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This geothermal source prospecting work is carried out in order to respond to the energy deficit affecting the populations of South
Cameroon in particular. The study combines audio-magnetotelluric (AMT) and Landsat 8 data for the geolocation of reservoirs,
as well as the geological and tectonic information. The processing of these data defined 5 profiles and led to two-dimensional
models of resistivity sections for each profile. The interpretation of the data identified a highly conductive zone with a
resistivity ranged 1–10Ω·m at an estimated depth of 1200m in the locality of Menve’ele. The Landsat 8 data collected in this
area during the same period enabled the elaboration of temperature and lineament anomaly maps of the study area. High-
temperature areas with high lineament predominance correlate better with areas of low resistivity. For example, Menve’ele
(A1) has a surface temperature range of 20°C–30°C and a high density of lineaments. By correlating these results with those
provided by previous authors, the Menve’ele locality may be the target of a potential geothermal reservoir. A 3D resistivity
model is built to better understand the variations of resistivity and their depths. The geological and tectonic information of the
region confirm the tectonic origin of the faults and lineaments as well as the predominance of metamorphic and sedimentary
formations.

1. Introduction

Surface hydrothermal events are often the first indications of
the possible presence of high-enthalpy geothermal energy res-
ervoirs, and it is usually necessary to refer to geoscience to
confirm their existence, characteristics, and location at depth.
The information provided by geology, geochemistry, geophys-
ics, and remote sensing complement each other and can con-
tribute to the development of a field conceptual model that
will be used to design an exploration drilling program and as
a basis for a field prefeasibility study. Each of these methods
evolves and benefits from theoretical advances, advances in

computer science, andmeasurement techniques, but also from
feedback, i.e., the successful application of one ormore specific
methods in well-defined contexts [1]. The study area is located
in Southern Cameroon between parallels 2°20′N-3°20′N of
North Latitude and meridians 9.8°E-10.8°E of East Longitude
and covers an area of about 111 km2 (Figure 1). In recent
decades, it has shown slight earthquake tremors and active
extensional tectonics, which has led to an interest in seismic
studies. These volcanic areas are a good indicator of the pres-
ence of a geothermal reservoir [2, 3]. Based on seismic data
obtained between February 1987 and May 1989 along the vol-
canic line of Cameroon in its Southwestern continental part,
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[4] justifies that earthquakes in the vicinity of Kribi have focal
depths down to 30km and more.

These events could be more or less associated to the
presence of the Kribi-Campo fault line. In the same order
of idea, the study of [5], based on the same data, suggests
a South-South West (SSW) extension of the geophysical
limit of the Congo craton in the direction of Kribi; the
seismicity of the region could originate from this contact
between the craton and the Pan-African fault line. After
the July 2020 magnitude 3.6 earthquake that occurred in
Kribi, [6] analyzed the seismicity of this locality and sug-
gested that there is tectonic activity related to the fault sys-
tems known as the Kribi-Campo fault, which is an
extension of the Sanaga fault [7]. To estimate the average
depth of the Moho on the cardboard at 45 km and under
the Kribi-Campo domain at 28 km, [8] performs a joint
inversion of Rayleigh group velocities and receiver func-
tions by analyzing seismic data from a temporary network
installed in Cameroon between 2005 and 2007. In addition
to these indicators, the strong predominance of faults and
lineaments is conducive to the development of geothermal
sites [9]. The vast network of faults identified in the South
Cameroon region through the geological map (Figure 2) of
[10] and highlighted by [11] with the directions (N-S, E-
W, SW-NE, and SSW-NNE) constitutes a major asset in
the prospecting of geothermal sources. According to [12],
areas of low resistive anomalies or high conductivity are
favorable for the circulation of hydrothermal fluids. [13]
proposes a 3D resistivity distribution model in the Gisenyi

geothermal field in Rwanda from 69 magnetotelluric (MT)
stations and show a conductive region with resistivity less
than 10Ω·m at great depth.

This conductive body reveals to the author the heat
source of the Gisenyi system. A 2D inversion of the MT data
in the Al-Mubazzarah geothermal area, Al-Ain, United Arab
Emirates by [14] shows a conductive zone (10–30Ω) located
at a depth of 4 km that is believed to be the source of the hot
groundwater. This previous work is necessary and provides a
compass for future work. Despite these scientific advances in
few regions [15–19], Cameroon in general and its southern
part in particular faced peremptory energy deficit. In order
to contribute a solution to this problem while preserving
the environment, a correlative study based on the analysis
of audio-magnetotelluric (AMT) and Landsat 8 satellite
data measured with good spatial resolution (10m to 5m)
is necessary to have more accurate and reliable informa-
tion in the identification of potential geothermal sites.
For this purpose, pseudomean resistivity cross-section
curves are plotted on well-defined profiles as well as a
3D resistivity field model to observe their variation at shal-
low and deep depths.

2. Geological and Tectonic setting

2.1. Geological Settings. The study area comprises two major
geological units: the Congo craton, which occupies most of
the area; and a smaller part of the Campo sedimentary basin
in the Pan-African belt. The major part located in the
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Figure 1: Location map of the study area.
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cratonic zone includes the Ntem and Lower Nyong units.
The Ntem group includes geological formations such as
gneiss, Archean granitoids, granites, and granodiorites as
well as the greenstone belt located in the eastern sector of
the study area. The Nyong unit consists of the gneiss located
in the western sector (Figure 2). From a geodynamic point of
view, the particularities of the Pan-African belt were high-
lighted in the work of [20, 21]. According to their works,
the Pan-African range in Cameroon includes a multitude
of granitoids. These granitoids are mostly orthogneissified
and are mainly represented by granites, leucogranites,
granodiorites, syenites, gabbros, diorites, charnockites, mon-
zonites, micaschist, granitic gneiss, quartzites of metamor-
phic origin, and conglomerates (sedimentary) belonging to
the Yaoundé Group.

The distribution of temperature with depth (geotherm)
in the continents is determined by the conductive heat
transfer. In granitic terranes, just like the study area, high
surface heat flow are predominant according to the basin

analysis by [22], while in basic and/or ultrabasic igneous
rock terranes low surface heat flow is predominant. The
heat flow can be over the scale in area of volcanic rift
zones, i.e., East African Rift basin and Borno (Chad)
Basin.

2.2. Tectonic Settings. The tectonics of the western part are
mainly dominated by large overlaps and numerous major
faults, in particular, the large overlap of the Congo craton
by the Yaoundé Group [23, 24]. The seismicity of this region
is thought to be due to the overlap between the Congo
craton and the Pan-African belt [5]. In the basement, faults
remain more difficult to identify either due to lack of suffi-
cient outcrop or because of juxtaposition of rocks of similar
features [23]. However, highly mylonitized zones and orien-
tation of water courses often underline the existence of these
faults at depth [25].
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3. Methodology and Data

3.1. Methodology. Two methods were combined to prospect
for geothermal sources by making a spatial correlation
between the results provided by each of them. These
methods are briefly described as follows.

3.1.1. Magnetotelluric Method. It consists of measuring the
two horizontal components of the electric or telluric field
(EX and EY ) and the two horizontal components of the
natural magnetic field (HX and HY ) at the ground surface.
After applying the Fourier transform, we obtain for each
direction x and y, an apparent resistivity sounding, ρa, as
a function of the period T , according to [27]

ρai, j Tð Þ ≈ 0, 2T
Ei Tð Þ
Hj Tð Þ

 !2

; ; ð1Þ

where Ei is expressed in mV/km, in nanoTesla and i,
j = xy or yx, ρa in Ω·m, T in s, and are the Fourier spectra
of the T components. The penetration depth of the
method can be evaluated by the skin depth P which is a
function of T and the electrical resistivity of the soil which
is given by [27]

P =
1
2π

ffiffiffiffiffiffiffiffiffiffiffi
10ρT

p
≈ 0, 5

ffiffiffiffiffiffi
ρT

p
; ; ð2Þ

where P is given in km, ρa in (Ω.m), and T in (s).
The complete processing of magnetotelluric data con-

sists in calculating the impedance tensor (Z), which corre-
lates for a given frequency ω the E and H fields [1].
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Figure 3: Landsat 8 data processing algorithm.

4 International Journal of Geophysics



In this case, the apparent resistivity is calculated in trans-
versal electric (TE) and transversal magnetic (TM) mode,
respectively, as follows:

ρxy = ρ∥ = 0:2 2π
ω

Zxy �ωð Þ2 = 0:2T Z∥
�� ��2,

ρyx = ρ⊥ = 0:2
2π
ω

Zyx �ωð Þ2 = 0:2T Z⊥j j2,
ð4Þ

Z∥ = Zxy is the impedance measured in the structural
direction or TE mode.

Z⊥ = Zyx is the impedance measured in the direction
perpendicular to the structure or TM mode, where Z∥ = Ex/
Hy and Z⊥ = Ey/Hx .

The Z tensor contains all the information necessary for
one-, two-, or three-dimensional interpretations of the depth
distribution of electrical resistivity.

3.1.2. Thermal Method. Thermal methods include the direct
measurements of temperature and/or heat and thus correlate
better with the properties of the geothermal system than
other methods. However, as a (near-) surface method, they
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are limited to shallow levels. To measure temperatures close
to the surface, in the uppermost meter or so, is fairly simple.
Knowledge about status at deeper levels is based on the exis-
tence of wells, usually shallow gradient wells (e.g., 30–100m
deep), from which the thermal gradient can be calculated
and possibly the depth to the exploitable geothermal
resource. Drilling is though usually fairly expensive and
puts practical limits to the use of the method. Further-
more, shallow wells are not always adequate to get reliable
values on the thermal gradient. The heat exchange mech-
anism in the earth is important for interpretation of ther-
mal methods. A distinction is made between conduction,
which is based on atomic vibrations and is important for
transfer of heat in the earth’s crust; convection, which
transfers heat by motion of mass, e.g., natural circulation
of hot water; and radiation, which does not influence geo-

thermal systems. The simplified geothermal relationship
(5) for thermal conduction is (conductive heat transfer
only)

Qcond−z = −
kΔT
Δz

: ð5Þ

The parameter k, the thermal conductivity (W/m°C), is
a material constant, which ranges between 1 and 5W/m°C,
with the low values usually associated with sedimentary
formations and the higher for crystalline rocks. The ther-
mal gradient, ΔT/ΔZ, gives information on the increase
of temperature with depth, and its distribution can be
important information for understanding and delineation
of the geothermal resource, both on a regional scale and
local scale. If the conductive heat transfer, Q, is 80-
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100mW/m2 or higher, it may indicate geothermal condi-
tions in the subsurface. For convection, a distinction is
made between free convection, which is driven by density
gradients in the fluid (due to a difference in temperature),
and thus, the heat is transferred, while forced convection
is driven by an external pressure gradient, such as hydro-
static head. Convection is a much more powerful way of
transmitting heat but relies on the permeability of the
rocks. High-temperature geothermal systems are based on
the free convection of the geothermal fluids, while geo-
thermal systems in sedimentary basins are based on con-
ductive heat flow. However, geothermal systems are often
of a mixed type. Despite their limitations and their depen-
dence on information from wells, thermal methods are
important in geothermal exploration [28].

3.1.3. Landsat 8 Data Processing Methodology. The first step
in obtaining the Earth’s surface temperature from satellite
images is to convert the numerical numbers (DN) into
values of spectral radiance in the upper atmosphere using
[29]

Lλ =ML ∗Qcal + AL −Oi, ð6Þ

where Lλ is TOA spectral radiance (Watts/(m2 ∗ sr ∗ μm
)), ML is the radiance multiplicative band (N°.), AL is the
radiance add band (N°.),Qcal is the quantized and calibrated
standard product pixel values (DN), and Oi is the correction
value for band 10. The second step is to convert top atmo-
sphere (TOA) brightness temperature (BT) by the relation

(7): Spectral radiance data can be converted to top of atmo-
sphere brightness temperature using the thermal constant
values in meta data file [30].

BT =
K2

ln K1/ Lλ + 1ð Þð Þ − 273, 15; ; ð7Þ

where BT is the top atmosphere brightness temperature
(°C), K1 is the constant band (N°.), and K2 is the constant
band (N°.). The third step normalized difference vegetation
index (NDVI) [31]. Before calculating the NDVI using
Equation (8), the red and near-infrared bands must be cor-
rected for atmospheric effects: Atmospheric effects correct
the bands in the visible and near-infrared spectrum. This
correction is implemented due to absorption and dispersion
processes, the existence of water vapor, gases, and molecules
in the atmosphere that affect the amount of radiation
received by the sensor. These atmospheric effects are
removed in order to obtain a spectral reflection image whose
values reflect real physical quantities of the surface.

The red (RED) and near-infrared (NIR) bands have been
corrected for atmospheric:

NDVI = NIR‐RED
NIR + RED

; ; ð8Þ

where RED is the DN values from the red band, and NIR
is the DN values from the near-infrared band.

The method is called NDVI; it considers three different
surface classes, depending on the NDVI values: (a) bare soil
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(NDVI < 0:2), (b) mixed surface (0:2 ≥NDVI ≤ 0:5), and (c)
surface entirely covered with vegetation (NDVI ≥ 0:87) [31].
In step four, land surface emissivity (LSE) is calculated. Sur-
face emissivity values are determined using the approach of
[31], which consists in determining the emissivity for each
pixel based on the proportion of PV vegetation (9), obtained
from the normalized differential normalized vegetation
index (NDVI) values.

PV = NDVI‐NDVImin
NDVImax‐NDVImin

� �2
; ; ð9Þ

where PV is the proportion of vegetation, NDVI is the
DN values from the NDVI image, NDVImin is the minimum
DN values from the NDVI image, and NDVImax is the max-
imun DN values from the NDVI image.

Land surface emissivity (E) is calculated by the relation
[31]

E = 0:004 ∗ PV + 0:986; ; ð10Þ

where 0.986 corresponds to a correction value of the
equation. Step 5 consists of calculatingthe land surface tem-
perature (LST). The land surface temperature is the radiative
temperature which is calculated using TOP of atmosphere
brightness temperature, wavelength of emitted radiance,
and land surface emissivity. It is calculated by the relation
[32]

LST =
BT

1 + λ ∗ BTð Þ/C2ð Þ ∗ ln Eð Þ½ � ; ; ð11Þ

where λ is the wavelength of emitted radiance, C2 = hc/s;
h is Planck’s constant, s is the Boltzman constant, and c is
the velocity of light.

The steps involved in the complete processing of Landsat
data are summarized according to the algorithm proposed
by [33] and given in Figure 3.

3.2. Data Acquisition. The data used in this research work
come from field campaigns and satellite images.

Surface temperature data from Landsat 8 satellite images
are collected over a period of ninety days, and audio-
magnetotelluric (AMT) data analyzed for subsurface imag-
ery are collected by the Geoexploration Laboratory of the
University of Yaounde 1.

3.2.1. AMT Data. The AMT data analyzed for subsurface
imagery were acquired during the geophysical data collec-
tion campaign organized by the Geophysics and Geoex-
ploration Laboratory of the University of Yaounde 1 in
March 2015 in South Cameroon. It covers an area of
111 km2 on 23 stations regularly spaced with an average step
of 4 km (Figure 4). These resistivity values were collected
using a scalar resistivimeter type ECA 540 manufactured at
the Geophysical Research Centre of Garchy (France). The
stations were chosen so as to be far from any source that
could provide a background noise. The resistivimeter uses
a frequency ranging from 4.1 to 2300Hz. The quality or reli-
ability of the data is obtained by suppressing the background
noise by performing an average of 3 or more measurements
at each station for a given frequency. This eliminates a good
proportion of errors in data collection.

In order to have more information on the underground
geological structures that can influence resistivity values, it
is essential to multiply the study profiles until a data grid is
obtained. Therefore, we have defined 5 study profiles on
Figure 4: profile P1 is 20 km long with 7 irregularly spaced
stations (S10, S9, S8, S5, S4, S3, and S2), profile P2 is
55 km long with 4 stations (S6, S10, S11, and S12), profile
P3 is about 70 km long with 5 stations (S11, S14, S19, S20,
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and S21), profile P4 consisting of 7 stations (S12, S13, S17,
S15, S21, S22, and S23) with a length of about 80 km, and
profile P5 with a length of 80 km and consisting of 5 stations
(S9, S14, S16, S18, and S21).

3.3. Landsat 8 Data. The surface temperature data used in
this work are extracted from Landsat 8 satellite images.
Given the climatic conditions of the study area and its fairly
large vegetation cover, the data were selected during the
period from January 1st to April 1st, 2015. This is to reduce
the influence of clouds in order to have more precision on
the data and also for reasons of consistency with the AMT
data collection period. Landsat 8 imagery contains 11 spec-
tral bands. The physical basis for LST (land surface temper-
ature) recovery is the black body radiation and the Planck
function which is used to calculate the radiation emitted by
the black body. The earth can be modelled as a black body
at a given low temperature (−18°C). The inverse of the
Planck function consists in deriving the luminosity temper-
ature of an object. The sensor acquires the radiation infor-
mation and stores it in (DN) between 0 and 255. Thus, the
surface temperature can be retrieved by converting the
values in the (DN) format into degrees Kelvin or Celsius.
The PCI geomatics software and ArcGIS 10.1 were used
for a complete the data analysis.

4. Results and Discussion

4.1. 2D Resistivity Section of Profiles. The pseudosection
shows the resistivity variations along a vertical section. It
allows to highlight the areas of lateral discontinuities [34]
which appear with a strong horizontal resistivity gradient
and therefore contrast with tabular areas where the isoresis-
tivity lines are horizontal. This is obtained by plotting inter-
station distances on the x-axis and the logarithms of
frequencies or pseudodepths on the y-axis. Finally, the isore-
sistivities are plotted; the corresponding resistivity can be
plotted on each curve. The pseudosections are therefore lines

of isoresistivities drawn along a given measurement profile
and covering a frequency range.

The potential zones for geothermal exploitation are
between 1Ω·m and 55Ω·m and are fed at depth by volcanic
rocks [2]. The geothermal system can therefore be brought
to the surface by convection or conduction.

4.1.1. Profile P1. Figure 5 shows the 2D resistivity section of
the P1 profile-oriented NE-SW. A high resistivity value is
observed in the locality of Lolabé (S2) and the Kribi Deep
Water Port (S3). This shows that this structure stands on
the stable resistant socle. On the other hand, it can also be
observed at a depth of about 1.5 km (C2), a decrease in resis-
tivity values (<300Ω·m) pointing here a terrain that may be
altered and favorable to fluid circulation [1, 35]. It can be
geometrically justified as the extension of the Kribi fault F2
at depth (Figure 4).

4.1.2. Profile P2. Figure 6 shows the P2 profile which is N-S
oriented and extends from Bongahele (S6) to Mvass (S12)
over a length of 55 km. We generally observe a decrease in
resistivity values (<500Ω·m) for surface formations C4 and
C5: This may be due to sedimentary deposits consisting of
the less resistant rocks that abound in the Kribi-Campo sed-
imentary subbasin. A deep formation is observed at C3, less
resistant, and located in a very resistant surrounding. This
zone could represent the roof of the sedimentary formations
[15]. The range of variation in resistivity values of this C3
anomaly suggests the presence of a highly viscous fluid clus-
ter that could probably be a hydrocarbon reservoir. The
resistivity values observed in block C3 (200–400Ω·m) are
higher than the range of 1–55Ω·m acceptable to justify the
presence of a geothermal reservoir on volcanic soil [2, 35].

4.1.3. Profile P3. Figure 7 shows the P2 profile in West to
East orientation. A considerable increase in resistivity values
was observed as we move from high to low frequencies. All
the stations lie nearly subsurface on a less resistant substra-
tum varying from 300 to 500Ω·m (C6 and C7) and in depth
on the very resistant base. This result interpreted as the
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transition of the Pan-African belt to the cratonic zone. The
drop in resistivity values observed in C6 and C7 could repre-
sent a superficial sign of an outcrop of sediments.

4.1.4. Profile P4. Figure 8 shows the W-E-oriented 2D resis-
tivity section of the profile P4, a low subsurface between sta-
tions S15 and S21. This increase with depth in the localities
of Alen, Ma’an, and Bitoto (S21, S22, and S23). On the other
hand, the opposite phenomenon is shown up in the vicinity
of Menve’ele; this locality lies on a fairly resistant soil near
the surface and on a strongly altered ground at depth. The

low observed in C1 materializes a deep and highly conduc-
tive zone (<15Ω·m) that could represent the roof of a source
of warm saline fluid [36]. The C1 zone could represent a
geothermal reservoir located at 1300m depth. The Ntem
river would be fed at depth by this more or less hot source
through the F2 fault-oriented NE-SW. Between stations
S15 and S21, there is a very resistive anomaly bringing out
the presence of a very resistant intrusive body on the surface.

4.1.5. Profile P5. The 2D resistivity section of the P5 profile
shown in Figure 9 is NW-SE oriented. A general observation
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shows three main areas of low resistivity (150–1000Ω·m).
The surface zones C8 and C9 located in the localities of Alen,
Menve’ele tribune, Ebodje, and the deep zone C10. The sur-
face zones C8 and C9 could reflect some outcrops of muddy
pools or sediment deposit. The deep C10 zone at depth sig-
nifies an accumulation of sediments in the form of mud and
prompts a search for economic interests.

4.1.6. 3D Resistivity Model of the Resistivity Field and Depth
of Structures. In order to have a good view of the resistivity
variations in the study area, a 3D model of the resistivity
field was produced (Figure 10) as well as the associated
depth map (Figure 11). In the Kribi locality, a peak (P1) of
resistivity of approximately 106Ω·m is observed at a depth
of about 500 km. This justifies the stability of the bedrock
and the construction of some structures such as the deep-
water port of Kribi. Low resistivity values (<15Ω·m) are vis-
ible in the P2 zone at estimated depths of 5 km. This deep
conductive zone highlighted on the P4 resistivity profile
could indicate a heat source, which findings are in agree-
ment with the works of [13, 37].

4.2. Land Surface Temperature Anomalies. Figure 12 shows
the land surface temperature (LST) map for the study area
obtained with ArcGis software. The range of surface temper-
ature values is between 15 and 30°C. Taking into account the
greenhouse effect, the average temperature at the earth’s sur-
face is 15°C. This value is considered the reference tempera-
ture (the range of 1–55Ω·m is the range to justify the
presence of a geothermal source [2]). The temperature
anomaly is defined as the difference between the tempera-
ture at a given point and the reference temperature. The

observation of this map enables to categorize the LST values
in three large ranges: from 15°C to 18°C, from 19°C to 21°C,
and from 22°C to 30°C. According to the work of [12], the
geothermal temperature anomalies are between 19.35° and
37.00°C. The A1, A2, A3, and A4 zones can therefore be
identified as geothermal anomaly zones. Satellite thermal
anomalies reflect excess heat from the interior of the earth
[9]. Despite the hypothesis that these zones could be the site
of interaction between solar radiation and the heat from the
interior of the Earth, this observation can reflect the perma-
nent contact between the Congo craton and the Pan-African
belt which causes friction and releases internal heat. Under-
standing the surface energy balance and underground heat
transfer facilitates the detection of geothermal regions [9].
In geothermally active areas, the surface temperatures
obtained come from solar heating i.e., from the earth’s inte-
rior. This observed positive temperature anomaly could
result in surface or deep-water heating [12]. Zones A1, A2,
A3, and A4 are favorable and indicative for the identification
of geothermal sources.

4.3. Structure Lineament Map. Figure 13 shows the map of
minor lineaments obtained using PCI geomatica 12 soft-
ware. On this map, areas with high lineament densities in
the localities of Ma’an and Nyabessang (L2, L3, and L4)
moderately densified areas such as around Kribi and Nyete
(L1) and nondensified areas. These lineaments are mainly
oriented E-W towards the Atlantic Ocean and hydrographi-
cally materialize the direction of water flow. The long thread
of lineaments observed in L2 draws the bed of the Ntem
river which flows towards the sea. One of the clues indicat-
ing the presence of a geothermal field is the frequency of
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lineament structures [12]. Thus, the dense structure of line-
aments observed in the localities of Ma’an and Nyabessang
(L3 and L4) could hide the presence of a potential geother-
mal zone.

4.4. Spatial Correlation between LSF Anomalies and
Lineaments. Figure 14 shows a comparative map of the ther-
mal anomaly zones in (a) and the lineament map in (b). The
temperature anomaly zones correlate with fault development
[9]. Observation of the two maps shows that the spatial cor-
relation between temperature and lineament anomalies for
zones B1 and B2 is much stronger. This is consistent with
the works of [9]. This may be due to the fact that the shallow
sediment deposition zone has a better heat transfer
efficiency.

4.5. Spatial Correlation between LST Anomalies and
Resistivity Values. The geothermal regions have a tempera-
ture anomaly ranging from 19.35 to 37.00°C and low resis-
tivity values below 7Ω·m [12]. Comparing the 2D
resistivity section of profile 4 in Figure 15(b) to the LST
values in Figure 15(a), the low resistivity zones S15, S21,
S22, and S23 generally coincide at high temperatures
(22°C–30°C). Indeed, underground resistivity is affected by
the combined effects of temperature, pressure, mineral com-
position, and geological structures [38]. Generally, an
increase in temperature and in the proportion of highly con-
ductive minerals in the rock will lead to a decrease in resis-
tivity. A resistivity anomaly reflects possible areas of
accumulation of geothermal fluids because these fluids have
physical and chemical properties characterized by tempera-
ture and salinity that produce very high conductivities
[36]. Since the dominant geological formations in this part
are of sedimentary and metamorphic origin, the highly con-
ductive zone C1 (Figure 15(b)) estimated at a depth of
1300m could represent the roof of a fairly large geothermal
reservoir.

The same observation is made with the 2D resistivity
section of profile P5 (Figure 15(c)) where stations S9, S14,
S16, S18, and S21 are located on the less resistive zones (<
200Ω·m). Despite this decrease in resistivity values, the
presence of a geothermal field cannot be asserted here with
certainty, since these resistivity values are still considerably
higher than the acceptable value of 15Ω·m, included in the
range of 1–55Ω·m, which is the range to justify the presence
of a geothermal source [2].

4.6. Spatial Correlation between Geological Maps 16(a), LST
16(b), Lineaments 16(c), and Resistivity Values 16(d).
Figure 16 shows the geological maps 16(a), surface tempera-
tures 16(b), lineaments 16(c), and resistivity 16(d). Geother-
mal reservoirs in active volcanic zones or thermal
anomalies are located in a linear pattern according to fault
lineaments [39–40]. The geothermal system of Paipa
(Colombia) is different because the geothermal reservoirs
are located through sedimentary rocks, which justifies a
lateral distribution of hot fluids [12]. The location of ther-
mal anomalies is mainly in the A1 zone. This localization
would be produced by the friction between two plates

which would raise the temperature of the fluid at a certain
depth, whose circulation is facilitated by the F2 fault
which functions as a migration path.

4.7. Discussion. Figure 17 shows the regional lineament map
of the study area obtained after filtering and processing of
satellite image data of the study area. The observation of this
map highlights the faults enabling the circulation of fluids:
indeed, the lineaments juxtaposed in blocks D1 and D2
materialize, respectively, the Sanaga and Ntem rivers in the
field. These rivers flow from East to West towards the Atlan-
tic Ocean. This good correlation of the information obtained
from this lineament map with that observed in the field led
to the conclusion that the satellite images were collected with
a good spatial resolution and a good accuracy. According to
[41], the value of the normalized vegetation index is greater
than 0.87 (NDVI > 0:87) if the ground is covered with vege-
tation, and the mean emissivity value is equal to 0.99
(E = 0:99). In this work, the maximum value of NDVI = 1
and the emissivity 0:986 < E < 0:99 confirm that our study
area is strongly covered with vegetation. The emissivity value
found is in agreement with the results obtained by [41]. The
range of resistivity values in zone C1 is 100; 0Ω·m
(Figure 16(d)). This two-dimensional model of resistivity is
valid and correlates with that found by the following
authors: [42] which shows a good conductive region (<
10Ω.m); [43] validates a lens-shaped conductor of thickness
between 300m and 500m covering a zone of low resistivity
(10Ω·m to 60Ω·m); it is the same for the work of [44, 45]
which characterizes geothermal reservoirs by the low resis-
tivity values. [2, 36] also obtained resistivity values for con-
ductive zones, respectively, between [1-55[Ω·m and
17.3Ω·m. The work of [8] supports the idea that the temper-
ature anomaly zones are superimposed on the lineaments.

5. Conclusion

This study combines AMT and Landsat 8 data with the aim
of carrying out a geothermal prospecting in South Camer-
oon. The surface temperature data was extracted from
NASA Landsat 8 satellite images with a spatial resolution
of 15m. The processing of these data using PCI geomatica
software enabled to identify the 5 zones of thermal anoma-
lies (A1, A2, A3, A4, and A5) in Figure 9 with a difference
of 5 to 10°C above the average temperature. Among these
anomalies, the choice of A1 as a geothermal anomaly zone
(Figure 12) is validated by a double spatial correlation: the
first being the areas identified as zones of weak resistive
anomaly, and the second areas favorable to the development
of lineaments. From this work, it results that the remote
sensing method is a valuable tool for the detection of ther-
mal anomalies with profitability and precision in the recov-
ery of the surface temperature. Remote sensing is a rapid
means in the mapping, exploration, and assessment of geo-
thermal resource. Despite these yields in addition to the
results which are spatially representative at regional scales,
remote sensing is not expected to suffice as the sole tool in
the exploration and monitoring of geothermal resources.
Conventional in situ data collection methods and the
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integration of the geothermal mechanism with the correla-
tion of geological features have significantly improved the
applicability of geothermal sensing using remote sensing.
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