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Abstract

The shallow subsurface structure along a profile on the Bafia Group in Cameroon has
been investigated using data from both DC electric method and pedologic logs. The
combination of these approaches aims to resolve the non-uniqueness of solution inherent
to inverse problems in geosciences. Results show that the bedrock is located at depth
between 11 and 25 m along the line and is overlain from the surface by a thin
organo-mineral lateritic cover, an aggregated sandy clay layer, and an altered schistose
layer. However, the bedrock displays a change in electrical properties moving from the
south (1400 Qm) to the north (2500 Qm) of the profile. This observation is correlated
with the presence of mica minerals found in logs of pit 1, located in the south of the
profile, and its absence in pit 2 in the north. The change in composition resulting to the
variation in electrical propertities of the bedrock could be associated to the shallow effect
of the Sanaga Faults, known as a major tectonic structure crossing the region. The
sandy-clay layers with thicknesses range 1-5 m is believed to represent a potential thin
aquifer, due to the resistivities range 15-100 Qm, common to some aquifers.
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1 Introduction

The wet intertropical region is characterized by an important thick lateritic cover which
overlies unaltered geological structures. This lateritic cover has been setting since
millions or years due to the evolution of the climate and the vegetation. This pedologic
feature occupies the major part of the soil of the South Cameroon Plateau which extends
south to the Adamawa Plateau and east to the Cameroon Volcanic Line, and is known as
the largest topographical feature of Cameroon.

The pedology of the South Cameroon Plateau has been investigated in the past with the
main focus on the organization and the evolution of alteration profiles [1, 2, 3, 4, 5].
However, the presence of indurate layers as well as the spatial heterogeneity and the great
thickness of the soils did not facilitate the realization of pits useful for their entire
characterizations. Therefore, the alternative solution to the digging of pits is the
geophysical approach which can provide information on the structure of the subsurface
through the study of the variation of a single physical parameter. The Direct Current (DC)
electrical method, which is worldwide used to investigate soils [6, 7, 8, 9], has been
applied to various areas of the South Cameroon Plateau to obtain significant information
on the thickness, depth, nature and lateral variation of the different layers and interfaces
of the subsurface [1, 10, 11].

The area under investigation in this study is located in Balamba-Bombato, lying between
latitude 4°20° and 4°30° North and longitude 11°10° and 11°20° East, in the
administrative region of Centre in Cameroon. It has been recently surveyed using
magnetotellurics [12] and teledetection [13] methods. Results from these geophysical
studies provided useful information on the location, the structure and the tectonic setting
of the Sanaga Faults, known as the main tectonic feature crossing the area. However, due
to the lateritic cover, surface evidence of the presence of these faults is missing [13].
Additional to these surveys, some other geosciences related studies are reported in the
area [14, 15, 16, 17]. These works revealed an incomplete lithological map of the region
due to the thick soil, dense vegetal cover and uneven spatial distribution of outcrops,
which resulted to imprecise delineation of areas of contact between the various
lithological formations settled after different tectonic events. The aim of this study is
therefore to investigate the structure and the composition of the soil under the lateritic
cover in order to infer the tectonic history and the average depth of the substratum of the
region, using both DC electric soundings and pedologic logs. By combining the two
datasets, we expect to uniquely characterize the vertical and lateral distribution of rock
materials over the study area, and characterize the aquifer to understand the difficulties of
the local population in accessing ground water throughout the year.

2 Geological Settings and previous works

The study area belongs to the Bafia group, which is located in the southern part of the
Panafrican Belt in Cameroon, also referred as the South Cameroon Plateau [Figure 1].
The South Cameroon Plateau is thought to have been formed during the Eocene [17]. The
lateritic cover found within the region, as seen in the Mbere Trough in Cameroon and
widely in Africa, is also dated from Eocene [18]. It has a complex geomorphology that
had impacted on the composition of the rocks found in the region. In fact, the succession
of mountains and plains are respectively reflecting the alternation of quartzite and
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gneisses [19].
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Figure 1: (a) Position of the Bafia Group in the Pan-Africain fold belt of Cameroun. LC:
Cameroon line; FS: Sanaga Fault; CCC: “Centre Cameroon Shear Zone”. Modified from
Nzenti et al., 1984. (b) Geological sketch map of Bafia area (redrawn after Weecksteen
(1961). 1-Tertiary volcanism; 2- Cretaceous Sediments; 3-Granite; 4-“Embrechite gneiss”;
5-Micaschist and quartzite; 6-Undiferenciated gneisses; 7-Amphibolites, pyroxenites;
8-Hypersthene granulite facies; 9-Dip and strike; 10- Tectonic lines; 11-Faults.
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The Panafrican mobile Belt also called Oubanguides [20], or North Equatorial Panafrican
Belt [21, 22] is a megastructure limited in the South by the Congo Craton. The dominant
climate in the area is a transitional tropical type with four seasons. The average rainfall is
2518 mm/year with average annual temperature 31.03°C.

The Bafia unit extends between the Sanaga lineaments in the south, the lineaments of
Adamawa in the north and those of Kribi in the southwest [Figure 2, 16]. It represents a
large bedrock shell, carted tangentially eastward on the the micaschist series of Sa'a, and
lying themselves on the shistosic series of Mbalmayo following a layer tectonics [23, 24,
25].

Recent studies in the area revealed the presence of juvenile alkaline basalts and
granitoides. The basalts have been interpreted as evidence of a paleoproterozoic [26]
and a neoproterozoic [27] crustal extension, while granitoides were found as
characteristics of an active margin [27]. Earlier, [28] showed that the tectonic history of
the region is associated to two phases of deformation, a ductile phase characterized by
syn-metamorphic folding and an abrupt phase dominated by vertical movements. These
observations were improved later by [16] and [29] who identified two ductile phases D1
and D2 and one abrupt phase D3. The D1 is thought to be responsible of the foliation
along the area while D2 is at the origin of the formation of map-scale folds, shear planes
and the L2 stretching lineation, which indicates SSW-ward thrusting onto the Congo
Craton. The third deformation phase was brittle.
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Figure 2: Lithologic map with foliation trajectory of Bafia region (modified from Mvondo

Ondoua 2009).
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The remote sensing data was used to suggest the western extension of the Bozoum-N’dele
faults (Central African Republic) across Cameroon towards Atlantic Ocean [13]; these
faults are presumed to cross the study area. This fractures which partially follows the
River Sanaga bed has been interpreted later by [12] and [30] using magnetotellurics data
as the Sanaga faults. These authors revealed a large area of electric anomaly near Ebebda
(close to this present study area) which was presumed to be originated by the fault system.
The presence of this electric anomaly coupled to the necessity of quantitatively
characterized the shallow subsurface motivated the choice of this area for further
investigations.

3 Data and Methodology

Two sets of data have been used in this study. The first set consists of DC electrical
soundings performed with a Schlumberger geometry AMNB on 11 sounding sites
(Figures 2 & 3) from which the measured parameter, the apparent resistivity has been
deduced. The other set consists of pedological profiles performed on two pits located at
two sites along the DC profile. These data were collected in 2010 during a field
experiment conducted by the geophysical unit of the Department of Geology.
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Figure 3: Diagram of the DC resistivity electrical profile showing the sounding points
(labelled SEi) and the position of the pits.

The interpretation of DC data is based on the inversion of the electric apparent resistivity
measured on the field. For a homogeneous isotropic earth, the Schlumberger apparent
resistivity papp, is obtained using the following relation

_ _(@-ahav
Papp =22 1 1)
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Where d is the distance from the centre of the array to the current electrodes A and B, a is
the distance from the centre of the array to the potential electrodes M and N, AV is the
potential difference between electrodes M and N and | is the electric current measured
between electrodes A and B. In reality, the subsurface is much more complicated and the
apparent resistivity is usually computed assuming that the subsurface is composed of sets
of horizontal layers with various resistivity and thickness. Therefore, the approach is to

invert the data which are represented as Papp = f(%) to find the probable distribution of

subsurface layers, AB being the current electrode spacing. The technique used for this
study is the inversion of data using least square method as developed by [31]. Therefore,
the logs from pedological pits become a complementary source of information to choose
among various possible solutions.

4 Results and Discussions
4.1 Results
4.1.1 Pedological observations from pits

Two pits F1 and F2 of depths 1.5 m and 1.7 m respectively, have been dug from which
two pedological profiles have been derived (Figure 4). From the size of grains analysis,
results of the experiment show a predominance of clays, sands and silts in both pits
(tables 1 and 2). Three layers have been identified in Pit 1 (Figure 4; Table 1). The first
and third layers are found riche in clay which composed over 60% of the composition of
the samples.

Pit 2, in contrast to the first pit has a greater depth and displays five layers (Figure 4;
Table 2). We can observe similar composition and thickness of the top layer of this pit as
in pitl, but from the second to the fourth layer (at approximately similar thickness as layer
2 in pit 1), the nature of these clay layers differs. Furthermore, the decomposed rocks
found at the bottom of both pits are enriched in mica specks in pit 2.
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Figure 4: Pedological profiles obtained from the two pits, 1 and 2
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Due to the shallow presence of the aquifer, it was not possible to go deeper. However,
observations from the pits did not provide information on the composition of the bedrock
in the area, but other studies [16] suggested it is mainly composed of schist. In the pits F2,
we found some mica traces which suggest that mica may be among minerals that
composed the substratum in this area that is a micaschist substratum. The absence of mica
in pits F1 therefore suggests a difference in composition of the substratum beneath the
pits. Due to the difficulty of making more pits between F1 and F2, we expected DC
electrical soundings to contribute in clarifying the lateral extension of the presence of this
mica.

4.1.2 DC electrical soundings

12 sounding have been performed on 11 sites. At one site, two sounding SE6 and SE12
were done, one on the main orientation of the electric line, the other at the perpendicular
direction. At each sounding operation, 12 measurements of resistivities were done while
varying AB/2 from 1 m to 50 m for soundings SE1 to SE11, and 1 to 400 m for SE12. To
interpret the observations, field data are first presented as apparent resistivity profiling,
followed by the plot of apparent resistivity pseudosection. The data are later inverted to
assess quantitatively the geological and pedological structures beneath the area under
study.

a) Profiling and pseudosections

In the profiling, the apparent resistivity is plotted against distance for each electrode
spacing AB/2 along a profile (Figure 5). For sake of clarity, the plots have been divided
into three electrode spacing groups (1-4 m, 5-20 m, 25 — 50 m). For shallower structures
that are structures sounded with AB/2 between 1 and 4 m, there are peaks of over 500 Qm
of resistivity between stations SE4 and SE7 and between SE9 and SE11. These peaks are
attenuated at mid-depth (that is AB/2 between 5 and 20 m) where resistivity drops below
350 Qm. At deepest depths, the peak is again perceived between SE7 and SE9 where it
reaches 600 Qm. The anomaly observed between SE4 and SE7 seems to have shifted at
depth between SE7 and SE9, and could indicate a shallow effect of a fault.
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Figure 5: Apparent resistivity profile showing electric anomaly zones (a, b, c)

The pseudosections are curves of isoresistivity plotted along a profile showing both lateral
and vertical variations of resistivities. In this work, the kriging algorithm is used to plot
the observations (Figure. 6). The contour lines tend to be rather parallel and vertical
between SE4 and SE9 where a lateral change in resistivity is observed with an important
gradient. The variation is smooth elsewhere, suggesting that this area is probable zone of
transition between two structures.
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Figure 6: Pseudosection obained for the profile showing possible fractures due to the
Sanaga fault.

b) 1D inverted models

Results from the 1D inversion show that four layer models fits the solutions for all the
soundings (Figure 7). The experimental sounding curves for all sounding points have
approximately a parabolic shape which indicates that structures beneath these points are
alternately conductive and resistive. The resistivities of each layer range between 20 Qm
for conductive layers and over 1000 to 2800 Qm for bedrocks. The top of the bedrock is
identified at all sounding and could be found between 11 and 25 m (Figure 8).
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Figure 8: Geoelectric section and lithologic interpretation of the subsoil at
Bombato-Balamba and her resistivity.

4.2 Discussion

Using the observations from pits and the direct observations from the pits, the geoelectric
sections and its lithologic interpretation have been made. The four layers that cover the
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survey site are from the top to the bottom:

A soft clay cover which is resistive (200 — 850 Qm) with variable thickness, interpreted as
the organo-mineral lateritic cover which is characteristic of Sudano-Guinean zones;

A thin conductive layer of sandy-clay (15 — 100 Qm) which thicknesses are generally
below 2 m;

A thick schistose substratum which is partially altered, and relatively conductive;

The schistose preserved bedrock, which can be separated into two blocks. The southern
block which contains mica minerals (micaschist) with resistivity below 1400 Qm and the
northern block which is essentially schist and characterized by layer of resistivity above
2500 Om.

The change in resistivities between SE4 and SE6 which is associated to the change in
lithology may represent the shallow response to the transition from the schist to
micaschist. Due to the fact that this area belongs to the fault system known as Sanaga
Faults, this transition could also be interpreted as the shallow effect of one of the branches
of these faults.

The water table identified in the pits may be located on average between 1 and 5 m of
depth. It is represented by the sandy-clay conductive layer which is hydrogeological
known as potential aquifer. However, the water table could also extend in the altered
substratum since it is partially conductive. This hypothesis is consistent with a previous
study in Evindissi, a region which also has a schistose substratum [32, 33]
(Manguelle-Dicoum et al., 1987; Manguelle-Dicoum, 1988).

To assess the lateral electric behaviour of the study area, the inverted models of the
soundings SE6 and SE12 have been compared, knowing that these soundings are done on
two perpendicular orientation of the electric line. There is an insignificant difference in
layer thicknesses and investigation depth for both models (Figure 9), however the change
in resistivity is significant, particularly in the altered schistose layers. The layer is much
more conductive for sounding SE6 (~ 200 Qm) while it is resistive for SE12 (~ 980 Qm)
suggesting that the orientation N110 (which the orientation line for the sounding SE6)
might be closer to the schistosity plan.

Many recent works have pointed out the existence or the extension of faults in the
studied area, although the traces of these faults are not observed on the surface [12, 13].
The region around Ebebda has been surveyed using magnetotellurics (MT) data and
results showed evidence of these tectonic features through several MT profiles [12, 30].
Therefore this DC electric investigation of the subsurface on a profile crossing one of the
fault trace suggested by [30] provides new evidence of the existence of Sanaga Faults.
This tectonic feature is marked in this study by the differential collapse on about 1 km of
the bedrock along with the resistivity contrast that highlighted the change in bedrock
composition. These observations are also confirmed in pits where at one side of the fault,
the mica has been found while it doesn’t appear at the other side.
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Figure 9: Geolectric sections and lithologic interpretation of sounding SE6 and SE12
which are conducted at the same sounding point with two different orientation of the
electric line

5 Conclusion

The altered lateritic cover of the Balamba-Bombato area has been characterized using
data from the DC electrical soundings and direct observations from pits. It is constituted
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of three distinct layers of distinct proprieties characterized by their thicknesses and
resistivities. The first layer is mainly composed of soft clay, the second is composed of
sandy clay and constitutes the main aquifer, the third is a schistose altered layer which
could also be part of the aquifer in the region. The study revealed a differential collapse of
the bedrock along the 1km profile. This collapse associated to the evidence of two
bedrock lithologies (schist and micaschist) provided clue to point out the shallow trace of
the Sanaga Faults across the profile. The lateral electric behaviour of the structure for the
soundings SE6 and SE12 brings to the conclusion that the schistosity plan may be closer
to the orientation N110.

The identified main aquifer is enriched of clay and could explain the rarefaction of
potable water in the area. In fact, the water used by the population in this area has yellow
couloured appearance due to the contact to the lateritic layer and therefore is not suitable
for direct consumption. In addition, this aquifer is relatively thin and rain dependent.
Future work should be done in order to identify possible aquifers in the fractures of the
substratum that could solve problem of durable water resource.
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