the slight increase in the 
Vp velocity of the overburden could be explained by the presence of a lateritic 
layer in the area. The second unit, made up of weathering products, has a seismic 
velocity fluctuating between 900 and 2000 m/s. The upper part of this unit is made 
up of loosely packed formations. Horizons in this unit with a Vp velocity between 
900 and 1500 m/s are rippable, while those with a Vp velocity between 1500 and 
2000 m/s are marginal (Figure 5). Finally, with a seismic velocity in excess of 3900 
m/s, the last geological feature highlighted is a very hard, non-rippable formation 
(Figure 5). This rock represents the granitic basement. In addition, a horizon 
characterized by a seismic velocity Vp ranging from 2000 to 3900 m/s constitutes 
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the fractured part of this basement. This horizon ranges from compact to hard 
and is also non-rippable. 

These various results show that the velocity distribution on 2D seismic profiles 
is sensitive to lithological variations, the level of compaction and consequently the 
degree of rippability.  
 

 

Figure 5. 2D inverted seismic refraction geotomographic models. 

 
Indeed, while conducting research in several areas in the Ivorian basement en-

vironment, [21] showed that in crystalline basement domains, an alteration litho-
logical series is composed of lateritic cuirass, sandy-clay alterites and fractured 
basement fringe. These lithological variations were clearly highlighted by the re-
sults of the 2D seismic refraction survey, confirmed by the core holes (SC2, SC3 
and SC4) (Figure 6) located close to the seismic profiles (P2 and P3). 

Based on the synthesis of Vp seismic velocity data and the SC3 and SC4 
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geotechnical boreholes, the subsoil in the study area is categorized into rippable 
(Topsoil, Colorful compact clay marginal) and non-rippable horizons with vary-
ing thicknesses. The rippable zone has an average thickness of 6.9 m and appears 
thicker on profile P1 (Table 2). On this profile, this layer is more or less uniform 
from east to west over the entire study area (Figure 4). The sediments that pre-
dominantly make up this horizon, sands and clays (Figure 6), have a velocity 
range of between 900 and 1500 m/s. As for the marginal unit, its average thickness 
is 2.1 m, with a maximum thickness at profile P3 (Table 2). This unit is also dom-
inated by sandy and clayey formations (Figure 6) with a Vp velocity varying be-
tween 1500 and 1800 m/s. This variation in velocity may correspond to the degree 
of compaction, which generally increases with depth [22]. 

 
Table 2. Thickness and Vp velocity of highlighted horizons. 

Velocity Vp (m/s) Level of rippability 
Thickness (m) 

P1 P2 P3 

300 - 1500 Rippable 9 3.7 8 

1500 - 2000 Marginal 2 1.3 3 

>2000 Non-rippable - - - 

 

 

Figure 6. Lithological description of core drilling (SC): A (SC2) and B (SC3). 
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Thus, this variation in velocity and degree of rippability is due to the petrophys-
ical and geotechnical properties of the subsoil formations, mainly the degree of 
compaction and hardness [19] [23].  

Referring to the Caterpillar rippability performance chart [17], the water reser-
voir should be located in the non-rippable layers, which are between 5 and 11 m 
deep, according to the geoseismic profiles and core drilling SC2. 

5. Conclusions 

The study of rippable zones in the basement domain in the Kong locality was car-
ried out by analyzing the distribution of compressional wave velocity Vp cali-
brated with some nearby core holes. Interpretation of the 2D seismic profiles and 
core holes revealed four (04) geoseismic units corresponding successively to a 
low-velocity surface cover, then to weathering products of varying thickness and 
velocity, and finally to a very dense heterogeneous basement preceded by a zone 
of fractures and/or fissures. Subsequently, these different geoseismic entities have 
been categorized into rippable (300 - 1500 m/s), marginal (1500 - 2000 m/s) and 
non-rippable (>2000 m/s) layers. The rippable horizon lies between 5 and 9 m 
depth, while the non-rippable fringe lies between 5 and 11 m depth, depending on 
the profile. Between these two main horizons lie marginal zones with varying de-
grees of compaction. 

Thus, the geological context of the study area presents, at the above-mentioned 
depths, characteristics conducive to the implementation of a water retention sys-
tem. 
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