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This study was conducted in the Bahiala village in the West region of Cameroon. The aim
of this study is to show how the petrography type and density of formations influence the
resistivity of geological formations using Vertical Electrical Soundings (VES) and
laboratory analyses. Petrographic analysis was performed on two rock samples. Forty-
five VES were conducted, revealing resistivities ranging from 53.86 Q-m to 39,890 Q-m.
Density measurements were carried out on fifteen rock samples, yielding values between
2.09 and 3. The petrographic analysis shows that the area is covered by biotite granites
and trachytes with calcite geodes. The 1D inversion of the apparent resistivities shows
surface layers consisting in places of sandy-clayey materials and more or less silty
laterites. The densities of the outcropping geological formations vary between 2.090
g/cm? and 3.000 g/cm?. The low electrical resistivity domain corresponds to the high-
density domain and the domains where the geological formations are less fractured due
to the high reflection coefficient values observed. The higher densities of the geological

formations indicate the less aquifers presence.

1. INTRODUCTION

The materials of the earth's crust are characterized by their
chemical, physical and mechanical properties, all of which are
interrelated. The mineralogy of a rock, conditioned by its
chemical composition, has a significant influence on its
physical properties such as magnetic susceptibility, density,
conductivity and electrical resistivity. All these properties are
influenced by the chemical composition of the rocks. This is
due to the molar mass of the chemical elements, which
essentially constitute the minerals of the rocks, and the ability
of each ion to carry the electric current. These properties vary
for the same original material depending on factors such as
climate and topography among others.

Electrical resistivity refers to a material's inherent capacity
to resist the flow of electric current. In geophysical
investigations, this property often exhibits significant
variations, making it a key parameter for subsurface
characterization. Resistivity is largely influenced by the ionic
composition and especially by the water content of the
medium, which governs its electrolytic conductivity. Minor
variations in resistivity may also result from changes in surface
topography. According to Obiora et al. [1] and Choudhury et
al. [2], in a uniform geological medium, resistivity values tend
to drop by approximately 20 to 40% when measurements are
taken at elevated positions (such as hilltops), and increase by
about 20 to 50% in low-lying areas such as valley bottoms.

The density of a material is defined as the ratio between its
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mass per unit volume and that of water. It is determined
primarily by the chemical and mineralogical makeup of the
material. Most rocks in the Earth's crust are composed mainly
of eight major elements: oxygen (46.5%), silicon (28%),
aluminum (8%), iron (5%), calcium (3.5%), sodium (3%),
potassium (2.5%), and magnesium (2%), alongside trace
elements and rare earths.

By combining electrical resistivity measurements at various
depths with density data from surface geological formations,
it becomes possible to identify spatial trends and correlations.
These variations often reflect the underlying petrographic
characteristics of the formations.

While prior geological [1, 3, 4], hydrogeological
investigations [5] and hydrogeophysical investigations [6]
have been conducted in the Bati¢ region, the influence of
surface rock density on surface electrical resistivity remains
unexplored, which motivates the present study.

2. STUDY AREA

The study site is geographically positioned between
longitudes 10°18'55" and 10°17'00" East, and latitudes
5°18"25" and 5°1620" North, with elevations ranging from
1560 to 1720 meters above sea level. It is located in the village
of Bahiala, within the Bati¢ Subdivision in the western region
of Cameroon, encompassing a perimeter of approximately
12.7 kilometers and covering a surface area of around 9.1
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square kilometers (Figure 1).
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Figure 1. Location and geological map
Modified from a previous study [4]

From a climatic perspective, the region experiences a
temperate tropical climate. Rainfall patterns show significant
seasonal variation, with monthly averages ranging from 11
mm in December to a peak of 328 mm in September,
culminating in an annual average of about 1894 mm.
Temperature fluctuations are moderate, with monthly
averages spanning from 17.6°C in July to 20.3°C in March,
yielding an annual mean temperature close to 19°C and a
thermal amplitude of roughly 2.7°C.

Topographically, the area features diverse reliefs, including
rolling hills, steep slopes, and undulating terrain. Elevations
across the landscape vary, reaching up to 1720 meters at
Mount Metchou.

3. GEOLOGICAL SETTING

From a geological standpoint, the study area lies along the
Central African Panafrican Belt (CAPB), a megastructure
dated between 650 and 540 Ma. The study area rests on a
granito-gneissic basement. The area is characterized by a syn-
tectonic granite body, aligned with the axis of the major Batié
anticlinorium, as described by Mihret and Wuletaw [7] and
Jimoh et al. [8]. Some isolated trachytic intrusions have also
been identified in the region [9].

Petrographic observations reveal that the granite displays a
monzonitic texture with an alkaline affinity. It is distinguished
by large, reddish-pink phenocrysts, often described as
resembling “horse teeth” that may reach sizes of 7-8 cm in
length and 4-5 cm in width [7]. The groundmass is a medium
grayish matrix enriched in biotite and alkali plagioclase [9].
These granitic bodies appear as prominent, rounded hills
across the Batié and Baham areas, as well as the highlands of
Mifi.

Geochemical data, which align closely with those obtained
from the Dschang granite, indicate a composition dominated
by 70-75% SiO2, 11-15% AlLOs, 2-3% Fe20s, and between
0-1.5% MnO and MgO, along with 3.5-5.5% combined Na.O
and K-O contents [2, 4, 7, 9].

4. METHODOLOGY

This work is based on petrographic analysis, Vertical
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Electrical Soundings (VES) and density measurements.

The petrographic analysis consists of sampling the different
petrographic types observed in the study area, to make their
macroscopic and microscopic descriptions. Rock samples are
prepared as thin sections and then analyzed petrographically
using a polarizing microscope. This analysis identifies the
mineralogical composition based on texture, optical
properties, alteration, and mineral relationships, enabling the
naming and classification of the rocks by their petrographic
type.

VES were conducted using a 4Point light resistivimeter to
determine the vertical distribution of apparent resistivities.
This method involves injecting a direct current into the ground
through a pair of current electrodes and measuring the
resulting potential difference across a second pair of potential
electrodes. The survey was performed using the Schlumberger
array configuration.

As illustrated in Figure 2, the technique consists of injecting
a direct current (I) into the subsurface using two outer
electrodes (A and B), while the potential difference (AV) is
recorded between two inner electrodes (M and N). During the
survey, the spacing between the current electrodes is gradually
increased to investigate deeper layers, and the spacing of the
potential electrodes is also adjusted accordingly to maintain
measurement sensitivity [7, 9, 10-14].

D=

(1)

p= kﬂ,wherek =
I NM
where,
AV = measured potential difference;
I = injected current intensity.
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Figure 2. Schlumberger quadruple device

The rock samples taken from the various outcrops in slab or
ball rock were weighed using a sensitive electronic balance
and quantified using a volumetric device. The mass and
volume of the samples made it possible to obtain the specific
density by the ratio mass to volume (2) (g/ml); then the
different densities were obtained by dividing the specific
density of each sample by the density of water (3).

m

Ps = V 2
Ps

d==
Pw ®

where, m: the mass of the sample; V : the volume of the
sample; O, : the density of water, and d: the density. Rock

samples are taken from the outcrops along with their
coordinates, and then these samples are cut to have measurable
volumes (Figure 3(a) and 3(b)). Subsequently, using a
volumetric device and a sensitive balance (Figure 3(c)), the
volume (ml) and mass (g) are measured, respectively. This



measurement was carried out in fifteen stations distributed
over the sampling map, as shown in Figure 3.

Figure 3. Rock density measurement. a) Granite samples; b)
Volcanic rock sample; c) Measuring operation

A total of 45 VES points were acquired and spatially
distributed as indicated on the sampling map (Figure 4). The
apparent resistivity values recorded at an electrode spacing of
AB/2 = 1.5 m were used to construct an isoresistivity contour
map, following approaches similar to those described by
Stephane et al. [6] and Choudhury et al. [2].

The dataset was subjected to 1D inversion using the Jointem
software, enabling the estimation of true resistivity values and
corresponding layer thicknesses. Interpretation of the resulting
1D resistivity models facilitates the delineation of potential
aquifer horizons and their electrical characteristics.

These resistivity values were subsequently used to compute
the reflection coefficient (1), a parameter indicative of the
degree of fracturing or porosity contrast between geological
layers, particularly between the aquifer and the overlying
formation, as proposed by Oladunjoye et al. [14].

Pn — p(n—l)

c= 4
Pn"‘P(n—l) @

where, p,, is the resistivity of the aquifer layer and P(n-1) is
the resistivity of the layer directly above the aquifer.

The sampling map (Figure 4) covers a perimeter of about
12.7 km, an area of about 9.1 km?, and has forty-five VES
stations, fifteen density points and two rock sampling points.

10°18'0"E

|
Tashowssl Min
“ﬂlll;l /¢ M_-’é ;‘;
| S
\ s %)
— UL <83 / —
180N % ;
2 % 1
%
2 Nde
Nkam_ Nkany
Legend
W Villages
® VES
®  Density stations
Water shead
vy Trachyte
S16'30"N {717 Biotite granite

Figure 4. Sampling map

Maps of apparent isoresistivity (AB/2 = 1.5), density, and
reflection coefficient were produced by ordinary kriging with
the ArcGIS 10.4 software.

5. RESULTS AND DISCUSSIONS
5.1 Petrographic analyses

Petrographic analysis of the plutonic formations (Figure
5(a) and 5(b)) reveals a mineral assemblage that includes
biotite (Figures 5(e) and 5(g)), green hornblende (Figure 5(g)),
plagioclase (Figure 5(d)), quartz (Figures 5(d) and 5(h)),
potassium feldspath (Figures 5(d), 5(g), and 5(h)), sphene
(Figure 5(e)), apatite, and opaque minerals (Figures 5(e) and
5(g)). These rocks correspond to biotite-rich granites with a
porphyroid and granular texture. Such characteristics are
consistent with earlier findings [4, 7-9].

Field investigations also identified volcanic rocks in the
northern part of the study area, particularly near Nzan (Figure
5(c)), a feature not documented on the existing geological
maps adapted from a previous study [3]. These volcanic
outcrops were observed at coordinates E 10°17'29" / N
5°18'19.7" at an elevation of 1636 meters, and E 10°17'31.6" /
N 5°18"23.6" at 1626 meters. The rocks are characterized by
the presence of geodes, a diagnostic feature previously
reported by Ibagbo et al. [15] in volcanic terrains of western
Cameroon.

Microscopic examination of the volcanic rock samples
indicates a sub-trachytic texture and the presence of key
mineral phases, including plagioclase (Figures 5(f) and 5(i)),
sanidine microlites (Figure 5(f)), opaque minerals, and a
vitreous groundmass.

Figure 5. Geological formations of the study area. a) Granite
outcrop; b) Granite boulder; ¢) Block of volcanic rock; d)
Zone of k-feldspath, quartz and plagioclase; ) Zone of
Biotite and sphene; f) Zone of k-feldspath, plagioclase and
opaque minerals; g) Zone of opaque minerals, hornblende,
biotite, and k-feldspar; h) Zone of quartz and k-feldspar; 1)
Zone of plagioclase and sanidine

5.2 Geoelectrics analysis

The interpretation of VES data led to the classification of
the results into seven distinct geoelectrical anomaly types: H,
K, Q, HK, KH, HKH, and KHK. These types exhibit apparent
resistivity values ranging from 53.86 Q-m to 39.890 Q-m. The
anomalies were examined in light of petrographic



characteristics, weathering profiles, and topographic positions
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e Type HK consists of a moderately conductive topsoil,
an intermediate conductive gravel zone, and a deeper
conductive clay-sand unit that often reaches the
weathered bedrock (Figure 6(d)).

e Type KH features a central gravelly resistive layer
flanked by conductive horizons, indicating weathered
and saturated materials at depth (Figure 6(¢)).

e Type HKH presents a gravel-rich resistive layer
sandwiched between a conductive silt-sand surface
layer and a deeper conductive clay-sand horizon above
a semi-weathered base (Figure 6(f)).

e Type KHK begins with a weakly conductive topsoil,
followed by conductive gravel and clay-sand layers,
underlain by a fractured and increasingly resistive
basement (Figure 6(g)).

The variability observed among these curve types is
primarily attributed to the heterogeneous nature of surficial
and subsurface materials, as well as the degree of moisture
content. These materials range from coarse laterites to
cultivable silty and clayey-sandy soils, consistent with the
findings of these studies [6, 14], which noted the structural
complexity of surface layers in VES interpretations.
Additionally, the morphological setting marked by steep,
sloping, and undulating terrains further influences curve
geometry, as highlighted by Oladunjoye et al. [14].

In general, the H, KH, and HKH types are associated with
surface clayey-sandy horizons and granite outcrops (balls or
slabs) that show limited weathering. In contrast, the HK, K,
and Q types often correspond to incomplete borehole
penetration profiles, where resistivity signatures indicative of
fresh bedrock are absent. These anomalies suggest thicker
weathered mantles and the absence of competent surface
outcrops, consistent with the presence of coarse laterites and
highly fractured deeper zones [9].

5.3 Rocks density

The measured density values of the rock samples range
from 2.090 to 3.000 g/cm?, based on 4 to 6 samples collected
from each outcrop, following the protocol described in the
methodology section. These values are summarized in Table
1.

Table 1. Densities values

Average Densities

Stations 3 Observations
(g/em?)

D1 2.520 Weathered granite
D2 2.090 Weathered granite
D3 2.200 Weathered granite
D4 2.270 Weathered granite
D5 2.580 Weathered granite
D6 2.570 Weathered granite
D7 2.440 Weathered granite
D8 2.600 Weathered granite
D9 2.570 Weathered granite
D10 2.420 Weathered granite
D11 2.310 Weathered granite
D12 2.310 Weathered granite
D13 2.550 Weathered granite
D14 2.530 Weathered granite
D15 3.000 Healthy trachyte

The spatial distribution of both surface resistivity values
(measured at AB/2 = 1.5 m) and density data reveals notable
correlations across specific zones of the study area,
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particularly in regions labeled A, B, C, D, and E (Figures 7(a)
and 7(b)). Areas A and B demonstrate that zones with higher
rock densities tend to exhibit lower surface resistivities,
suggesting the presence of compact, unweathered rock with
limited alteration. In contrast, zone D exhibits the opposite
trend, where lower densities correspond to elevated resistivity
values. Zones C and E display intermediate characteristics,
with moderate values for both parameters.
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Zones characterized by high densities and low surface
resistivities are associated with visible rock outcrops and a
lack of lateritic cover, indicating that weathering processes
have not significantly altered the bedrock, which retains much
of its original geochemical composition.

Using the resistivity values associated with potential aquifer
zones at each VES station, the reflection coefficient (Rc) was



calculated. The Rc values in the study area range from -0.977
to 0.966. The highest Rc values (from 0.966 to -0.184) are
concentrated in the northeastern and southwestern regions,
while lower Rc values are mainly observed in the central,
southeastern, and southern parts of the study area (Figure 8).

In this context, higher Rc values indicate less fractured
bedrock, while lower Rc values reflect more intensely
fractured geological media. These observations align partially
with those of Oladunjoye et al. [14], who reported Rc values
ranging between -0.7514 and 0.9200 in southeastern Nigeria,
and Obiora et al. [1], who found Rc values between 0.4 and
0.8 in crystalline rocks such as granite, quartzite, gneiss, and
migmatitic gneiss in Oyo State, southwestern Nigeria. The
latter authors considered Rc values below 0.4 as indicative of
highly fractured aquifers. Additionally, aquifers with
thicknesses exceeding 25 m and Rc values below 0.75 are
considered hydrogeologically favorable.

The degree of fracturing, which directly affects the storage
capacity of hard rock aquifers, plays a central role in
groundwater potential. As previously emphasized by Jimoh et
al. [8], rocks with low porosity and minimal fracturing are
referred to as “dry rocks”, due to their limited capacity to retain
water.

Regions A, B, and D (see Figure 8) correspond to zones with
low aquifer fracturing potential. Areas A and B are
characterized by high-density materials and low surface
resistivity, while zone D shows the inverse pattern. The
presence of lateritic soils in zone D points to advanced
weathering, resulting in the leaching of alkali elements (and in
some cases, silica) and the concentration of residual iron and
aluminum, forming lateritic profiles. The loss of specific
chemical constituents during weathering leads to a decrease in
rock compactness, thereby reducing its bulk density.

The interpretation of geophysical data reveals distinct
hydrogeological settings. Zones A and B, featuring relatively
unaltered surface rocks (trachyte and granite) with high Rc and
densities, indicate a shallow aquifer with rapid infiltration,
possibly linked to sandy-clay lithologies. Zones C and E,
moderately weathered and partially saturated, act as reservoirs
and storage areas for porous aquifers, characterized by slow
and gradual infiltration. Although distinct, zones A, B, and C
contribute to aquifer recharge. Finally, zone D, located on
lateritic soils (low density, high resistivity), potentially feeds
deeper aquifers. These parameters, along with the aquifer
types allows the characterisation of the fracture aquifers,
porous aquifers and recharge zones.

6. CONCLUSION

Petrographic analyses indicate that the study area is
predominantly composed of two main lithologies: biotite
granite and trachyte, with biotite granite being the most
spatially widespread. The interpretation of the inverted
geoelectrical data reveals a variety of curve types, namely H,
K, Q, HK, KH, HKH, and KHK, each associated with distinct
geological structures that align well with field-based
observations.

The measured rock densities range from 2.090 to 2.600
g/cm?, with higher density values primarily concentrated in
zones A and B, while lower densities are more prevalent in
zone D of the same figure.

The Rc distribution highlights that aquifers in zones A, B,
and D exhibit lower levels of fracturing, which implies more
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compact geological formations in these regions. When
analyzing the spatial patterns of surface resistivity, rock
density, and reflection coefficient, a strong correlation
emerges: areas with higher rock densities tend to have lower
resistivity values near the surface, and vice versa. This
relationship is particularly evident in zones A, B, C, D, and E.

These surface observations are significant because they
reflect subsurface fracturing trends. Specifically, zones A and
B, which show elevated surface densities and reduced surface
resistivities, are also associated with less fractured aquifer
systems at depth, as inferred from the Rc values. This suggests
that denser surface rocks are indicative of less altered and
more cohesive subsurface materials, with lower permeability
due to limited fracturing. For future work in this area, the
application of supplementary geophysical techniques seismic
surveying, for instance, would likely lead to a more
constrained understanding of subsurface structure and the
nature of aquifer properties.
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NOMENCLATURE

AB

distance between the current electrodes, m

MN distance between the measuring electrodes,
m

d density

Re Reflection coefficient

Greek symbols

o resistivity of the aquifer layer
n

Pt resistivity of the layer directly above the
" aquifer

Ps specific density

Pe density of water

AV measured potential difference
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