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Abstract

This study enabled us to assess the granite potential on the Nonkouagon site,
with a view to meeting the need for supplies of aggregates (essential materials
for infrastructure construction). To do this, we began by identifying the re-
sistant zones, comparable to granitic formations, by means of resistivity maps
and 2D profiles using the dipole-dipole device. Next, electrical boreholes were
drilled with the Schlumberger device in the vicinity of these zones in order to
determine the depositional stratigraphy and therefore the rooting depth of the
massive rock, which varies between 6 and 30 m. Indeed, the electrical pro-
specting made it possible to highlight three lithological groups which are the
filling sediments, the volcano-sediments and the basement (granites). The
sedimentary formations correspond to the conductive zones, while the base-
ment is represented by resistant zones. Finally, to confirm the results of the
electrical method, seismic refraction was performed and the interpretation of
the seismic section also showed three geological layers. The roof of the granite
is observed from a depth of 16 m with a seismic velocity varying from 4.48
km/s to 4.72 km/s. The overlying layers are characterized by seismic velocity
which vary from 3.84 km/s to 4.32 km/s for the saprolite and from 3.61 km/s
to 3.76 km/s for the alterite. In addition, modelling of the granite areas made
it possible to determine the volume of rock and to estimate the exploitable
granite reserve at over one million tonnes.
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1. Introduction

The Proterozoic domain of Céte d Ivoireis made up of Birimian rocks [1], mainly
volcanics (tholeitic and calc-alkaline), granitoids, volcano-sediments and sedi-
ments. These formations are of Palaeoproterozoic age [2] and were emplaced dur-
ing the Eburnian tectonic-metamorphic event, a major episode of crustal accre-
tion at 2.1 Ga [3]-[6].

Because of their mineralogical composition, granitoids are very resistant mate-
rials that are widely used in major construction projects (roads, buildings, etc.).
Over the last few decades, the Ivorian government, in its ambition to contribute
to the development of infrastructures to satisfy its population both on its road
network and in housing, has increased the number of construction works. As a
result, the exploitation of granite rock quarries is booming as a result of a perma-
nent and growing demand for products such as aggregates (derived from granite
massifs) and cement. It is in this context that this work is being carried out to
estimate the granitic potential in the Nonkouagon locality using electrical resis-

tivity and seismic refraction measurements.

2. Geographical and Geological Context

Nonkouagon is located in the south of Cdte d Ivoire. A village in the Songon sub-
prefecture in the commune of Yopougon, it is located in the Agnéby valley 54 km
(north-west) from Abidjan (Figure 1).

The climate is sub-equatorial, with a relief marked by the presence of three ma-

jor geomorphological complexes: the high plateaux, the coastal outcrops and the

plains [7].
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Figure 1. Geographical location of the study area.
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Nonkouagon is a contact zone between the formations of the crystalline base-
ment and those of the sedimentary basin [1] [8]-[10]. The geological context of
this zone is Birimian (Figure 2) and includes fill sediments, volcano-sediments

and sub-alkaline granitoids with two micas [11].
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Figure 2. Geological map of the study area [8].

3. Methodology

The principle of electrical prospecting involves injecting an electric current of in-
tensity /into the subsoil using two electrodes (current electrodes). The potential
difference A Vof this current is then measured using two other electrodes (poten-

tial electrodes). The apparent resistivity is then obtained from the following ex-

pression:
AV
= k—
Pa 7
Pa : the resistivity (Q.m);
k : the geometric factor depending on the measuring device (m);

AV :the measured potential difference (V);

I : the intensity of the electric current (A).

Electrical tracing is used to determine lateral variations in electrical resistivity;
the device used is the dipole-dipole, characterised by an identical spacing between
the current injection electrodes (A, B) and the potential electrodes (MN), hence
(AB = MN = a). For this study, the SYSCAL PRO resistivity meter was used to
emit the current and take the electrical resistivity values, with a spacing of 20 m
between the electrodes.

RES2DINV software was used to produce psections showing the true values of

apparent resistivity at actual depths. Geosoft can then be used to produce resistiv-
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ity maps to assess the horizontal extension of geological formations.

Electrical drilling is a technique used to investigate the subsoil vertically at a
given point. It involves taking a series of measurements of the apparent resistiv-
ity pa at the point of interest, keeping the potential electrodes MN fixed and
successively moving the current electrodes AB apart. During the implementa-
tion of the electrical survey with the Schlumberger device (where MN<<AB),
the potential electrodes MN were fixed at 1 metre (.e. MN/2 = 0.5 m) and the
separation of the current electrodes AB began from 2 metres (Ze. AB/2 = 1 me-
tre) up to AB = 100 m, 7.e. AB/2 = 50 m. Two clutches were made during this
measurement:

- the first at AB/2 = 3 metres, MN/2 is reduced to 1 m;
- the second at AB/2 = 20 metres, MN/2 is reduced to 2 metres.

Inverting the borehole data using IX1D software produces borehole curves, the
shape of which can already give an idea of the characteristics of each horizon.

To estimate rock tonnage, we first need to define the granite areas, then de-
termine the volume of rock and finally estimate rock tonnage. The granite areas
are delineated using resistivity maps based on depth. The volume of rock is de-
termined from the results of the surface of the granite areas and the average
thickness of the granite in each area. This involves multiplying the surface area
by the average thickness of the granite [12]. Finally, the tonnage (QG) is deter-
mined by multiplying the total volume of rock by the density of the granite,
which is 2.67.

The seismic acquisition (seismic refraction) was carried out on a layon (L150)
where resistant zones had previously been determined using the electrical method.
This acquisition was carried out in order to provide more precise information
about the competent rock. Five shots were fired at specific locations (Figure 3), in
order to study the variation in seismic wave propagation times as a function of the
distance separating the signal recording point and the shooting point where the
explosions were made. Variations in seismic velocity are a function of hard-
ness/density, degree of consolidation, water saturation, etc. So we can distinguish
between compact rock and solid rock. A distinction can thus be made between
compact rock and loose ground, compact rock and weathered rock, fractured

zones in sound rock, and the level of the water table [13]-[15].

ACQUISITION PROFILE

W Position of geophones W Position of geophones
acquisition 1 acquisition 1
\AAAAAAAAAAAAAAA YYY
. vvva’VVYVVW: !v'vvvvv AAA/
is -5 65 75 105 115 135

Figure 3. Schematic presentation of the seismic acquisition (the yellow circles represent the
shooting points).
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A set of 24 geophones connected to the GEODE 24 seismograph were used to
record seismic data from hammer blows on a steel plate. Once the number of
layers had been determined from the slope breaks on the dromochronics (a
curve representing time as a function of propagation distance), the data was in-
verted to obtain a 2D diagram of seismic wave velocities using SEISMAGER

software.

4. Results

The electrical train data provided four resistivity maps with depths of 2, 8, 14, and
20 metres.

The maps at depths of 2 and 8 m (Figure 4(a) and Figure 4(b)) have the same
characteristics and show apparent resistivities that vary from 60 to 2000 Q.m.
Three types of anomalies are highlighted. High resistivity anomalies (from dark
red to violet), which can be identified from 1027 Q.m upwards. Medium resistivity
anomalies (yellow to orange) have values between 522 and 984 Q.m. Low resistiv-
ities (blue to green) are below 522 Q.m.

Structurally, these two maps are not so different as similar fractures (F1, F2 and
F4) are found oriented N 70°, N 108°, N 15° respectively.
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Figure 4. Resistivity map for different depth levels, (a) depth 2 m, (b) depth 8 m, (c) depth 14 m and (d) depth 20 m.
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At a depth of 14 m (Figure 4(c)), resistivities vary from 90 to 3128 Q.m. Zones
of high resistivity are above 1350 ).m while zones of medium and low resistivity
are between 425 and 1179 Q.m; 90 Q.m and 425 Q.m respectively. Four fractures
are highlighted, F1, F2, F4 and F5 oriented N 70°, N 112°, N 50° and N 15° re-
spectively.

Resistivities at 20m depth (Figure 4(d)) vary between 110 and 9645 Q.m. The
resistive zone has a value greater than 2000 2.m. The average resistivity zone is
between 476 0.m and 1800 Q.m. Finally, the conductive part has values between
110 O.m and 476 Q.m. At this depth, the granite is still affected by several fractures
ranging in orientation from N 15° to N 150°.

The resistant anomaly in the upper part (to the north) of the 2 and 8 m deep
maps appears to be very superficial because it disappears with depth.

With regard to the inverse sections of the electrical resistivity tomography, 04
profiles (L0, L200, L400, L600) out of 13 profiles were selected to present the geo-
electrical structure of the subsoil (Figure 5). All these profiles are oriented SW-
NE.

Along profile L0 (Figure 5(a)), the roof of the high-resistivity zone is rooted
from 20 m upwards, with the exception of station —360 where a resistant part is
found at the surface (7.5 m) due to a discontinuity between the moderately re-
sistant zones. The non-rooted zones have a lower electrical resistivity because they
are exposed to strong weathering. These would be lateritic layers.

On the reverse section of profile L200 (Figure 5(b)), the bedrock extends from
stations —590 to —80. The top of the bedrock is rooted at 20 m but in some places,
it is found at 10m. A fracture occurs at 20m at station —540.

Profile L400 (Figure 5(c)) shows pockets of bedrock rooted in conductive lay-
ers. The areas of low resistance observed on the surface represent weathered bed-
rock.

The resistivity section L600 (Figure 5(d)) also shows resistant zones on the sur-
face. Given the position of this bedrock, it would hypothetically have undergone
alteration.

Electrical survey

The electrical tracings highlighted anomalies indicating the presence of lith-
ological contacts and fractures. The electrical boreholes (Figure 6) give an idea
of the number of terrains (geological layers) and their respective thicknesses,
with a view to estimating the depth of the sound basement roof (granite roof).
In the course of this study, four (04) of the 15 electrical boreholes (EB) were
drilled.

The boat-shaped sounding curves (type H), represented by SE6 (Figure 6(a)),
show 3 horizons, the first of which is the weathering layer, the underlying horizon
is slightly weathered and not very conductive (saprolite). The last horizon is re-
sistant and represents the sound bedrock at a depth of 8 m. The first and second
layers are 1 m and 7 m thick respectively. The sound bedrock begins at a depth of

8 m.
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Hole SE4 (Figure 6(b)) shows a KH-type curve with a weakly resistant over-
burden 2.5 m thick. A layer (saprolite) lies underneath with low resistance. The

sound bedrock follows at 3.5 m but is altered from a depth of 6 m.
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We also observe another type of drilling curve (SE11) characterised by a de-
crease in resistivity with depth (Figure 6(c)). This is represented by a Q-type
curve. The resistant formations are superficial without, however, exceeding the

2000 Q.m mark. Rooted formations are in the order of 100 Q.m.

Type A curves are also observed at the SE14 boreholes (Figure 6(d)). Three

horizons stand out, a superficial overburden, followed by rock weathering and

finally healthy granite, the roof of which is at a depth of 10 m.

DOI: 10.4236/ijg.2025.168026

547

International Journal of Geosciences


https://doi.org/10.4236/ijg.2025.168026

Y. OQuattara et al.

Table 1 summarises the thicknesses of the different layers at the various drilling
points. For boreholes SE9, SE10 and SE11, there is an absence of sound bedrock

due to the decrease in resistivity with depth.

Table 1. Summary thicknesses of the various layers at the electrical survey’s points.

Electrical Survey SI1 S3 S4 S5 S6 S7 S9 S10 S11 S13 S14 S15

Depth of weathering(m) 6 18 95 6 8 20 - - - 30 10 10
Granite thickness(m) 94 82 25 94 92 80 - - - 70 90 90

Based on the drilling data, maps of granitic areas have been drawn up for each
depth level (Figure 7). They show the potentially exploitable zones from which
the volume can be deduced.

The maps at shallow depths (2 and 8 m) show a good (homogeneous) concen-
tration of resistant formations, corresponding to granite in the northern part

(Figure 7(a) and Figure 7(b)), while there is a high concentration of these granite
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blocks to the west of the prospect compared with the other sectors at increasingly
greater depths (Figure 7(c) and Figure 7(d)).

Given the heterogeneity of the subsoil, it is advisable to average the granitic
areas at the different depth levels (2 m, 8 m, 14 m and 20 m), which allows us to

estimate the buried reserves used to calculate the volume (Table 2).

Table 2. Estimate of buried reserves (the results of some boreholes, such as 9, 10 and 11 are
not suitable for quantification because of the absence of sound base).

Area Electrical Ave‘rage granite Surface area Volume (m?)
surveys thickness (m) (m?)

Aire1  S1,56,87 85 2712.1 230528.5

Aire2  S1,54,813 55.5 1592.7 88394.9

Aire 3 S14, 815 90 735.75 66217.5

Aire4 59,810,811 - 1731.6 -

Adding together the volumes specific to each granite area gives the total rock
volume which is 385104.9 m’.

Once the volume has been determined, we can easily estimate the tonnage.

QG =385104.9 x 2.67

QG =1028326.2 t

2.67 being the density of the granite and QG is the tonnage of granite.

Seismic profiling of the granite

The seismic profile, 120 m long, was made between stations —600 and —480 on
the layon L150. The profile (Figure 8(a)) shows the presence of three distinct ter-
rains (alterite, saprolite and basement). The top of the basement begins at 16m at
the pk —600 station, but the top is more visible at the surface from the pk-510
station.

The seismic section (Figure 8(b)) also shows three distinct tabular zones de-
pending on the speed of the seismic waves. The roof of the granite is easily distin-
guishable from 16 m upwards, thanks to a deepening red colouration. The seismic
speed varies from 4.48 km/s to 4.72 km/s. The overlying layers characterised by
green and yellow colours are saprolite and alterite respectively. The seismic veloc-
ities revealed vary from 3.84 km/s to 4.32 km/s for the saprolite and from 3.61
km/s to 3.76 km/s for the alterite. The saprolite is 10m thick, while the alterite is
6 m thick.

In view of these results, we can say that the electrical prospecting and seismic
refraction methods are complementary and can be used either together (for
greater precision) or one in place of the other.

5. Discussion

The combined application of different geophysical prospecting methods (electri-
cal resistivity and seismic refraction) has made it possible to highlight information

on the petrophysical characteristics of the Nonkouagon subsoil.
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Electrical prospecting uses variations in electrical resistivity to obtain infor-
mation about lithological variations in the subsoil [16] [17]. Thus, after electrical
profiling, three lithological sets were observed, as in the research results of [18] in
the Sikensi department. These are fill sediments, volcano-sediments and granites.

The sedimentary formations, conductive zones of varying thickness observed
on the resistivity maps, correspond according to [19] to a system of fluvial depos-
its. In fact, the Nonkouagon area has a humid climate that causes strong weather-
ing. The virtual absence of outcrops is due to the presence of an alteration mantle
covering the granite. This alteration mantle is highlighted by 2D images and its
resistivity does not exceed 1500 Q.m.

Like [20], our borehole results allowed us to assess a quarrying thickness of
more than 50 metres. Thus, based on the work of [12] [21], a rock volume is esti-
mated by performing the product of the surface area of resistant zones by their
depth. This calculation technique, which is effective for estimating the volume of
a rock mass, was used in our study to quantify the Nonkouagon prospect.

The conductive and resistant structures are oriented NE-SW, with a concentra-
tion of resistant formations to the south-west. This orientation is the same as the
orientation of the structures highlighted during [8] research into the orientation
of the Birimian formations (NE-SW).

In addition to this technique for quantifying the granitic massif, there is another

equally effective way of calculating rock tonnage: the voxel method [17] [22]. This

DOI: 10.4236/ijg.2025.168026

550 International Journal of Geosciences


https://doi.org/10.4236/ijg.2025.168026

Y. Ouattara et al.

is a three-dimensional modelling technique that shows both a 3D model and the
volume of the formations being investigated.

The combined use of different geophysical methods gives a fairly accurate idea
of the rooting of geological formations. For example, to determine the precise na-
ture of the geological contacts between the basic and ultrabasic rocks in the Bay
of Audierne, [23] used seismic refraction in addition to the magnetic method. In
our case, in addition to electrical prospecting, seismic refraction was used experi-
mentally to confirm the presence of bedrock.

The top of this granite was observed at a depth of 16 m with a seismic velocity
slightly exceeding 4.5 km/s, demonstrating that this granite is of good quality.
Studies on the petrophysical characteristics of rocks as a function of seismic ve-
locity by [24] have shown that the higher the resistivity, the higher the seismic
velocity Vp. This is the case for our granite section where, during drilling (S6 and
S§13) on line L150, the resistivity measured was high (>10,000 Ohm) and the seis-
mic velocity in the order of magnitude of (4.72 km/s).

6. Conclusions

The aim of this work was to assess the granitic potential of the Nonkouagon lo-
cality with a view to meeting aggregate supply needs. Electrical resistivity meas-
urements (drag and borehole) were used to monitor lateral and vertical variations
in conductive and resistant zones, while highlighting the presence of layers of al-
terite, saprolite and sound rock.

The top of the massive rock lies at a depth of between 6 and 30 metres. To con-
firm the presence of the rock, a seismic refraction study was carried out and the
interpretation of the seismic section showed the presence of granite from 16 m.

Modelling of the granite zones enabled us to determine the volume of rock and
estimate the exploitable granite reserve at over one million tonnes. However, in
some places, there are fractures that could compromise mining if they contain

water.
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