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Abstract: This study, carried out in Bouaké (Central department of Cote d’Ivoire), is based on the review
processing of the aeromagnetic data collected during 1974 to 1976 by Kenting Earth Sciences company.
Reduction to the equator and vertical integration filters were applied to the data to emphasizing the role of the
geological structures on the productive aquifer network located in Bouaké area. As a result, the aquifer network
of Bouaké is composed of felsic rocks (granitoids), schists and numerous faults with different directions such as
N-S, NE-SW (main direction) and NE-SW, ESE-WNW, NNE-SSW and ENE-WSW. The schists and the fractures
especially in N-S direction are the most interesting zone for underground water exploitation.
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I.  Introduction

In hydrogeology, the lithological composition of aquifers has a particular interest especially in
groundwater exploration. Moreover, understanding of the fracture networks before any drilling operations
becomes a good parameter to characterize the discontinuous aquifers. Therefore, the design of an accurate
lithostructural map should be an additional guide to lead a successful hydrogeophysical exploration, especially
in a basement area to solve one aspect of the water scarcity problem faced by the population in Bouaké
department.

Commonly, the aeromagnetic data represents the most popular data used by the geophysical
community to map the hydrogeological most interesting structures [1-6]. Therefore, the use of the aeromagnetic
data to highlighting the lithological, structural features as well as the fracture network in Bouake department
should be a good approach to better understand the whole hydrogeological interest of this locality.

Il. Material And Methods
1.1 Geological setting
The department of Bouake is located in center region of Cote d’Ivoire (about 340 km from Abidjan)
with area estimated around 3,541 km?. The department lies between longitudes 4°30 and 5°14 W and latitudes
7°18 and 8°02 N (Fig. 1).
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Figure 1. Location map of Bouaké department

The geological structures of Bouake were established during the Eburnian orogeny (2,500 Ma to 1,600
Ma). In addition, the geology of Bouaké is demarcated by two (02) series: the Eburnian and the Birimian series

(Fig. 2).
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Figure 2. Geological map of Bouaké department [7]

The Eburnian is composed exclusively of granitoids with various types: the granitoids with intrusive
features and the hybrid features composed of the granites, granodiorites and migmatites [8-9].

The Birimian is a set of volcano-sedimentary series composed of the metamorphic rocks ranged from
the greenschist to the amphibolite rocks oriented to N-S. In addition, the Birimian series also include the
intermediate eruptive rocks such as the volcano-deposits and the meta-deposits (schists, quartzites).

Moreover, three main deformations have affected the geological structures in Bouake area [10-15]:

- Deformation of type | (also called early stage) is characterized by the vertical tectonics of diapirism
type;
- Deformation of type Il, characterized by the SW-NE rift that affects the sedimentary rocks of the

Bandama basin;

- Deformation of type 11, which is demarcated by a N-S break-plan.
Deformations Il and 111 are related to the transpressure closure of Bandama basin to which belongs the study
area. During this local tectonic motion, the isoclinal folds were set in place with the horizontal axis tilted to the
NE-SW.
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11.2 Data and methods

The aeromagnetic data was acquired by Kenting Earth Sciences company during the years 1974 to
1976. The survey covers the Bouaké 2d, 4b, 4d and M'Bahiakro 3a, 3b, 3c and 3d sections.

The aeromagnetic data was firstly preprocessed which consists to digitalizing the raw data format to the
numerical format and to store the digitalized data into a database. Secondly the transformed data was processed
using the Oasis Montaj software from Geosoft Corporation to build the residual magnetic field map from which
two filters were applied (Fig. 3).
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Figure 3. Aeromagnetic processing flow

The International Geomagnetic Reference Field (IGRF) is used to compute the intensity, the inclination
as well as the declination of the earth's magnetic reference field from the geographical coordinates of the
measurement stations. These processing flows were done considering the date of the aeromagnetic survey.
Indeed, taking into account of the reference magnetic field value, the intensity of the residual field emanating
from the rocks in place can easily be deduced using the following formula;
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Hy=H,; —H,
where:
Ho: Residual or induced magnetic field, H1: Magnetic field read or total; and H2: Earth's reference magnetic
field.

The equatorial reduction filter was used in low-latitude magnetic areas, (In the case of Cote d’Ivoire),
to center the threshold of the magnetic anomalies from their sources. That could solve the magnetic anomaly
asymmetry problem by making the data easier to interpret. This filter can be expressed as:

L6 [sin(I) —i.cos(I) .cos(D — 6)]? x (—cos?(D — 8))

®) = [sin2(Ia) + cos?(Ia).cos?(D — 0)] x [sin?(I) + cos?(I).cos?(D — 0)]

If (lal<(Ill), la=1

where: L: Latitude of the station, I: Magnetic inclination; la: Tilt for amplitude correction, D: Declination,
sin(l): Amplitude component; and i - cos (1) - cos (D - 6) are In-phase component.

The addition filter such as the vertical integration is useful to determine the long-wavelength anomalies
especially those generated by the basement rock [16]. This filter operates as the upward analytical extension.
Indeed, the signal is smoothed and the responses of the deep structures gave priority to shallow objects. The
vertical integration filter is given as:

H, = (7H )—1_[<6H oH )]‘1
w /z I\ oz 'ox,y

where: Hiv: Vertical integration of the field, H: Magnetic field, x, y: Horizontal directions in the spectral

domain, z: Vertical direction in the spectral domain.

111. Results
I11.1 Reduced to equator map
Figure 4 shows that the magnetic susceptibility is very weak in the Bouaké department with the

difference between maximum and minimum of the magnetic anomaly value approximated to 100 nT. These
aeromagnetic signatures seem to belong to the same geological structures and its segmentations. However, the
qualitative analysis of the reduced field map demarcates three (03) main zones (magnetic domains):

- the magnetic anomalies with higher amplitude (from red to pink);

- the intermediate aeromagnetic zone (green to yellow-orange);

- the magnetic anomalies with low amplitude (light to dark blue).
For the following study, we will use the term of “high” and “low” magnetic domain to specify the magnetic
anomalies with higher and with lower amplitude respectively.
Thus, the high magnetic domain (with higher amplitude) is distributed throughout the study area and mostly lied
along with the NE-SW direction. They are in Figure 4, represented by the anomalies Al (in the North-Eastern),
A2 (in the Eastern), A3 (in the Center) and A4 (in the South-Western), and show some distorted and irregular
contours caused by intense tectonic activity in this region. Whilst, the low magnetic domain mainly lied from
the northwestern to the southwestern with little presence in to the western, center and eastern part. Like the high
magnetic domain, low magnetic domain structures are mostly oriented in NE-SW direction. This structures
direction demarcated in study area fit property to the Eburnian direction. However, the geological structures
resulting from an intermediate domain (the transition zone: between the high and the lower magnetic domain)
are mostly dominated with various magnetic structures directions.
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Figure 4. Reduced to equator map of Bouaké department

I11.2 Vertical integration map

Similar to the reduced Equator map, the high (red to pink) and low (light to dark blue) magnetic
domain structures were demarcated. Figure 5 shows that the magnetic structures located in the center part of the
study area are surrounded by the structures with low magnetic intensity. This can be explained by the fact that
the higher magnetic structures would be the more recent geological structures. In addition, we can speculate that
the structures with higher magnetic value are deeper with regular shape based on the previous analysis
performed in figure 4 (from Al to A4).

Furthermore, the most faults located on the reduced equator map (Fig.4) does no longer appear on the
vertical integration map. Indeed, except the faults relating to the A2 anomaly, the faults emphasized by the use
of the vertical integration filter are oriented in the NE-SW direction with the strike angle tilted to N-S (NW-SE)
from the shallow to deep.
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Figure 5. Vertical integration map of Bouaké department

I111.3 Lithostructural synthesis and borehole productivity
I11.3.1 Lithological analysis

The lithostructural map in Figure 6 results from the combination of the reduced equator and the vertical
integration maps.

The high magnetic domain (in pink color) is demarcated by the rocks dominated by dark minerals with
the existing of more boreholes. However, the borehole data collected in this domain reveals that the aquifer is
more granitic (i.e. composed of granite rocks) although the aeromagnetic responses are higher. Indeed, the
granitic structures are presumed to not have a higher magnetic signature. The non-consistency of the high
magnetic response can be explained by the mineral composition of the targeted rock. For instance, the granitic
structures composed of the minerals such as biotite and amphibole can indicate some high magnetic responses
due to existing ferromagnesian silicates (biotite and amphiboles) and some magnetic oxides which are able to
increase the magnetic susceptibility value.

Otherwise, the low magnetic domain (silvery-blue color) corresponds to the felsic rocks (with low
magnetic susceptibility) and schists confirmed by the previous borehole data collected in this domain.

The both magnetic domain (high and lower) are separated by the magnetic aureoles shown in yellow in
Figure 6. These aureoles are the result of intermediate magnetic signatures. In addition, the boreholes drilled in
this domain has shown the existing granites with less amount of the ferromagnesian and/or oxides than the high
magnetic domain granites.

DOI: 10.9790/0990-1001010111 www.iosrjournals.org 7 | Page



Contribution of aeromagnetism to the lithostructural identification of the aquifer system of ..

255000 270000 285000 300000 315000 330000
I I I I I I

— +

[ ]

Magnetic
domain

Weakly
magnetic
domain

[ ]

Magnetic
transition
zone

-
Magnetic
contact

885000
000588

000048

870000
I
+

855000
I
+
000558

Fault

840000
000078

Uncertain
fault
O
Granite
A
Shales
Flow (m“h)
WOoto3
3to5
M 5 and
| | | | 1 | more
255000 270000 285000 300000 315000 330000

10000 0 10000
T gy —¢

825000
|
+
000528

810000
|
O
000018

(meters)
WGS 84 /UTM zone 30N

Figure 6. Lithostructural map of Bouaké department
111.3.2 Productivity of geological formations
Table 1 shows the correlative study between the flow rates and the types of geological structures
collected at the same place where the boreholes were drilled.

Table 1: Distribution of flow rates according to lithologies

Flows Q (m*/h)
Lithology Number of boreholes Total
[0;3[ [3:5[ [5;-l
Granites Number 105 21 18 144
0,
Undifferentiated rocks Percentage (%) 72,92 14,58 12,50 100
Schists Number 10 3 5 18
Percentage (%) 55,55 16,67 27,78 100
Granite | Number 42 9 9 60
Percentage (%) 70 15 15 100
. . . . Number 42 3 4 49
Differentiated granites Granite I1 Percentage (%) 85.72 6,12 8,16 100
Granite 11 Number 21 9 5 35
Percentage (%) 60 25,72 14,28 100
Schists | Number 2 1 1 4
Percentage (%) 50 25 25 100
. . . . Number 6 1 1 8
Differentiated schists Schists 11 Percentage (%) 75 125 125 100
Schists 111 Number 2 1 3 6
Percentage (%) 33,33 16,67 50 100

With:
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I: Magnetic domain (relatively rich in oxides and ferromagnets);
I1: Intermediate magnetic domain (relatively poor in oxides and ferromagnets);
I11: Weakly magnetic domain (free of oxides and ferromagnets).

The analysis of Table | shows that with a total of 144 boreholes (with various granitic rocks types),
only 27 % show the average to high flow rate values (Q >3 m%h). In addition, around 44 % of the boreholes
drilled on schists provides an average to high flow rates values. The schists are considered as the interesting
rocks than the granites according to their magnetic signature. However, it remains difficult to ascertain this
assumption because of the few numbers of boreholes drilled on the schists in the survey area.

Furthermore, based on the magnetic signature of the magnetic domains aforementioned, a correlation
between the boreholes productivity (related to the flow rates) and the type of geological structures can be
demarcated. Thus, the most interesting rocks in Bouake area should be the granites 111 with 40 % representation
(flow greater > 3 m*h) following by the granites I and granites II with 30 % and 14 % of flow rate > 3 m%h
respectively. Similarly, the schists located in the high magnetic domain can be considered as the less productive
than the ones located in the low magnetic domain which represent of flow rates > 3 m*/h. From this analysis, we
can deduce that the magnetic rocks with low signatures are the most productive than the rocks with higher
magnetic signatures. However, locating a drilling on the intermediate magnetic rocks can be considered more
risky based on Table 1 stats which show that 85 % of the boreholes drilled in granites and 75 % in schists
indicated the flow rates < 3 m%h.

111.3.3 Structural analysis and fracture productivity

The rose diagram in Figure 7 show the overall number direction of fractures (N = 38) in Bouake area.
The analysis of this diagram indicates that the NNW-SSE direction category composed the main direction of the
fracture pattern following by the NE-SW, NNE-SSW, NW-SE, N-S and ENE-WSW and WNW-ESE categories.

N

N=38 s
Figure 7. Rose diagram of the existing fractures

The hydraulic productivity differs from one magnetic domain to another along with the same fracture.
Overall to 162 boreholes drilled, 28 have the high flow (Q > 5 m*/h), 24 have average flow (3 < Q < 5 m%h) and
110 have low flow (Q < 3 m*h).
The study of the drillings location according to the existing fractures from aeromagnetic results
demarcated two (02) categories of boreholes:
- the boreholes located near a fracture zone (less than 1 km away) (52 boreholes)
- the boreholes located out of a fracture zone with number estimated at 110.
Table 1l summarizes the two categories of boreholes.
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Table 2: Borehole productivity according to the fracture direction

Number of boreholes

Direction of Number of Percentage of Borehole rate at Q >
fractures boreholes boreholes (%0) Qe[0;3[ Q€e[3;5] Qe[5;—] 3m’h (%)

(m°h) (m°/h) (m*/h)
ENE-WSW 1 1,92 1 0 0 0
NE-SW 4 7,69 2 0 2 50
NNE-SSW 6 11,54 5 0 1 16,67
NNW-SSE 23 44,23 17 4 2 26,09
N-S 13 25 8 3 2 38,46
NW-SE 4 7,69 3 0 1 25
WNW-ESE 1 1,92 0 1 0 100
Total 52 100 29 7 4 21,15

From the table II, the flow rate (Q >3 m%h) considered as the success flow rate are mainly located on
or close to a fracture and the rate is estimated at 21.5 % (around 1/5). This low rate clearly indicates that the
location of the drilling rate on or close to a fracture zone cannot be considered as a confident criterion to obtain
a good flow rate after the drilling operations. The type of fracture as well as its direction can also be considered.

Moreover, the NNW-SSE and N-S directions are the most considering direction in the Bouake area.
These directions have the higher rate of success drillings (Q > 3 m®h with 26.09 % for the NNW-SSE and 38.46
% for the N-S directions. The NNW-SSE and N-S directions are the most productive than the NE-SW and
WNW-ESE directions although the latter direction seems to give a good flow rate. Furthermore, the fractures in
N-S direction are parallel to the Precambrian series tectonic constraints which are considered as the crack
tensors and the most interesting zone for the groundwater exploration.

V. Discussion

This aeromagnetic study contributed to emphasizing of the geological structures of Bouaké department.
About the lithology, despite the weak contrast in magnetic susceptibility, the rocks with higher magnetic
signatures were clearly differentiated from the low magnetic signatures. The correlative study of the magnetic
signatures with the petrographic of the boreholes rocks demonstrates the existence of some granites with high
magnetic domain (felsic rocks) composed of the strong ferromagnesian minerals (with high magnetic
susceptibility). Moreover, the study shows that the granites with high magnetic signature especially composed
of biotite and/or amphibole are less productive than schists. These results were confirmed by the work of [17],
who argues that the boreholes located on a granite are the most the less productive.

According to the structural analysis, the various fractures with different directions were demarcated
(NNW-SSE, NE-SW, NNE-SSW, NW-SE, N-S, ENE-WSW and WNW-ESE) using the aeromagnetic data. The
main NNW-SSE fractures, were generated by a regional post-eburnian NNE-SSW tectonic phase [9]. The work
of [18], indicated that the main fractures of the Bouake area result from late deformation and were characterized
by a crenulation schistosity (S4) of N120 direction. Moreover, the fracture with the NNW-SSE and N-S
directions have been identified in the Man-Danané region [19]. The additional works of [19] concluded that the
NNW-SSE and N-S directions are to the most interesting fracturing in the Bouake area. About the origin of
these fractures, [20] argued that the fractures NNW-SSE result from the ductile shearing while the N-S fractures
are setting up during the shearing zone.

V. Conclusion

Despite the few variations of the aeromagnetic signatures in the Bouaké department, three (03)

domains were identified:
- the high magnetic domain composed of the felsic rocks (with ferromagnesian oxides or silicates
minerals), the green schists and the granites (with biotite and/or amphibole minerals);
- the medium magnetic domain corresponding to felsic rocks relatively poor in ferro-magnesian oxides
or silicates;
- the low magnetic domain corresponding to felsic rocks very poor in oxides or ferromagnesians.
The main demarcated fractures in Bouaké are oriented along the NNW-SSE, NW-SE, N-S directions while the
secondary fractures steered to the NE-SW, ESE-WNW, NNE-SSW and ENE-WSW directions.

Furthermore, the analysis of the boreholes productivity demonstrated the influence of the petrographic
aspect of aquifers as well as the fractures direction according to the success rate of the flow collected on the
Bouake area after the drilling operations. Finally, the schists, the granites with low magnetic signatures as well
as the fractures in N-S direction remained the most interesting the most productive and constituted the most
interesting targeted for groundwater exploration. Therefore, combining the type of rocks by considering its
direction and its magnetic signatures can be a great approach to find the better place to locate drillings point
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after geophysical survey. Thus, the isostructural study before the operating study can minimize the risk of
failures associated to the drillings which indirectly could solve one aspect of the water scarcity problem.
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