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Abstract

Renewable energy has become a viable solution to tackle energy challenges in Africa, and Nigeria is actively exploring
various options to enhance its energy supply. Geothermal energy has attracted significant attention, especially following
the discovery of multiple geothermal sites across the country. This study focuses on the Ruwan-Zafi Hot Spring (RZHS)
region with the aim of investigating its suitability for geothermal energy exploration and exploitation. Spectral analysis of
aeromagnetic data was used to model the depths to the top (DTT) and centroid of subsurface magnetic source. Through
these computations, the depth to the bottom of magnetic source (assumed Curie Point Depth, CPD) was derived for the
region. Results show DTT values ranging between 0.89 and 1.08 km, and CPDs ranging between 9.96 and 14.92 km. In
addition, estimated heat flow values ranged between 73.62 and 128.39 mWm™2. The shallow CPD and high heat flow
values within the RZHS area is largely due to magmatic intrusions at depth and indicates the location’s potential for geo-
thermal energy resources. Results also suggest the possibility of steam production at shallow depths (<2 km). The identi-
fication of subsurface structures linked to geothermal reservoirs at the RZHS location offers valuable insights for guiding
future geothermal exploration activities in the region and recommends further exploration and resource assessment.

Keywords Geothermal - Energy - Magnetic - Ruwan Zafi - Curie Point Depth

Introduction

Modeling the geothermal energy potential of a region
involves assessing various geological, hydrological, and
thermal factors to estimate the heat available for conver-
sion into usable energy. Geothermal energy has emerged as
a promising and sustainable alternative to traditional fossil
fuel-based energy sources, offering the potential to address
energy challenges in various regions, including Africa. Con-
tinuous access to energy is a critical concern for all nations
in both the present and future. The growth of an economy
depends heavily on the consistent availability of energy from
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sources that are affordable, readily accessible, and environ-
mentally friendly. Without access to reliable energy sources,
communities may struggle to meet their basic needs, leading
to increased hardships and lower quality of life. Insufficient
access to energy is linked to poverty, deprivation, and can
lead to economic downturns (Grogan 2015; Sovacool and
Dworkin 2015; Oyedepo 2012; Bazilian et al. 2011; Khand-
ker et al. 2009; Kammen and Agusdinata 1997). The explo-
ration and assessment of geothermal energy potential in the
Ruwan-Zafi Hot Spring (RZHS) region of Northeastern
Nigeria represent a critical endeavor within the broader con-
text of sustainable energy development and environmental
management. Despite indications of geothermal activity
in the area, comprehensive studies integrating advanced
modeling techniques with high-resolution geophysical data
are lacking. The absence of such investigations hampers
our ability to understand the geological structures, thermal
dynamics, and environmental implications associated with
geothermal resource exploitation. This study aims to address
this gap by employing advanced geophysical modeling
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techniques on high-resolution aeromagnetic data to model
the geothermal energy potential of the RZHS region. The
integration of aeromagnetic data enables precise delineation
of subsurface structures, facilitating accurate assessment of
heat flow dynamics and resource distribution.

Although Nigeria is recognized for her abundant hydro-
carbon resources, the country is increasingly prioritizing the
diversification of her energy mix to meet escalating energy
demands and tackle environmental challenges. Geothermal
energy exploration and development have risen to strategic
prominence in Nigeria’s energy transition agenda, aimed at
tapping into the country’s untapped geothermal reservoirs.
The RZHS region, nestled within the Chad Basin sedimen-
tary basin, garners attention for its geological characteristics
conducive to geothermal activity, evident through the pres-
ence of hot springs and elevated subsurface temperatures
(Adepelumi and Olorunfemi 2019; Akintude et al. 2017).
Quite a number of studies have been conducted to model
renewable energy prospects of regions (Dar et al. 2024; Ijeh
et al. 2023; Al-Ghriybah et al. 2023; Kassem et al. 2022;
Rabeh and El Rahman 2022, Ishola et al. 2020; Selvara-
joo et al. 2020; Yakubu et al. 2020; Akintude et al. 2017).
For focus, we examine some of the geo-scientific aspects
of these studies in Nigeria. Ishola et al. (2020) interpreted
aeromagnetic data from Ewekoro, southeastern Nigeria to
map subsurface geological structures. They observed lin-
eaments majorly trending in NE-SW direction and inter-
preted these as faults or fractures in the region. Estimated
depths of 0.02—0.75 km were also realized. Ijeh et al. (2023)
assessed the geothermal resource potentials of Lower Benue
Trough using high-resolution aeromagnetic and radiomet-
ric data. Observed curie depths, average geothermal gradi-
ent and the average heat flow of the Lower Benue Trough
were 13.96742 km, 159.4072 mW/m? and 42.639 °C/km
respectively. They concluded on the geothermal suitabil-
ity of the study area for further investigations. Yakubu et
al. (2020) estimated the Curie point depth (CPD), geother-
mal gradient and heat flow within Nigeria lower Benue
trough using the spectral analysis method. The obtained
Curie point depth values between 10.5 and 22.5 km, aver-
age geothermal gradient of 37.8 °C/km and heat flow aver-
ages of 96.22 mW/m?. Consequently, they recommended
further geothermal explorations in the region. Abraham et
al. (2018) performed spectral analysis on aecromagnetic data
to investigate geothermal energy potential in southeastern
Nigeria. They determined the basal depths, also known as
Curie Point Depth (CPD), in the region to range between
9.8 and 19.3 km. Ojoawo and Sedara (2016) discovered an
approximate depth to basement rocks at Ikogosi region of
southwestern Nigeria to range between 8 and 14 m from
their horizontal profiling technique. The Wikki Warm
Spring (WWS) area in Bauchi State, northeastern Nigeria,
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have also been subjected to geophysical analysis. Initial
study (Obande et al. 2014) indicate relatively shallow Curie
Point Depth (CPD) values for the WWS region. With esti-
mated CPD values ranging from 8 to 11 km, these research-
ers suggested further exploration of the area for geothermal
potential. Eeltta and Udensi (2012) and Emetere and Akpan
(2022) have conducted some geo-scientific investigations
on the southeast of Nigeria. They adopted the spectral
analysis, well evaluations and remote sensing approaches
to pinpoint locations for further investigations. At the north-
ern region of the country, spectral analysis of aeromagnetic
anomalies was also undertaken by Anakwuba et al. (2016).
Although their results of 21.45 km and 31.52 km were com-
paratively deeper compared to the other parts of the coun-
try, suggesting non-viability for geothermal considerations,
they however affirmed the suitability of the method to pro-
vide adequate geothermal depths information at a location.
Onyejiuwaka and Iduma (2020) attempted to investigate the
RZHS region using aeromagnetic data and reported a depth
range between 8.4 and 17.16 km for the location. How-
ever, we contend that their deductions may be erroneous
due to the lack of proper implementation of basic concepts
for CPD investigations. One of the flaws identified is the
use of insufficient data and non-overlapping window sizes,
which may have only provided information for half of its
size, thus not reaching the acclaimed RZHS location depths,
as given in their study. However, CPD values were pro-
vided to cover the entire region. The present study covers
the entire region of the warm spring location with sufficient
magnetic data and aims to properly investigate the geo-
thermal energy potentials, model the isotherm depths, and
estimate heat flow at the RZHS region. Through the inte-
gration of aeromagnetic data with computational modeling
approaches, this study seeks to elucidate the spatial distri-
bution of geothermal resources, assess heat flow dynamics,
and evaluate the environmental implications of geothermal
energy extraction in the RZHS region. The objective is to
pinpoint locations with promising geothermal resources,
determine their depths, and estimate heat flow based on the
results. This analysis will provided valuable insights into
the geothermal resource suitability of the region, shedding
light on the potential for steam production at shallow depths
and identifying anomalous geothermal conditions within the
subsurface. The results of this study have substantial impli-
cations for the future development of geothermal energy in
Nigeria, contributing to the broader discourse on sustainable
energy development and environmental modeling.
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The study area

The study are locates at the northeastern region of Nige-
ria (Fig. 1). RZHS is on Latitude 9.60°N and Longitude
11.78°E at Bachama, Lamurde Local Government Area of
Adamawa State. During rainy seasons, a part of the spring
is cool while the other part is boiling hot from the same
source. The topography (physical features of the land) of the
region shows high elevations at the NW, NE, Southern and
most part of the Central region (Fig. 2). All the high eleva-
tions slopes down towards the central region of the Benue
River, traversing the study area. RZHS, with an average
temperature of 54 °C is sited within a huge tectonic struc-
ture — Lamurde anticline, north of the Benue Trough. Topo-
graphic features such as mountains, valleys, and fault lines
can be indicative of tectonic activity. We believe that the
existence of the RZHS in the region could have been con-
nected with the tectonic activities that ensued at the region.

The topography of a region can be influenced by under-
lying geological structures such as rock types, faults, and
folds. This is evident from the geological map (Fig. 3) of the
area. In the Upper Benue Trough, the basement is covered
by the Aptian-Albian Bima sandstone, which is the oldest,

thickest, and most widely exposed formation in the trough
(Haruna et al. 2012).

Guiraud’s (1990) sedimentological analysis revealed
that the Bima sandstone can be categorized into three dis-
tinct silicaclastic members: the Lower, Middle, and Upper
Bima Members. These members are characterized by the
presence of basaltic and rhyolitic clasts, as well as rhyo-
litic to basaltic volcanic lenses, indicating concurrent vol-
canic activity (Guiraud 1990; Guiraud and Maurin 1992).
The Bima sandstone is succeeded by transitional interbeds
of shale, siltstone, and calcareous mudstone of the Yolde
Formation (Cenomanian-Turonian), which transition into
thick limestone beds and shale of the Gongola Formation
in the Gongola sub-basin, and its lateral equivalents: the
Dukul Formation (comprising mainly gray shales and thin
silty beds), and the Jessu and Numanha Formations in the
Yola Sub-basin. These sequences are followed by poorly
to moderately sorted sandstone of the Gombe Formation
(Campanian-Maastrichtian) in the Gongola sub-basin and
the Lamja sandstone in the Yola Arm. The succession is
topped by sandstone of the Keri-Keri Formation (located
west of Gombe town) in the Gongola Arm.

The Upper Benue Trough (Fig. 3) is characterized by a
significant number of NE — SW trending mylonitic shear
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Fig. 2 Topographic map of the
study region

Fig. 3 Geologic map of the Upper
Benue Trough showing the study
area. (Modified after Benkhelil
(1986)
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zones, which were formed during the late Pan-African
phase and later reactivated as sinistral strike-slip faults dur-
ing the Cretaceous period (Benkhelil and Robineau 1983;
Benkhelil 1986; Maurin et al. 1985). Notably, three primary
fracture zones trending northeast have been identified: the
Gombe fault, the Kwol-Kaltungo lineament, which spans
approximately 150 km, and the Burashika fault. These
major fractures intersect the Cretaceous deposits and impact
the underlying basement. The major fractures in this area
exhibit tectonic deformation through cataclastic and brec-
ciated bands, which are approximately 300 m to 1 km wide
in the basement, and crushed zones about 100 m wide in
the sedimentary cover. This deformation overlays the Pan-
African mylonitic shear zones and creates post-depositional
fracture/fault zones (Haruna et al. 2012). The boundary
of the Upper Benue Trough in the area between the N — E
trending southern domain (Muri-Lamurde branch) and Yola
arm is delineated by three northeast trending fault-bounded
Early Cretaceous sub-basins: the Nahantsi, Kurkude, and
Shani sub-basins. Adjacent to these sub-basins are two
NE — SW trending uplifted basement blocks: the Wuyo-
Guburunde Horst and the Burashika Horst. A large-scale
NE — SW trending Lamurde anticline and Dadiya syncline
in the Upper Benue Trough were formed by a general N — E
compression that impacted the Northern part of the Benue
Trough at the conclusion of the Cretaceous period (Benkhe-
1il 1982, 1986).

Methodology

One method for modeling the thermal structure of the Earth’s
crust involves the estimation of the Curie Point Depth (CPD)
using aeromagnetic data (Dolmaz et al. 2005). Numerous
studies have established correlations between Curie tem-
perature depths and average crustal temperatures, leading
to meaningful insights into lithospheric thermal conditions
in various regions worldwide (Ross et al. 2006). The tech-
niques for determining the depth range of magnetic sources
can be classified into those that analyze the shape of isolated
magnetic anomalies (e.g. Bhattacharyya and Leu 1975) and
those that consider the statistical characteristics of mag-
netic anomaly patterns (e.g. Spector and Grant 1970). By
converting the spatial data into the frequency domain, both
techniques demonstrate the relationship between the spectra
of magnetic anomalies and the depth of magnetic sources
(Tanaka et al. 1999; Obande et al. 2014). CPD investiga-
tions were determined for some parts of Japan (Okubo et
al. 1985), India (Rajaram et al. 2009; Bansal et al. 2013),
USA (Blakely 1988; Mayhew 1985), Greece (Stampolidis
and Tsokas 2002; Tsokas et al. 1998), Bulgaria (Trifonova
et al. 2006, 2009), Turkey (Dolmaz et al. 2005; Maden

2009), Mexico (Manea and Manea 2011), Portugal (Okubo
et al. 2003) and Nigeria (Obande et al. 2014; Chukwu et al.
2018). For this study, we follow the procedures of Okubo et
al. (1985) and Tanaka et al. (1999).

From the assumptions that a model layer extends infi-
nitely far in all horizontal directions, depth to top bound of a
magnetic source is small compared with the horizontal scale
of a magnetic source, and magnetization M (x,y) is a ran-
dom function of . and ,,, the power density spectra of total
field anomaly @7 (Tanaka et al. 1999):

®AT (]431-, k‘y) = @j\,{ (kT k'[/> x F (k:x: kl}),

F (ky, k,) = 4m*C?

m

2
e (R ) B O

where @), is power-density spectra of the magnetization,
Ch, is a proportionality constant, and ©,, and © are factors
for magnetization direction and geomagnetic field direction
respectively. This equation can be simplified by noting that
all terms, except |(~)m\2 and |9f\2, are radially symmetric.
Moreover, the radial averages of @,, and © are constant. If
M (x,y) is completely random and uncorrelated, @ (s, ky)
is a constant. Hence, the radial average of @y is:

2
Dar (k) = A 2hl (1 _ e—\kv\(a,—za) )

where A is a constant. For wavelengths less than about twice
the thickness of the layer, Eq. 2 approximately becomes:

In [@AT<|1€|)1/2} = 1nB — |k| 2 3)

where B is a constant. Using the slope of the power spec-
trum, one could estimate the top bound of a magnetic source.
On the other hand, Eq. 2 rewrites as:

Dar((k)? = Ce o (s _ o Wea=) g

where C' is a constant. At long wavelengths, Eq. 4 is:
Dar(|k])2 = Co (e—\w—@ _ e—w(—d)) ~ CeH02 || d (5)

where 24 is the thickness of the magnetic source. From
Eq. 5

ln{[@ﬂ(|k|)1/2/|k:|” — D — [k| 2 (6)

where D is a constant. We summarize Egs. (3) and (6) as
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In [P (k)l/ﬂ =B — |k| % )
and,
In {P(k:)m/ |k|] —nD — |k] 2 (8)

where @, (|k|)"/? is written as P (k)2

We estimated the top bound and the centroid of the
magnetic source by fitting a straight line through the high
wavenumber and low-wavenumber parts of the radiall
average spectrum of In {P (k’)l/Q] and In [P (k')l/z/ ||
from Egs. (7) and (8) respectively. As our frequency unit is
in cycles per kilometer, we divided the corresponding spec-
trum relation by (47). The depth to bottom (basal depth) of
the magnetic source is given by;

2h =220 — 2 9)

CPD is assumed as the obtained basal depth computations
(Okubo et al. 1985; Tanaka et al. 1999).

Conductive Heat Flow

Fundamental relation when considering conductive heat
conveyance is Fourier’s law (Tanaka et al. 1999). In the
one-dimensional case, assuming a vertical direction for tem-
perature variation and constant temperature gradient dT/dz,
Fourier’s law takes the form

de

dz (19)

q=

where q is describe as the heat flux, k, the coefficient of
thermal conductivity.
The Curie temperature (8) can be defined:

dT
b= (dz) “ (an

where m is the Curie point depth, provided that there is no
heat sources or heat sinks between the earth’s surface and
the Curie point depth, the surface temperature is 0 °C, and
dT/dz is constant. We utilize the Curie point (¢) for mag-
netite (580 °C with an average thermal conductivity of 1.80
Wm~ ! k~! for the sedimentary formation and 2.5 Wm™' k!
(Manea and Manea 2011) for the region with igneous rock.

The aeromagnetic data utilized in this research was col-
lected by the Nigeria Geological Survey Agency (NGSA)
during the period from 2005 to 2009. The data was gath-
ered with an average terrain clearance of 80 m and 500 m
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line spacing. The geomagnetic gradient was removed from
the aeromagnetic data using the 2005 International Geo-
magnetic Reference Field (IGRF) formula. We used data
reduced to the equator (RTE) in our analysis of the magnetic
data. Leu demonstrated that the RTE technique was more
reliable at high latitudes than the Reduction to Pole (RTP)
technique is at low latitudes. Jain (1988) compared the RTP
with RTE techniques and concluded that the RTE technique
is preferable, more particularly at the middle and lower lati-
tudes. In our study area located at lower latitudes, we uti-
lized the fast Fourier transform operator to apply the RTE
correction, assuming a magnetic declination of -2.15° and
an inclination of -13.91°. To remove the effects of topog-
raphy on the aeromagnetic anomalies, the RTE data were
low-pass-filtered and the resulting map displayed in Fig. 4.

In selecting our block size, an effort was made to follow
the suggestion by Ravat et al. (2007) to consider information
on spectrum depth to instruct on window lengths chosen.
The depth resolution is constrained by the length of the aero-
magnetic profile (L), and the maximum estimation of CPD
is restricted to (L)/2n (Shuey et al. 1977; Manea and Manea
2011). If the bases of the source bodies are deeper than L/2m,
the spectral analysis procedure may not be feasible (Salem
et al. 2000). To address this, we partitioned the magnetic
anomaly map into subregions measuring 110x 110 km,
with the blocks overlapping by 50% of the block size. An
additional block was sampled by placing center point of the
subregions within the central part of the study area follow-
ing Ross et al. (20006). A total of 5 adequately overlapped
blocks were obtained at 110x 110 km dimension. The sta-
tistical errors for each of the selected windows were com-
puted from the standard deviation of differences between
the natural logarithm of power density spectrum and the
linear fit from the least square method. The range of fre-
quencies considered for these evaluations were taken within
the range of the linear fits on each spectrum. This technique
has been successfully applied by Manea and Manea (2011),
Trifonova et al. (2009) and Okubo and Matsunaga (1994).
Figure 5 shows an example of the radially averaged power
spectrum plot for block 1. The centroid depth and its com-
puted uncertainty stood at 7.27 +0.05 km and depth to the
top (DTT) of magnetic source, 0.89+0.02 km, CPD for
block 1 was calculated as 13.66+0.48 km.

Results

A map display of the estimated DTT is shown in Fig. 6 and
the basal depths (CPDs) is displayed in Fig. 7. Figure 8 dis-
play a 3D plot of the DTT and CPD for the RZHS region.
The computed heat flow is displayed in Fig. 9.
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Discussion

The relationship between topography and heat flow in a
region is primarily influenced by the geological character-
istics of the area. A comparison of the regional topography
(Fig. 2) with the geological map (Fig. 3) show a striking
surficial semblance with most of the features traced on the
topographic map given interpretation on the geological
map. At the location of RZHS (Lamurde), a complicated
interplay of geology is seen between the sedimentary for-
mation and crystalline basement. This region clearly show
the aftermath of a serious tectonic event that ensured at the
region. We believe that the tectonic activities that occurred
at the region is instrumental to the formation of the RZHS.
Regions with active tectonics experience higher heat flow
due to the movement of tectonic plates and associated geo-
logical process. The tectonic deformation at this region has
been described by Haruna et al. (2012) to have superim-
posed the Pan-African mylonitic shear zones, providing
post depositional fractures and fault zones. These geological
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features impacted the distribution of thermal anomalies in
the region.

Analysis of Fig. 4 reveal distinct magnetic anomalies
in the RZHS region, indicative of subsurface geological
structures associated with potential geothermal reservoirs.
The distinctive spatial distribution of magnetic anomalies
at the Lamurde location coupled with the complicated geol-
ogy, suggests the presence of fault systems and other fea-
tures which are favorable indicators for geothermal energy
exploration.

The DTT ranges between 0.89 and 1.08 km. Lamurde
region locates directly over the Bima Sandstone whose
depths have earlier been estimated at between 0.4 and
0.9 km (Umeji 2013). This depths is in agreement with our
estimated DTT of magnetic sources for the location. A plot
of DTT (Fig. 6) show an average of 1.0 km at the RZHS
location and becomes deeper northwards. Results from the
CPD evaluations (Table 1) show values ranging between
9.96 + 0.21 and +1.10 km with their corresponding uncer-
tainties. An average value of 12.11 km was realized for the
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Fig. 5 Radially averaged power 44®
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Table 1 Results of spectral analysis and depth estimations of magnetic sources including error estimations for the selected blocks
Blocks Longitudes Latitudes 2 Error Zo Error Zo 2 Error
@) @) (km) (xkm) (km) (£km) (km) (xkm)
1 11.50 9.50 0.89 0.02 7.27 0.05 13.66 0.48
2 12.00 9.50 0.97 0.01 5.70 0.13 10.43 0.62
3 12.00 10.00 1.05 0.01 6.30 0.04 11.56 0.25
4 11.50 10.00 1.01 0.03 7.97 0.18 14.92 1.10
5 11.75 9.75 1.08 0.01 5.52 0.05 9.96 0.21

coverage area. A plot of this values (Fig. 7) reveal an aver-
age CPD value of 10.5 km at the RZHS location. This value
indicates shallow CPDs in the region compared with other
parts of the study area, as the CPD increases away from the

@ Springer

Lamurde region. Tanaka et al. (1999) noted that the CPDs
are relatively shallow, with depths of approximately 10 km
in volcanic and geothermal areas, 15 to 25 km in island arcs
and ridges, over 20 km in plateaus, and exceeding 30 km
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in trenches. The presence of RZHS in the study area aligns
with the characteristics described for the first category.
We believe that the shallow CPD at this location could
be responsible for the surficial heat signatures seen in the
RZHS. RZHS locates at the foot of the Lamurde anticline
that stretches southwards. We believe that the upliftment of
the anticline and magmatic structure that intruded the area;
conducts heat from the magma to heat the reservoir rock
above it. This process also provides the heat acquired by the
RZHS reservoir within the subsurface.

An opposite orientation is observed from the 3D plots of
DTT and CPD (Fig. 8) with regions of deeper DTT corre-
sponding to shallow CPD and vice versa. It becomes clearer
that the Lamurde area sits atop a protruded magmatic intru-
sion in the subsurface which is equally complimented by
a thin top layer at the location. We propose that the heat
source for the RZHS could have possibly originated from an
intrusion with possible connection to the magma chamber
at depth. This may have resulted in the exposure of rock
units in the area to direct heating from the Earth’s mantle.

11-11-114141-11-10-1.0 10 1.0 1.0 1.0 1.0 -0.9

The basement complex of Nigeria is occasionally intruded
and interspersed by older granites that originated during the
Pan-African orogeny. This inference is further substantiated
by the intricate geology of the region.

The minimum heat flow value required for consider-
able generation of geothermal energy is approximately
60mWm 2 (Jessop et al., 1975). Estimated heat flow values
at the location varies between 76.62 and 138.29 ;W2
with an average of 91.66 yWm—2 (Fig. 9). With values
reaching as high as 138 ;,\W~2 in the region, we propose
an anomalous subsurface geothermal condition which could
be further investigated.

Conclusion

The assessment of geothermal energy potential in the
Ruwan-Zafi Hot Spring (RZHS) region, northeastern Nige-
ria, utilizing high-resolution aeromagnetic data has revealed
promising indications of subsurface geological structures
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Fig. 7 Estimated CPD for the _ 11700 11°15° 11°30’ 11°45' 12°00" 12°15' 12°30"
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Fig.8 3D plot of DTT and CPD
of the RZHS region
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Fig. 9 Heat flow map of the 117007 11°15' 11°30° 11°45' 12°00" 12°15' 12°30°
RZHS region derived from the 8 750000 800|000 850000 3
CPD computations S 8‘ [ ‘ ‘ ‘ L ‘_\ g
3 Wuyo o
8_ - e ¢ - - & - . - - . v . _8 P
] Gombe Deba ' ) 8
i ombe -
2 . S
U R S
Bargu
. «
8 : _ : L3
g8 + AR ﬂT .t =
o - - e o - N Y - - - . —8 i
S 1<}
=~ . (=)
= . Busangi |
»
2 9
S T Kiri~ a il
-
(= —
88 b e B
& g ' ran ' - = &
= - 1=}
o
) - <
(= - ' -
(=] o
g - g
I P S N N M L £
& ’ 8
750000 800000 850000 )
11°00° 11°15' 11°%0' 11°45' 12°00" 12°15' 12°30"
Heat Flow
25000 0 25000 mWm-2)
e 760 90.2 965 101.2 1063 1123 119.6 1285 138.0
WGS 84/ UTM zone 32N E ‘ ‘ | ‘ ‘ L II
Declarations

conducive to geothermal resource development. The data
was analyzed using the spectral method to estimate CPD
and crustal heat flow at RZHS. The result reveals CPDs
varying between 9.96 and 14.92 km. Estimated crustal heat
flow varies between 72.62 and 138.29 mWm ™2 with a value
of 128.5 mWm™?2 at the RZHS location. The shallow CPDs
in at the RZHS location indicates the viability of the area
for further geothermal energy investigation. The presence
of fault systems and subsurface intrusions in the location
also suggests a geologically favorable environment for the
development and exploitation of geothermal resources.
This study would also contribute to the diversification of
Nigeria’s energy mix by the addition of geothermal energy
resources.
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request from the corresponding author.
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