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Abstract

This research focuses on hydrothermal alteration and mineral potential zones of the Bauchi area in northeastern Nigeria using the interpretation
of aeroradiometric data. The high resolution aeroradiometric data were acquired and analyzed for possible areas of mineral potentials, lithologic
units, and hydrothermal alteration. The radiometric data were interpreted by minimum curvature gridding techniques, arranged in three different
grids as radioelement of percentage potassium (%K), equivalent thorium (eTh), and equivalent uranium (eU), and were displayed as pseudo-
coloured images to reveal the surface concentration of each of the radioelements. The radioelement maps, K/eTh ratio map, and ternary image
were used to recognize and interpret the radiometric signatures for mineral potential zones, lithological units, and identification of hydrothermal
alteration zones in the study area. The relatively high eTh concentration (32.1274-54.8017 ppm) could be attributed to granitic rocks and high
K/eTh ratio (0.285718-0.422418 wt%/ppm) indicates hydrothermally altered areas. The regions with high %K, high eTh and high eU coincide
with the granitic rocks and this indicates that hydrothermal alteration and mineral potential zones are predominance in older granites and younger
granites. The hydrothermal alteration zones are favorable areas for mineralization as observed from the K/eTh ratio map. The hydrothermally
altered areas are underlain by granitic rocks and this attests that the hydrothermal alteration process is accompanied by granitic intrusions and
emplacement of late intrusive rocks which provide the heat sources for hydrothermal solutions along fractures for the formation of minerals or
react with the enclosing rock for hydrothermal alteration and subsequent mineralization.
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1. Introduction This involves the measurement of naturally occurring radioac-
tive elements, uranium (U), thorium (Th), and potassium (K)

A radiometric survey is a geophysical tool that is useful o1 the outermost part of the Earth’s surface, where the rock-
for rock and mineral identification using radioelements [1, 2]. forming minerals and the soil profiles exist [3-5]. The radio-
metric method characterizes the changes in lithological units
due to the variations in the concentration of the radioelements

*C di thor: Tel.: +234-803-499-1835. . .
orresponcing author: 1e between different rock units [6-8].

Email address: sholaodewumi@yahoo.com (Shola C. Odewumi )


https://crossmark.crossref.org/dialog/?doi=10.46481%2Fjnsps.2025.2193&domain=pdf
https://crossmark.crossref.org/dialog/?doi=10.46481%2Fjnsps.2025.2193&domain=pdf

Mamudu et al. / J. Nig. Soc. Phys. Sci. 7 (2025) 2193 2

A mineral indicator is any physical or chemical phe-
nomenon that occurs with an ore mineral and indicates its pres-
ence [9]. Indicators such as faults, fractures, porphyry intru-
sives, and oxidized and hydrothermally altered areas have been
found useful in the exploration of minerals [10-13]. For ex-
ample, faults/ fractures provide a conduit or serve as traps for
mineralizing fluids while intrusions provide heat sources that
cause chemical reactions with intruded rocks that may bring
about mineral transporting, concentration, and deposition at or
near the intrusive contacts [14]. Several authors have used an
indirect tool for mapping zones of mineralization by identifying
mineral indicators favourable to mineralization [15-17].

Nigeria is endowed with minerals such as energy fuels, in-
dustrial, metallic, and non-metallic minerals [18] and the min-
erals can be found along fractures controlled by hydrothermal
fluid that carries large amounts of dissolved minerals of mag-
matic origin [19]. Minerals such as gold, zinc, lead, iron ore,
magnesite, wolframite, barite, manganese, copper, and tantalite
have been reported in northern Nigeria and possibly occur in the
study area [20]. The hydrothermal alteration process has been
reported to be associated with the process of soil and rock for-
mation within the Basement complex of northcentral and south-
western Nigeria [21-23]. The hydrothermal process may be
accompanied by mineralization in the Basement terrain of cen-
tral Nigeria using the mineralogical and geochemical signatures
[24, 25].

The previous geophysical research in the study area in-
cludes groundwater potentials using the electrical resistivity
method [26, 27], groundwater quality using geophysical and
hydrogeochemical methods [28], and geotechnical investiga-
tion of aquifer using electrical resistivity and geotechnical tests
[29]. The aeromagnetic data in the study area were inter-
preted and analyzed for gold exploration [30]; geological tran-
sition zones [31]; depth to magnetic source determination using
Source Parameter Imaging [32] and Geothermal Potential [33].

The geological field investigation of the Basement rocks in
the study area was carried out by Oshilike et al. [34] on the pet-
rographic and structural characters of lithological units in the
Kura area while Yahuza et al. [35] reported on the geology
and petrography of Schlieren cum Nebulites from Bauchi area,
Northeastern Nigeria. The ground radiometric survey of Hong
Hills, Hawal Basement Complex, northeastern Nigeria was re-
ported by Bassey and Unachukwu [36] and the research aimed
to delineate lithological units. The possible pegmatite occur-
rences were suggested based on high radiometry and ground
truthing results in the northern sector of the area.

The radiometric investigations for hydrothermal and min-
eral potential zones have not been reported in the study area.
The present research focuses on the identification of hydrother-
mal alteration and mineral potential zones of the Bauchi area in
northeastern Nigeria using the interpretation of aeroradiometric
data.

1.1. Location and Geology of the Study Area

The study area predominantly lies in Bauchi State and also
partly lies in Plateau State (Figure 1). The Bauchi area is lo-
cated at latitudes 9°30” to 11°00/ n and longitudes 9°30’ to

10°30’E. The area comprises six topographical sheets, namely:
Mandaki sheet 128, Ganjuwa sheet 129, Bauchi sheet 149, Al-
kaleri sheet 150, Tafawa-Balewa sheet 170, and Yuli sheet 171.
The study area covers a total area of 18,150 km?2 and is acces-
sible through Jos-Yobe Road and Jos-Gombe Road (Figure 1).
There are also major roads, minor roads, and footpaths through-
out the area.

The Geology of the Bauchi State is broadly divided into ar-
eas underlined by crystalline basement complex rocks and sed-
imentary rocks. The southwestern part of the Bauchi State is
covered by Precambrian-Paleozoic basement rocks, while the
southeastern part of the state is covered by the Paleocene Kerri-
Kerri formation [37]. The migmatites, migmatites-gneiss, and
the granite-gneiss complex form the oldest rock group of pre-
sumably late Precambrian to early Palacozoic age [38—41].
During the Pan-African Orogeny, a suite of intrusive granites,
older granites, and the charnockite rocks were employed in a
magmatic phase within the country rock migmatite-gneiss com-
plex [42].

The older granite suites are predominantly of porphyritic bi-
otite granite or Biotite-Hornblende granites. They are usually
foliated due to the mafic minerals present in them [27, 43]. A
petrographic study of the rocks reveals pelitic mineral assem-
blages suggesting high grade metamorphism and characteristic
structures such as gneissosity and granoblastic textures were
observed in the area [34].

The geological map of the study area is shown in Fig-
ure 2 and is underlain by crystalline rocks such as migmatite,
porphroblastic gnesis, granite gneiss, biotite and biotite horn-
blende granodiorites and meta-conglomerate in eastern part and
other rock units are quartz prophyry, biotite granite, ignimbrite,
coarse biotite and biotite muscovite granite, fine grained bi-
otite granite and charnockitic rocks while alluvium occurs in
the southeastern part of the study area (Figure 2).

The deformation and migmatization of the rocks produced
orientations in different directions, with an abundance of geo-
logic structures such as foliation, ptygmatic folds, veins, frac-
tures, and dykes. Most of these structures found on the rocks
tend to trend towards the NE-SW and E-W directions [34]. The
migmatite-gneiss complex was intruded by low grade schist
during the Kibaran orogeny, they range between quartz schist,
mica schist, quartzites, and concordant amphibolites [44]. They
are generally trending NE-SW with some trending N-S, they
are responsible for most gold mineralization in Nigeria, with
quartz veins serving as carriers of the gold in most places [45].
Schist belts were intruded by Pan-African granitoids during
the Pan-African orogeny (600Max150), they range between
migmatites, older granites, and gneisses [46].

From the aeromagnetic survey, the migmatites have higher
magnetic susceptibility and high intensity of interconnected
fractures that are trending NW-SE, NE-SW, and minor E-W that
are interconnected. These fractures are regional and may serve
as conduits for hydrothermal mineralization [30]. The result
of the analytic signal in Bauchi State highlighted areas of high
magnetization contents which could be sites for possible miner-
alization [47]. The Aeromagnetic data of the Rimin Zyam area
in Bauchi was assessed and areas with high and low magnetic
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Figure 1. Location map of Bauchi area.

anomalies were identified with NNW-SSE and NNE-SSW as
the dominant structural trends. These structures may serve as
conduits for the mineralization of magnetic minerals [30].

Bassey and Unachukwu [36] mapped radio-lineaments us-
ing a ground radiometric survey with the majority aligned in
Pan African deformational direction (N-S, NE-SW) while oth-
ers aligned in the N-W and E-W directions, and suggested that
the area could be designated as a pegmatite zone and targets for
mineralization.

2. Materials and Methods

The data used consist of six (6) topographic maps of high
resolution aeroradiometric data acquired from the Nigerian Ge-
ological Survey Agency (NGSA) on a scale of 1:100,000 which
include Mandaki Sheet 128, Ganjuwa Sheet 129, Bauchi Sheet
149, Alkaleri Sheet 150, Tafawa-Balewa Sheet 170 and Yuli
sheet 171. Each of the sheets has an area of 55 km by 55 km
giving a total area of 18,150 km?. The topographical sheets
acquired were processed and merged into a common dataset.

The acquired airborne radiometric data with a resolution of
0.01nT contains Potassium (K), equivalent Thorium (eTh) and
equivalent Uranium (eU) grid map. The aeroradiometric data
were corrected for background radiation ensuing from cosmic
rays and variation rooted by changes in the aircraft altitude rel-
ative to the ground and Compton-scattering gamma rays in K
and U energy windows. The radiometric data were interpreted
by minimum curvature gridding techniques, arranged in three
different grids as radioelement (K, eTh and eU) and were dis-
played as pseudo-coloured images to reveal the surface concen-
tration of each of the radioelements.

2.1. Software used in the study

The software used for the interpretation of this research is
ArcGIS and Oasis Montaj.

2.2. The total count map of the study area

The measurement of the concentration level of each of the
radioelements was carried out by estimating the degrees of



Mamudu et al. / J. Nig. Soc. Phys. Sci. 7 (2025) 2193 4

oAy Tings o

s

e L

25000 4]

(mEEE]

WAE 54 7 LITRS 2ome 22N

s s _+_

%
&
Legend
x T Ly
Z ®  Location
Alluvium

Sandstone, shale and Clay

B Shale, Limestone and Sandstone
Sandstone

Bl Qurtz Porphyry

3 Biotite Granite

* [ Homblende Granite
] Coarse Porphyritic Homblende Granite

AN

Medmm-coarse- gramed Biotite Granite
Chamockitc Rock
Granite Gneiss

i

Figure 2. Geological map of Bauchi area.

emitting gamma-ray radiation which was used to produce maps
showing the three (3) radioelements with their ratios.

2.3. The Three Primary Variables Radioelements, %K, eTh and
eU Map

The three primary variables were produced from the total
count using K_Th_U separation techniques. The grid and Im-
age were applied to the total count and filtered out with a trend
of one (1) to produce one (1) of the variables. The remain-
ing two variables were produced using Grid Maths in Oasis
Montaj software. The grids of the three (3) variables were dis-
played and ready for analysis and qualitative interpretation. The
potassium image was developed to identify regions of strong
potassium percentage while thorium is usually immobile [48].
The reduction in thorium and increase in potassium show signs
of ore alteration that was used to produce the Th image map.
These maps were displayed with their concentrations showing
in Red, Blue and Green (R-G-B) colours indicating different
lithology. The uranium, thorium, and potassium maps indicate
areas where the specific radioelement occurs in greater amounts
[48, 49].

2.4. Potassium _Thorium Ratio (K/Th) Map of the Study Area

The potassium _Thorium (K/Th) ratio map was produced
by inserting the grid variables into the grid Maths in Grid and
Image of Oasis Montaj software. Lithological variations are
shown in different colours. The K/Th ratios were created to
identify areas where a relative amount of potassium occurs
in greater percentages (i.e. where potassium concentration is
strong). A K/eTh ratio map was developed to map the hy-
drothermally altered areas since an increase in K and a decrease
in eTh is a pointer for altered zones in various ore deposits [50].

2.5. Ternary map of the study area

The ternary image is the combination of the three primary
grids (K, Th and U). The ternary image was produced using
Grid and Image techniques that were then displayed as a ternary
image in red-green-blue (RGB) colour on Oasis Montaj soft-
ware. A ternary map in the RGB colour model for which potas-
sium, thorium and uranium were assigned to red, green and
blue, respectively, was generated. This ternary map represented
the typical radiometric response in the ratios of the three ra-
dioelements.
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Figure 4. Potassium (K) map of the study area.

2.6. Hydrothermal alteration map of the study area

The hydrothermal alteration zones were mapped out on the
Potassium/Thorium ratio map and superimposed on the geolog-
ical map using Oasis Montaj software. This helps to delineate
the region of hydrothermal alteration which is an area of poten-
tial mineral interest. It was also used to map the lithological
units. The radioelement maps, K/eTh ratio map and ternary
image were used to recognize and interpret the radiometric sig-
natures associated with the rocks essential to mineral potential
zones, lithological units, and identification of hydrothermal al-
teration zones within the study area.

3. Results and discussion

3.1. Total count map of the study area

The total count map in Figure 3 shows a high radioac-
tive count with pink and red colours ranging from 3974.21 to
5694.95uR/h at western part on the study area. Moderate ra-
dioactive count ranging from 2243.6 to 3974.21uR/h with yel-
low and green colours was observed at northern and southern
part of the study area while relatively low radioactive count
ranging from 670.13 to 2243.6uR/h with blue colour was ob-
served at eastern part of the study area (Figure 3). Variation in
radioactive count may result from the presence of rock types,
mobility of the radioelement, weathering and hydrothermal al-
teration activities in the study area.

3.2. Potassium percentage (%K) map of the study area

The percentage potassium (%K) map of the Bauchi area
(Figure 4) shows %K ranging from 0.002033 to 5.24882 %
which indicates the responses of %K from different lithologic
units and the dominance of K among the radioactive elements
within the intrusive rocks near the surface. Figure 5 shows %K
map with an outline of the geology that describes the bound-
ary of the %K anomaly and the associated lithologic units. The
potassium (K) radiation is mainly due to K-feldspar, especially
microcline and orthoclase or micas such as muscovite and bi-
otite, which are common in granites and are relatively low in
basalts and andesites [51]. According to Manu [52], high K
anomaly areas can be interpreted as alteration zones and imply-
ing that it might be a useful pathfinder for detecting the mineral
potential zones

Older granites, younger granites and porphyroblastic gneiss
were identified in high %K areas (Figure 5) and a high %K
value suggests the presence of granitic intrusions because
granitic rocks have high K-feldspar rich minerals [53]. A mod-
erately high %K with a yellow colour coincide with migmatite,
charnockite, quartzite, and meta-conglomerate while a low %K
coincide with the presence of sediments synonymous with sed-
iments rich in quartz and clay materials which could have been
obtained through weathering of pre-existing rocks (Figure 5).
This is similar to the research of Tawey et al. [53] on the assess-
ment of hydrothermal alteration regions in northcentral Nigeria
using aeroradiometric data where different lithologic units were
identified when %K map was superimposed on geological map.
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Figure 6. Equivalent Thorium (eTh) map of Bauchi area.

3.3. Equivalent Thorium (eTh) concentration (ppm) map

The eTh distribution map of the Bauchi area is shown in
Figure 6 while Figure 7 shows the eTh distribution map of the
Bauchi area with an outline of the geology map. The eTh con-
centration ranges from 6.59647 to 54.8017 ppm and the rela-
tively high eTh concentration of 32.1274 to 54.8017 ppm with
pink colour could be attributed to granitic rocks and coincide
with older granite and younger granites in the study area (Fig-
ure 7). According to Manu [52], low eTh concentrations are
associated with mafic minerals and high eTh concentrations are
associated with felsic minerals

The regions with a shade of green and yellow colours show
moderate Thorium concentrations of 15.5471 to 32.1274 ppm

(Figure 6) and could be attributed to migmatite, granite gneiss
and meta-sedimentary rocks (Figure 7) while a shade of blue
shows relatively low concentrations of eTh could be associated
with a sedimentary sequence which lacks granitic intrusion and
hydrothermal activities in the area. Thorium is typically immo-
bile during weathering but K-feldspar can be altered through
weathering and hydrothermal alteration processes to kaolinite
[19].

3.4. Equivalent Uranium (eU) (ppm) map of the study area

The eU distribution map is shown in Figure 8 while Fig-
ure 9 shows the outline of the geology of the Bauchi area on
the eU concentration map. The eU concentrations vary from
2.56568 to 11.9959 ppm. The relatively high eU concentra-
tion with red and pink colours ranges from 9.79176 to 11.9959
ppm coincide with the granitic rocks such as Porphyry/quartz
porphyry, Quartz porphyry, Ignimbrite, Biotite granite, Coarse
Biotite Granite, Fine-grained and Biotite Granite (Figure 9).

The moderate eU concentration ranges from 6.45272 to
9.79176 ppm with yellow and green colours which coincide
with migmatite, granite gneiss, porphyroblastic gneiss, meta-
conglomerate and charnockitic rocks while relatively low eU
concentration ranges from 2.56568 to 6.45272 ppm and is asso-
ciated with sedimentary sequence (Figure 9). Thorium, which
is not usually equally affected by the weathering and the al-
teration processes generally presents a much larger increase in
comparison to eU [52].

3.5. Potassium percentage-equivalent Thorium ratio (%K/eTh)
map

The K/eTh (%/ppm) ratio map (Figure 10) shows relatively
high K/eTh values of 0.285718 to 0.422418 %/ppm in pink
colour and characteristic high K/eTh ratio can be interpreted as
alteration which is more intensive in mineral potential zones.
The high K/eTh ratio indicates hydrothermally altered areas
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Figure 8. Equivalent Uranium (eU) map of Bauchi area.

and high potassium concentrations are associated with alter-
ation zones related to mineralization in the study area.

The K/eTh ratio anomalies can distinguish areas of hy-
drothermal alteration characterized by K enrichment and ar-
eas affected by the hydrothermal processes have a high ratio
of K/eTh [7]. Ostrovskiy [50] refers to an increase in K and
a decrease in eTh for the alteration environment in various ore
(mineral) deposits. The K/eTh ratio map can be used to identify
zones having high concentrations of potassium while thorium is
generally considered to be a major and immobile element [7].
The ratios of the K/eTh map can be used to indicate the degree
of differentiation and mineralization areas [54-57].

This is similar to the report of Moxham et al. [58] on

studies of hydrothermally altered rocks where a high K/eTh
ratio showed hydrothermal alteration and the report of Ben-
nett [59] on exploration of hydrothermal mineralization with
airborne gamma-ray spectrometry where high K/eTh ratio sug-
gested mineralized areas. Maden and Akaryali [51] reported on
the potassium enrichment areas related to epithermal gold min-
eralization which showed anomalously high K/eTh ratios in NE
Tiirkiye and indicated that the gold mineralization occurs where
the potassic alteration is the most pervasive and the most exten-
sive. This area of high K/eTh ratio in NE Tiirkiye clearly shows
the highest potassium concentrations associated with alteration
zones related to mineralization [51].

Arogundade et al. [60] adopted airborne radiometric data
for mapping potential areas of mineralisation deposits in Zam-
fara, northwest Nigeria and the K/eTh ratio map showed more
structural relationships that aided the migration of hydrother-
mal fluids for subsequent alteration. The present findings agree
with the report of Appiah [61] on airborne radiometric data in-
terpretation in the Chirano area for gold mineralization and the
work of Abdellatif and Elkhateeb [6] in delineation of potential
gold mineralization zones in Egypt using airborne radiometric
data where high K/eTh ratio indicates hydrothermal alteration
and mineralized zones.

The hydrothermally altered map of the area was superim-
posed on the geology map of the study area (Figure 11). It
was observed that the hydrothermally altered area with a tick
blue line coincides with the granitic rocks (Porphyry /Quartz
porphyry, Quartz porphyry, ignimbrite, Coarse Biotite Gran-
ite, Fine-grained and Biotite Granite). The regions with hy-
drothermally altered areas (Figure 11) show the occurrence of
granitic rocks and indicate that the hydrothermal alteration pro-
cess is accompanied by granitic intrusions which provide the
heat needed for alteration and subsequent mineralization. This
is similar to reports on hydrothermal alteration processes which
were associated with the formation of hydrothermal clays over-
lying granitic rocks in northcentral Nigeria where the granitic
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intrusions provided the energy sources for the alteration of
granitic protoliths to kaolinitic clay minerals [62—-64].

3.6. Ternary map

The ternary map (Figure 12) was generated from the com-
posite of gamma-ray spectrometric data of the radioelements
(%K, eU and eTh). The radiometric response, to some ex-
tent, shows a fairly close spatial correlation with the rock units.
These responses are a result of different rock types having
different characteristic concentrations of radioelements. The
colour of the legend shows K in red, eTh in green and eU in

blue which indicates a 100% concentration of each radioele-
ment. Colours other than the three primary colours (red, Blue
and green) indicate areas with various, well-defined proportions
of K, eU, and eTh (Figure 12). According to Shives et al. [57],
a ternary map shows radioelement abundances which reflect
lithological variations.

The moderate potassium and thorium with relatively low
Uranium concentrations are associated with quartz porphyry,
ignimbrite, biotite granite, coarse biotite and biotite muscovite
granite and fine-grained biotite granite (Figure 12). The re-
gion of relatively high thorium and uranium with low potas-
sium concentration is associated with meta-conglomerate and
porphyroblastic gneiss. Most of the rock units/geological for-
mations do not provide colour discrimination between them,
which might be due to the redistribution of radioelement con-
centration because of weathering processes [65].

The hydrothermally altered areas are underlain by granitic
rocks and this attests that the hydrothermal alteration process
is accompanied by granitic intrusions and emplacement of late
intrusive rocks which provide the heat energy for hydrothermal
solutions to deposit minerals along fractures or react with the
enclosing rock for hydrothermal alteration and mineralization.
The late intrusive rocks such as pegmatites, aplites and quartz
veins were emplaced along lineaments or fractures during Pan-
African Orogeny and can accompanied by granitization, chlori-
tization, sericitization, K-metasomatism, folding, faulting, etc.
[40, 42]. This is in agreement with the report of Arogundade et
al. [60] that areas with high structural complexity have a high
occurrence of porphyry features indicating a strong probability
for ore deposition. The porphyry features and hydrothermally
altered zones from the K/eTh ratio map showed more struc-
tural relationships that aided the migration of hydrothermal flu-
ids that react with rock formation for subsequent alteration [60].

The present study shows that the hydrothermally altered ar-
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eas occur within the granitic rocks as shown in Figures 5 to 11
using %K, eTh, eU and K/eTh ratio maps. The heat sources for
the hydrothermal alteration in the study area are suggested to
be magmatic and were associated with granitic intrusions and
emplacement of late intrusive rocks. This is in contrast to re-
ports of Ogunsanwo et al. [66] in southwestern Nigeria that
the radioelements depositions were found in sediment forma-
tion and were attributed to geomorphic activity such as weath-
ering, leaching, and intrusion. The three radioelements were
as well found to have their major deposit in sediment forma-
tion compared to basement and weathered basement formations
[66]. Catherine ef al. [67] reported on the assessment of ra-
dionuclide distribution and associated radiological hazards of
soils in Mayo-Belwa, Adamawa State and the aim was to mon-
itor their potential impact on human health. This is in contrast
to the present study where hydrothermal alteration and mineral
potential zones were of interest in the Bauchi area.

The areas with high %K concentrations coincide with
granitic rocks (Figure 5) and high %K anomaly areas were in-
terpreted as alteration zones according to Manu [52]. The high
K values in the study area indicate granitic rocks and this is in
agreement with the report of Mam et al. [68] that attributed very
high K values to older granitoids (undifferentiated Older gran-

ite and porphyritic rock) in the Gitata area, northcentral Nigeria.
The area with relatively high eTh concentration is underlain by
granitic and gneissic rocks (Figure 7) and the present study is
in agreement with the report of Mam et al. [68] where high eTh
concentration was attributed to migmatite around the north and
porphyritic granite around the northwest of Gitata Sheet 187,
northcentral Nigeria.

The regions with high eU values were underlain by granitic
rocks (Figure 9). This shows that high eU values were recorded
in granitic rocks compared to gneissic, metasedimentary and
sedimentary units. The hydrothermally altered area with a tick
blue line coincides with the granitic rocks (Figure 11). The
high K/eTh ratio indicates hydrothermally altered areas since
an increase in K and a decrease in eTh is a pointer for altered
zones in various ore deposits [S0] and signs of ore alteration
[48]. Mam et al. [68] delineated mineralized and hydrothermal
alteration zones in the Gitata area using radiometric data and
suggested that the hydrothermal alteration zones are predomi-
nance in undifferentiated older granites.

The regions with high %K (Figure 5), high eTh (Figure 7),
high eU (Figure 9) and high K/eTh ratio (Figure 11) coincide
with the granitic rocks indicating that hydrothermal alteration
and mineral potential zones are predominance in older granites
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and younger granites in the study area and granitic intrusions
provide the heat sources for hydrothermal fluids.

4. Conclusion

The regions with high %K, high eTh and high eU coincide
with the granitic rocks and this indicates that hydrothermal al-
teration and mineral potential zones are predominance in older
granites and younger granites.

The high K/eTh ratio indicates hydrothermally altered ar-
eas and high potassium concentrations are associated with al-
teration zones related to mineralization. This suggests that the
hydrothermal alteration zones are favourable areas for mineral-
ization in the study area.

The hydrothermally altered areas are underlain by granitic
rocks and this attests that the hydrothermal alteration process
is accompanied by granitic intrusions and emplacement of late
intrusive rocks which provide the heat sources for hydrother-
mal solutions along fractures for the formation of minerals or
react with the enclosing rock for hydrothermal alteration and
subsequent mineralization.

10

Acknowledgment

I write to acknowledge the contribution of the Nigerian Ge-
ological Survey Agency Abuja for the acquisition of aeroradio-
metric data for the research.

References

[1] O. Jerry, O. Friday & A. Akinsunmade, “Delineation of hydrothermally
altered zones that favour gold mineralization in Isanlu area, Nigeria using
aeroradiometric data”, International Annals of Science 2 (2017) 20. https:
//doi.org/10.21467/ias.2.1.20-27.

R. B. K. Shives, B. W. Charbonneau & K. L. Ford, “The detection of
potassic alteration by gamma-ray spectrometry-recognition of alteration
related to mineralization”, Geophysics 65 (2000) 2001. http://dx.doi.org/
10.1190/1.1444884.

A.J. Crawford, K. D. Corbett & J. L. Everard, “Geochemistry of the Cam-
brian volcanic hosted massive sulfide-rich Mount Read volcanics, Tasma-
nia, and some tectonic Implications”, Economic Geology 87 (1992) 597.
https://doi.org/10.2113/gsecongeo.87.3.597.

J. M. Franklin, O. R. Eckstrand, W. D. Sinclair & R. I. Thorpe, “Volcanic-
associated massive sulphide basemetals”, Geol. Surv. Can. 8 (1996) 158.
K. H. Poulsen & M. D. Hannington, “Volcanic-associated massive sul-
phide gold”, Geology of Canada 8 (1996) 183.

S. O. Elkhateeb & M. A. G. Abdellatif, “Delineation potential gold
zones in a part of Central Eastern Desert, Egypt using Airborne Mag-
netic and Radiometric data”, NRIAG Journal of Astronomy and Geo-
physics 7 (2018) 361. https://www.sciencedirect.com/science/article/pii/
S$2090997718300087.

(2]

3

—

[4

=

[3]
(6]



[7]

(8]

[91

[10]

(11]

[12]

[13]

[14]

(15]

[16]

(17]

[18]

[19]

[20]

(21]

[22]

Mamudu et al. / J. Nig. Soc. Phys. Sci. 7 (2025) 2193

A. M. Silva, A. C. B. Pires, A. Mccafferty, R. A. V. de Moraes & H. Xia,
“Application of airborne geophysical data to mineral exploration in the
uneven exposed terrains of the Rio Das Velhas Greenstone Belt”, Revista
Brasileira De Geociéncias 33 (2003) 17. https://www.scirp.org/reference/
referencespapers?referenceid=1510997.

D. D. Wemegah, K. Preko, R. M. Noye, B. Boadi, A. Menyeh, S. K. Dan-
uor & T. Amenyoh, “Geophysical interpretation of possible gold mineral-
ization zones in Kyerano, South-Western Ghana using aeromagnetic and
radiometric datasets”, Journal of Geoscience and Environment Protection
3 (2015) 67. https://doi.org/10.4236/gep.2015.34008.

M. B. McClenaghan, “Indicator mineral methods in mineral exploration”,
Geochemistry: Exploration Analysis 5 (2005) 233. https://doi.org/10.
1144/1467-7873/03-066.

M. O. Awoyemi, O. S. Hammed, S. C. Falade, A. B. Arogundade,
O. D. Ajama, P. O. Iwalehin & O. T. Olurin, “Geophysical investiga-
tion of the possible extension of Ifewara Fault Zone beyond Ilesa Area,
Southwestern Nigeria”, Arabian Journal of Geosciences 10 (2017) 27.
http://dx.doi.org/10.1007/s12517-016-2813-z.

A. M. Eldosouky, M. Abdelkareem & S. O. Elkhateeb, “Integration of
remote sensing and aeromagnetic data for mapping structural features and
hydrothermal alteration zones in Wadi Allaqi area, South Eastern Desert
of Egypt”, Journal of African Earth Sciences 130 (2017) 28. https://doi.
org/10.1016/j.jafrearsci.2017.03.006.

S. A. Meshkani, B. Mehrabi, A. Yaghubpur & M. Sadeghi, “Recognition
of the regional lineaments of Iran: Using geospatial data and their impli-
cations for exploration of metallic ore deposits”, Ore Geology Reviews
55 (2013) 48. https://doi.org/10.1016/J.OREGEOREV.2013.04.007.

0. O. Osinowo, K. Alumona & A. I. Olayinka, “Analyses of high res-
olution aeromagnetic data for structural and porphyry mineral deposit
mapping of the Nigerian younger granite ring complexes, North-Central,
Nigeria”, Journal of African Earth Sciences 162 (2019) 103705. http:
//dx.doi.org/10.1016/j.jafrearsci.2019.103705.

S. O. Sanusi & J. O. Amigun, “Logistic-based translation of orogenic
gold forming processes into mappable exploration criteria for fuzzy logic
mineral exploration targeting in the Kushaka Schist Belt North-Central,
Nigeria”, Natural Resources Research 10 (2020) 1007. https://doi.org/10.
1007/s11053-020-09689- 1.

0.D. Ajama, O. S. Hammed, S. C. Falade, A. B. Arogundade, O. M. Ola-
sui, F. A. Olayode, O. T. Olurin & M. O. Awoyemi, “Hydrocarbon poten-
tiality of Bida Basin from high resolution aeromagnetic data” Petroleum
and Coal 59 (2017) 991. https://eprints.Imu.edu.ng/id/eprint/3487.

M. O. Awoyemi, A. B. Arogundade, S. C. Falade, E. A. Ariyibi, O. S.
Hammed, O. A. Alao & G. C. Onyedim, “Investigation of basement fault
propagation in Chad Basin of Nigeria using high resolution aeromagnetic
data”, Arabian Journal of Geosciences 9 (2016) 453. https://link.springer.
com/article/10.1007/s12517-016-2465-z.

E. Holden, S. C. Fu, P. Kovesi, M. Dentith, B. Bourne & M. Hope, “Auto-
matic identification of responses from porphyry intrusive systems within
magnetic data using image analysis”, Journal of Applied Geophysics 74
(2011) 255. http://dx.doi.org/10.1016/j.jappgeo.2011.06.016.

A. O. Omotehinse & B. D. Ako, “The environmental implications of the
exploration and exploitation of solid minerals in Nigeria with a special
focus on Tin in Jos and Coal in Enugu”, Journal of Sustainable Mining 18
(2019) 18. https://doi.org/10.1016/j.jsm.2018.12.001.

N. Olasunkanmi, O. Bamigboye, O. Saminu, N. Salawu & T. Bamidele,
“Interpretation of high resolution aeromagnetic data of Kaoje and its envi-
rons, western part of the Zuru Schist belt, Nigeria: implication for Fe—-Mn
occurrence”, Heliyon 6 (2018) 2. https://www.cell.com/heliyon/fulltext/
S2405-8440(20)30165-1.

N. G. Obaje, Geology and resources of Nigeria 120 lectures notes
in Earth Sciences, Springer-Verlag, 2009. https://www.amazon.com/
Geology-Mineral-Resources-Nigeria-Sciences/dp/3540926844.

S. C. Odewumi, A. A. Aminu, A. Momoh & J. A. Bulus, “Envi-
ronmental impactof mining and pedogeochemistry of Agunjin area,
southwestern Nigeria”, International Journal of Earth Sciences and
Engineering 8 (2015) 558. https://www.researchgate.net/publication/
286469485 _Environmental -impact_of_mining_and_pedogeochemistry -
of _Agunjin_area_southwestern_Nigeria.

A. Momoh, E. P. Rotji, S. C. Odewumi, M. Opuwari, O. J.
Ojo & A. Olorunyomi, ‘“Preliminary investigation of trace el-
ements in Acid Mine Drainage from Odagbo Coal Mine,

11

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

11
northcentral,  Nigeria”, Journal of Environment and Earth
Science 7 (2017)  90.  https://www.semanticscholar.org/paper/

Preliminary-Investigation- of- Trace- Elements-in- Acid-Momoh-Rotji/
85e1118fb43f8ac62325669b71cfa81f012a08dd.

S. C. Odewumi, O. Q. Ajegba, J. A. Bulus & 1. Ogbe, “Assessment of
heavy metal contaminations of soils from dumpsites in Jos Metropolis,
Plateau State, Nigeria”, Fulafia Journal of Science and Technology 6
(2020) 37. https://lafiascijournals.org.ng/index.php/fjst/article/view/182.
S. C. Odewumi, I. D. Yohanna, J. A. Bulus & I. Ogbe, “Geochemical
appraisals of elemental compositions of stream sediments and some veg-
etables at Village Hostel University of Jos”, Nigerian Annal of Pure and
Applied Science 3 (2020) 77. https://doi.org/10.46912/napas.150.

S. C. Odewumi & B. P. Omoniwa, “Geogenic and anthropogenic sources
of heavy metals contamination of soils from selected dumpsites in Jos,
Plateau State, Nigeria”, Nigerian Journal of Technology 43 (2024) 208.
https://www.nijotech.com/index.php/nijotech/article/view/3647.

J. E. Lagasi, F. G. Mije, B. Abdulrahman, M. M. Basu & A. Bello, “Esti-
mation of ground water potentials in Bauchi Metropolis, Bauchi State,
Nigeria”, International Journal of Innovation Engineering and Science
Research 7 (2023) 23. https://www.ijiesr.com/liebrary/e39/932424999.
pdf.

H. M. Imam, S. E. Obrike & O. S. Ayanninuola, “Groundwater investi-
gation using vertical electrical sounding in Sabon Kaura, Bauchi State,
Nigeria”, (2024). .

S. M. Babagana & S. Sharma, “Groundwater quality assess-
ment in Bara, Bauchi State, using geophysical and hydro-
chemical approach”, A Journal of Research in Science and Tech-
nology 3 (2021) 191. https://www.researchgate.net/publication/
362218993 _Groundwater_quality _assessment_in_Bara_Bauchi_State_
using_geophysical_and_hydro-chemical_approach.

A. Magaji, B. Kwaji, I. A. Adamu & M. Rabiu “Geotechnical investi-
gation of probable aquifers using electrical resistivity method in Sabon
kaura Bauchi (Northern Nigeria)”, The International Journal of Engineer-
ing and Science 7 (2018) 72. https://www.researchgate.net/publication/
378343188 _Geotechnical _Investigation_of _Probable_Aquifers_Using_
Electrical_Resistivity_Method_inSabonkauraBauchiNorthern_Nigeria.

A. L. Jibrin, Y. Abdulmumin, A. Lawal, L. I. Kariya, F. Saidu & H. Y. Mo-
hammed, “Gold exploration using aeromagnetic method in Bauchi North
East Nigeria” International Journal of Earth Sciences Knowledge and
Applications 5 (2023) 363. https://dergipark.org.tr/en/pub/ijeska/issue/
82712/1419492.

A. Lawal, O. A. Fashae, A. L. Jibrin & Y. Abdulmumin, “Analysis of
high-resolution aeromagnetic data of geological transition zones of the
southeastern part of Bauchi, NE Nigeria”, Journal of Pure and Applied
Sciences 22 (2022) 259. https://www.bibliomed.org/?mno=116556.

1. G. Odidi, A. Mallam & N. Nasir, “Depth to magnetic sources determi-
nation using Source Parameter Imaging (SPI) of Aeromagnetic Data of
Parts of Central and North-Eastern Nigeria: A Reconnaissance Tool For
Geothermal Exploration in the area”, Science World Journal 15 (2020)
19. https://www.ajol.info/index.php/swj/article/view/203021.

I. A. Abubakar, N. Kure, H. I. Daniel, C. G. Afuwai & N. Auwal, “De-
termination of geothermal potential in Yankari Game Reserve, Bauchi
State, Nigeria”, FUDMA Journal of Sciences 7 (2023) 103. https:/fjs.
fudutsinma.edu.ng/index.php/fjs/article/view/1254.

1. B. Oshilike, A. I. Haruna & T. J. Onuorah, “Petrographic and structural
characters of the basement units In Kura Area, Northeastern Nigeria”,
International Journal of Advanced Research and Publications 3 (2019)
53. https://www.ijarp.org/online-papers-publishing/mar2019.html.

I. Yahuza, A. I. Haruna & B. Isah, “Geology and petrography of
schlieren cum nebulites from Bauchi, Northeastern Nigeria”, Interna-
tional Research Journal of Earth Sciences 9 (2021) 1. https://www.isca.
me/EARTH_SCI/Archive/v9/il/1.ISCA-IRJES-2020-003.pdf.

N. E. Bassey & H. N. Unachukwu, “Geological analysis of ground ra-
diometric survey data of Hong hills, Hawal basement complex, N. E.
Nigeria”, Journal of Geology and Mining Research 11 (2019) 22. https:
//academicjournals.org/journal/JGMR/article- full-text/ES6FSE860650.
M. O. Oyawoye, “Bauchite: a new variety in the quartz monzonitic se-
ries”, Nature 205 (1965) 689. https://www.nature.com/articles/205689a0.
0. A. Dada, E. C. Ashano & S. Iyakwari, “On the chemistry and geother-
mobarometry of amphiboles of charnockites from Bauchi and Sami-
naka,Northcentral Nigeria: Genetic Implications”, International Journal



(39]

(40]

[41]

(42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

[52]

(53]

Mamudu et al. / J. Nig. Soc. Phys. Sci. 7 (2025) 2193

of Basic and Applied Chemical Sciences 2 (2012) 38. .

1. V. Haruna, “Lithology and field relationships of the granitoids of Bauchi
District, Northeastern Nigeria”, International Research Journal of Earth
Sciences 4 (2016) 31. https://www.isca.in/EARTH_SCI/Archive/v4/i6/4.
ISCA-IRJES-2016-013.php.

S. C. Odewumi & V. O. Olarewaju, “Petrogenesis and geotectonic
settings of the granitic rocks of Idofin-osi-eruku Area, Southwestern
Nigeria using trace element and rare earth element geochemistry”,
Journal of Geology & Geosciences 2 (2013) 1. https://www.researchgate.
net/publication/314551110_Petrogenesis_and_Geotectonic_Settings_of
the_Granitic_Rocks_of _Idofin-osi-eruku_Area_Southwestern_Nigeria_
using_Trace_Element_and_Rare_Earth_Element_Geochemistry

S. C. Odewumi, “Mineralogy and geochemistry of geophagic clays from
Share Area, Northern Bida Sedimentary Basin, Nigeria”, Journal of Ge-
ology & Geosciences 2 (2013) 108. https://colab.ws/articles/10.4172%
2F2329-6755.1000108.

S. C. Odewumi, “Geological settings and geochemistry of younger
granitic rocks from Kuba area, Ropp complex, northcentral Nigeria”,
FUPRE Journal of Scientific and Industrial Research 4 (2020) 9. https:
//journal.fupre.edu.ng/index.php/fjsir/article/view/98.

J. F. Truswell & R. N. Cope, “The geology of the parts of Niger
Nd Zaria provinces, Northern Nigeria”, Geological survey Nigeria Bull
29 (1963) 1. https://books.google.com.ng/books/about/The_Geology _of -
Parts_of _Niger_and_Zaria.htm1?id=2wZ5PQAACAAJ&redir_esc=y.

S. C. Obiora, Field descriptions of hard rocks with examples from the
Nigerian basement complex, Snap Press (Nig.) Ltd. Enugu, 2005, pp. 1-
14.

A. E. Annor, “U-Pb zircon age of Kabba-Okene granodiorites gneiss:
Implications for Nigeria’s basement chronology”, Afr. Geosci. Re-
view 2 (1995) 101. https://www.scirp.org/reference/referencespapers?
referenceid=634717.

M. A. Rahaman, “Review of the basement geology of S.W Nigeria”, Ge-
ology of Nigeria 1 (1988) 39. https://www.sciepub.com/reference/51956.
D. Dahuwa, W. Umar, M. Sani & L. Abba, “Aeromagnetic data analy-
sis of Tafawa Balewa area using second vertical derivative and analytic
signal techniques”, IOSR Journal of Applied Geology and Geophysics 6
(2018) 25. https://iosrjournals.org/iosr-jagg/papers/Vol.%206%201ssue%
201/Version-1/D0601012532.pdf.

E. S. Akanbi & E. K. Makama, “Application of Least Squares
Method (LSM) in the separation of aeroradiometric anomalies of
Naraguta area, Sheet 168, North Central Nigeria”, Nigerian Journal
of Physics 22 (2011) 53. https://www.researchgate.net/publication/
343892909_Application_of _Least_Squares_Method_LSM_in_the_
Separation_of _Aeroradiometric_Anomalies_of _Naraguta_Area_Sheet_
168_North_Central_Nigeria_Qualification.

I. A. Elawadi, A. A. Ammar & A. Elsirafy, Mapping surface geology us-
ing airborne gamma-ray spectrometric survey data—a case study, Pro-
ceedings of the 7th SEGI International Symposium-Imaging Technol-
ogy, Sendai, Japan, 2004, pp. 349-354. .

E. A. Ostrovskiy, “Antagonism of radioactive elements in wallrock alter-
ation fields and its use in aero-gamma spectrometric prospecting”, Inter-
national Geology Review 17 (1975) 461. https://www.scirp.org/reference/
referencespapers?referenceid=1510998.

N. Maden & E. Akaryali, “Gamma ray spectrometry for recognition of
hydrothermal alteration zones related to a low sulfidation epithermal gold
mineralization (eastern Pontides, NE Tiirkiye)”, Journal of Applied Geo-
physics 122 (2015) 74. https://doi.org/10.1016/j.jappgeo.2015.09.003.

J. Manu, Gold deposits of Birimian greenstone belts in Ghana: hy-
drothermal alteration and thermodynamic, PhD Thesis, Braunschweiger
Geologisch-Palaontologische Dissertationen, Braunschweig, 1993.
https://books.google.com.ng/books/about/Gold _Deposits_of Birimian_
Greenstone_Bel.html?id=paBNAQAAIAAJ &redir_esc=y.

M. D. Tawey, A. A. Abbass, D. U. Alhassan, A. A. Rafiu, A. K Salako
& E. E. Udensi, “Aeroradiometric data assessment of hydrothermal alter-
ation zones in parts of North Central Nigeria”, Asian Journal of Geolog-
ical Research 4 (2021) 1. https://journalajoger.com/index.php/AJOGER/
article/view/63.

12

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

12

EL. Abd & S. H. Nabi, “Role of _-ray spectrometry in detecting potassic
alteration associated with Um Ba’anib granitic gneiss and metasediments,
G. Meatiq area, Central Eastern Desert, Egypt”, Arab. J. Geosci. 6 (2013)
1249. https://link.springer.com/article/10.1007/s12517-011-0378-4.

B. L. Dickson & K. M. Scott, “Interpretation of aerial gamma ray surveys
adding the geochemical factors”, AGSO J. Austral. Geol. Geophys. 17
(1997) 187. https://www.osti.gov/etdeweb/biblio/499122.

M. A. El-Sadek, “Radiospectrometric and magnetic signatures of a gold
mine in Egypt”, Journal of Applied Geophysics 67 (2009) 34. https://doi.
org/10.1016/j.jappgeo.2008.08.012.

R. B. K. Shives, B. K. Charbonneau & K. L. Ford, “The detection
of potassic alteration by gamma ray spectrometry recognition of alter-
ation related to mineralization, in Exploration”, Fourth Decennial Intern.
Conf. Mineral Exploration 97 (1997) 345. https://library.seg.org/doi/abs/
10.1190/1.1444884.

R. M. Moxham, R. S. Foote & C. M. Bunker, “Gamma-ray spectrometer
studies of hydrothermally altered rocks”, Economic Geology 60 (1965)
653. https://doi.org/10.2113/gsecongeo.60.4.653.

R. Bennett, Exploration of hydrothermal mineralisation with airborne
gamma-ray spectrometry, Journal of Geochemical Exploration, Cana-
dian Institute of Mining and, Metallurgy, Spec., 1971, pp. 1-11. https:
//inis.iaea.org/search/search.aspx?orig_.q=RN:3016482.

A. B. Arogundade, M. O. Awoyemi, O. D. Ajama, S. C. Falade, O. S.
Hammed, O. A. Dasho & C. A. Adenika, “Integrated aeromagnetic and
airborne radiometric data for mapping potential areas of mineralisation
deposits in parts of Zamfara, North West Nigeria”, Pure Appl. Geophys.
179 (2021) 351. https://doi.org/10.1007/s00024-021-02913-w.

D. Appiah, Aeromagnetic and airborne radiometric data interpretation
on Chirano area of the Sefwi Gold belt, A PhD Thesis, Department
of Physics Kwame Nkrumah University, 2015. https://ir.knust.edu.gh/
handle/123456789/7977.

S. C. Odewumi, J. I. D. Adekeye & O. J. Ojo, “Trace and
rare earth elements geochemistry of Kuba (Major porter) and
Nahuta clays, Jos Plateau, northcentral Nigeria:  Implications
for Provenance”, Journal of Mining and Geology 51 (2015) 71.
https://www.researchgate.net/publication/385001543 _Trace_and_rare_
earth_elements_geochemistry_of _Kuba_Major_porter_and_Nahuta_clays_
Jos_Plateau_northcentral_Nigeria_Implications_for_Provenance.

S. C. Odewumi, M. A. Onimisi, M. O. Adeoye, A. N. Changde & B.
T. Omoyajowo, “Palacoweathering, provenance and hydrothermal al-
teration characteristics of Nahuta Clay, Jos-Plateau, Northcentral Nige-
ria”, Journal of Environmental and Earth Sciences 6 (2024) 164. https:
//doi.org/10.30564/jees.v6i2.6286.

S. C. Odewumi, “A Preliminary paleoclimatic assessment and geo-
chemical weathering characteristics of Isan clays Southwestern Nigeria:
Implications for Palacoweathering Proxy”, African Journal of Natu-
ral Sciences 22 (2019) 41. https://www.researchgate.net/publication/
383213202_A_PRELIMINARY _PALAEOCLIMATIC_ASSESSMENT_
AND_GEOCHEMICAL_WEATHERING_CHARACTERISTICS_OF_
ISAN_CLAYS_SOUTHWESTERN_NIGERIA _IMPLICATIONS_FOR_
PALAEOWEATHERING_PROXY.

A. A. Adepelumi & A. H. Falade, “Combined high-resolution aero-
magnetic and radiometric mapping of uranium mineralization and tec-
tonic settings in Northeastern Nigeria”, Acta Geophysica 65 (2017) 1043.
https://link.springer.com/article/10.1007/s11600-017-0080-3.

F.O. Ogunsanwo, J.A. Olowofela, I.C. Okeyode , O.A. Idowu & O.T.
Olurin, “Aeroradiospectrometry in the spatial formation characteriza-
tion of Ogun State, south-western, Nigeria”, Scientific African 6 (2019)
€00204. https://doi.org/10.1016/j.sciaf.2019.e00204.

1. Catherine, O. C. Meludu, O. P. Idowu, D S. Olaniyan & K. E. Adesina,
“Assessment of radionuclide distribution and associated radiological haz-
ards of soils in Mayo-Belwa, Adamawa State”, Recent Advances in Nat-
ural Sciences 1 (2023) 25. https://doi.org/10.61298/rans.2023.1.2.25.
D.T. Mam, E. U. Emmanuel, A. A. Abbass, & D. A. Usman , “The delin-
eation of mineralization and hydrothermal alteration zones in Gitata sheet
187, northcentral Nigeria”, Kada Journal of Physics 2 (2019) 74.


http://www.tcpdf.org

