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A B S T R A C T

Gold mining is a significant driver of wealth, serving as a reliable store of value against currency decline and a favoured hedge
against inflation. Regions with hydrothermal alteration are key indicators of gold mineralization, and certain mapping techniques
have proven effective for identifying these zones. However, these techniques have not yet been applied within the Birnin Gwari
Schist Belt. This study used these established techniques to examine the spectrometric data over a known gold mine within the belt.
The findings reveal that the gold mine area shows moderate potassium levels with low thorium and uranium readings, indicating
hydrothermal alteration. Additionally, a region northwest of the mine may have undergone a similar alteration, suggesting a potential
gold mine (PGM). The ternary map indicates the location of both the gold mine and PGM have high potassium concentrations. Both
sites also record high potassium deviation (Kd) values, consistent with potassic alteration. The computed parameter value for the
gold mine and PGM suggests their rock formations have undergone moderate alteration.
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1. INTRODUCTION
The pivotal role played by gold in stabilizing currencies andman-
aging economic certainty remains undisputed. It is a safe-haven
asset during financial crises, preserving wealth and its market
dynamics influence investment strategies [1]. In Nigeria, gold
occurs in placer deposits, i.e., a collection of valuable minerals
that have been concentrated by gravity and erosion and are often
found in riverbeds, alluvial fans and beaches. Gold in the west-
ern half of Nigeria are in primary veins with supracrustal zones,
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schist belts [2].
The primary mineralization of gold is associated with veins,

stringers, lenses, and reefs of rocks with mineralogical composi-
tion ranging from quartz to quartzo-feldspathic, and to quartzo-
tourmalinitic minerals [3]. Schist belt veins are fractures in the
schist that can host gold and other mineral deposits. About 12 no-
table schist belts are identified in western Nigeria; Zuru, Anka,
Maru, Wonaka, Kazure, Karaukarau, Kushaka, Zungeru-Birnin
Gwari, Iseyin-Oyan, Ife-Ilesha, Igarra and Egbe-Isanlu [3–5], not
all the schist belts host gold mineralization in Nigeria. Kushaka,
Zuru, Egbe-Isanlu, Ilesha, and Birnin Gwari schist belts are no-
table for gold mineralization [3]. The setting and geochemical
character of the gold mineralization at Tsohon Birnin Gwari are
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similar to what have been reported from the Brinin Yauri area
(Zuru schist belt) of northwestern Nigeria and many areas of
Archaean and younger mesothermal gold mineralization in the
world [2].
Zungeru-Minna-Brinin Gwari has been considered an impor-

tant schist belt due to the presence of gold deposits, thus, at-
tracting the attention of several researchers on gold exploration
[2, 6, 7], [8]. The main characteristics of the gold mineraliza-
tion around Dikko, part of the Birnin Gwari schist belt, appear to
indicate hydrothermal mineralization in connection with shear
zones [7]. The associated quartz veins are generally concordant
with the main N-S regional structural trend. Abdullahi et al. [6]
attributed elevated resistivity in the gold deposit at Bogai town
in Birnin Gwari to silicification and related a high-resistivity
anomaly at a depth greater than five meters (5 m) with well-
defined patterns observed in the 3D resistivity model to the min-
eralization of gold-bearing quartz veins, trending in the NW and
NE direction. However, mapping potassic alteration within the
Brinin-Gwari schist belt is necessary as Potassium concentration
is often present alongside sulphide which is one of the scrub-
ber elements of gold in the sericite zone [9]. An alteration zone
could be delineated by K or eTh/K as an anomaly indicator, and
the vein bodies could also be delineated using low K or eTh as
an anomaly indicator [10].
This research focused on identifying location with potentials

for gold mineralization through the transformation of radioele-
ments. Some techniques, (K/eTh, Kd and ternary images) were
used in highlighting Potassic alterations related to gold mineral-
ization within the Brinin Gwari schist belt and their impacts on
knownmining site was observed and then utilized to identify pos-
sible gold mines in the study area. Thus, making the techniques
veritable tools in the precise target of gold deposits in other areas.

1.1. GEOLOGY OF THE STUDY AREA
The Birnin-Gwari gold deposit is located in the north-western
axis of Kaduna state bounded by the geological coordinates, lat-
itude 10.667°N and longitude 6.533°E. The geological setting
of Birnin-Gwari is characterized by two geological terrains, the
basement complex and the schist belts. The basement complex
is overburdened by gently immersed cretaceous sediments of the
lullemmeden basin in the northwest while the schist belts are sec-
tioned into two main categories. The Kusshaka Schist Belt (Fig-
ure 1), which extends across the Birnin-Gwari basin, consists of
coarse- to fine-grained igneous rocks, predominantly phyllites
and iron formations [2].

2. MATERIAL AND METHOD
2.1. MATERIALS USED FOR THIS STUDY
The primary materials used for this study are aero-radiometric
data (between sheets 121, 122, 142, and 143), and Oasis
MontajTM software. The Data was obtained from Nigerian Geo-
logical Survey Agency (NGSA).

2.2. DATA ACQUISITION
The data were acquired by attaching a spectrometer to an aircraft
or, less frequently, helicopters. Fixed-wing aircraft fly in a grid-
like pattern at a predetermined altitude, velocity, and line spacing

Figure 1. Geology map of Birnin Gwari.

to acquire airborne radiometric data. To achieve the required res-
olution, the survey area must be significantly bigger than the tar-
get area and the line spacing must be thick enough [11]. Gamma
energy is measured by onboard sodium iodide scintillation coun-
ters, and GPS position data is stored in the digital data stream.
Depending on the speed of the aeroplane, channels for the overall
gamma count, U, Th, and K are individually accumulated, often
at one-second intervals that equate to 30 to 60 meters across the
ground. Maps displaying the total count and specific radioiso-
tope concentrations (equivalents for U and Th) are produced after
the data are corrected for flight height, air temperature, humidity,
cosmic noise, Compton scattering, and radon effects.
The airborne radiometric data used in this study (longitude

6.25◦E – 6.75◦E, and latitude 10.40◦N – 10.90◦N). The airborne
radiometric dataset obtained fromNGSAwas part of the airborne
survey carried out between 2005 and 2009 by Fugro on behalf of
NGSA. The data were acquired and obtained at an altitude of 100
m along with a flight line spacing of 500 m oriented in NW-SE
and a tie line spacing of 2000 m. The maps are on a scale of
1:100,000 and half-degree sheets [11].

2.3. METHOD
A thorough understanding of the effects of silicification,
potassium–alteration (K-alteration), weathering processes and
local lithological variations is required to evaluate the miner-
alization potential associated with the radioelement anomalies
in regards to hydrothermal alteration [12]. Thus, it is essential
to isolate areas of Potassium enrichment caused by hydrother-
mal alteration from other processes; weathering, leaching and
weathering activities, to identify hydrothermally altered areas.
To achieve this,
i. Ratios of radioelements: Areas enriched in Potassium are
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combined in ratios with equivalent Thorium and Uranium con-
centrations (eTh and eU). The abundance ratios (K/eTh and
K/eU) are often more diagnostic of changes in rock types and
mineralogical changes caused by hydrothermal alteration [13].

ii. Ternary map: It facilitates various displays of different ra-
dioelements’ data which are correlative in the same area: The
ternary map is often used to get an indication of radioactivity dis-
tributions and, consequently, enables narrowing down favorable
target areas for hydrothermal alteration associated with orogenic
gold mineralization. This was facilitated by the combination of
concentrations of K, eTh, and eU.

iii. F-parameter: To evaluate the possibility of the gamma ray
spectrometric method characterization of areas of change linked
with hydrothermal occurrences in the study area, the F-parameter
was used. Due to two substantial correlations between the rich-
ness of K and the eTh/K ratio and the richness of eU and the
eTh/K ratio, the F-parameter is particularly crucial in hydrother-
mal alteration mapping, equation (1) [14]:

F =
K × eU
eTh

. (1)

As a reflection of the Th/U ratio and the concentration of potas-
sium, the F-parameter is a crucial marker of hydrothermal alter-
ation in rocks [15]. This is particularly important in distinguish-
ing hydrothermally altered areas by eliminating processes other
than hydrothermal alteration by the ratio combinations of K, eTh
and eU. Hence, high anomaly is regarded as hydrothermally al-
tered areas [16].

iv. Potassium deviation (Kd): It was proposed by Ref. [17]
and has been found appropriate in delineating hydrothermal al-
teration haloes related to orogenic gold mineralization prompt-
ing its application in the study area. Based on the method pro-
posed by Refs. [17, 18], the nominal K value (Kn) in relation to
the equivalent Thorium (eTh) concentration was extracted from
equation (2) [14]:

Kn =
(
Kmap average
Thmap average

)
Thmap. (2)

Deviation from the nominal K values (Kd) were thought to sig-
nify potassium enrichment levels as they were obtained through
hydrothermal alteration processes as obtained in equation (3)
[14]:

Kd =
(
K − Kn
Kn

)
. (3)

Note: High K/eTh, high F–parameter and high Kd values are
indicative of hydrothermally altered zones accentuated by Potas-
sium enrichment.

3. RESULT AND DISCUSSION
High Potassium anomaly over felsic rocks and intrusives such
as granitoids are attributable mainly to high K–feldspar content.
Thus, Potassium radiation is mainly due to K-feldspar, especially
microcline and orthoclase ormicas such asmuscovite and biotite,
which are common in granites and are relatively low in basalts
and andesites. Hydrothermal alteration is associated with high
heat content, which in turn is associated with felsic rocks and

Figure 2. K concentration map of the study area.

Figure 3. Th concentration map of the study area.

Figure 4. U concentration of the study area.

granitoids, proxies to heat source [9]. Therefore, regions exhibit-
ing high potassium concentrations near granitoids – such as por-
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Figure 5. K/Th map of the study area.

Figure 6. K/U map of the study area.

phyritic granite, granite gneiss, and migmatite gneiss – are po-
tential hydrothermally altered zones [2, 19]. Moreover, regions
of high concentration of Potassium counts are indicative of the
migration of Potassium since Potassium is more geochemically
active than other radioelements. As such, areas of potassic alter-
ation leading to orogenic gold formation are suspected in regions
where there are very high and high counts of Potassium concen-
trations [9].
The Potassium distribution of this study area vary from

0.425% to 3.908% (Figure 2), as compared to that of Ife-Ilesha
schist belt which vary from 0.152 to 3.562 %, reflects hetero-
geneity in the lithological distribution and variation in the re-
sponse to geological processes in this study area. The mine site
exhibits a high potassium concentration (1.343%). Similar potas-
sium concentrations are found in the region delineated by a cir-
cle, NW of the mine site, suggesting potassic alteration that may
be linked to gold mineralization. A NE trending linear structure
was observed around the mine site, which is consistent with the
imprints of the pan-African orogeny [20, 21].
Thorium depletion is associated with hydrothermally altered

Figure 7. Ternary map of the study area.

Figure 8. Kd map of the study area.

areas [9]. It is noteworthy that Thorium is commonly considered
very immobile [18], thus the areas with low eTh concentration
suggest that it was mobilized in hydrothermally altered systems
since Thorium depletion is associated with hydrothermally alter-
ation [9]. The distribution of thorium and uranium vary from
5.735 to 34.793 ppm and from 0.352 to 6.649 ppm respectively.
The concentration of thorium and uranium around themining site
and the circled region is low, see Figures 3 and 4, respectively.
To isolate regions that have undergone hydrothermal alter-

ation, high anomalies from the ratio maps of potassium with tho-
rium and potassium with uranium are thus, useful in delineating
hydrothermally altered zones [9, 12, 15, 22]. The ratio maps,
Figures 5 and 6, revealed the mining site and circled region (a
possible hydrothermally altered zone which could be associated
with gold mineraliztion) are characterized by high anomalies.
Traditionally, ternary map of the radioelements (K, eU and

eTh) channels (Figure 7) provides supplementary information as
compared to individual channel maps [23]. Dark coloration on
the map is indicative of zones where there is high concentration
of K, eTh and eU. The enrichment of eTh, eU and the impoverish-
ment of K in those areas does not reveal the effect of hydrother-
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Figure 9. F-parameter map of the study area.

mal alteration process. Similarly, regions with light colouration
as a result of low concentration of K, eTh and eU does not repre-
sent alteration [9]. However, locations with dominance of K con-
centration, such as the mining site and the circled region (Figure
7), are indicative of hydrothermal alterations.

Saunders et al. [17] proposed the Kd (potassium anomalies)
map which provides variable distribution of potassium to isolate
hydrothermally altered areas represented by anomalously high
Kd values [16]. The ability of the Kd map to delineate probable
hydrothermally altered areas is due to the ratio combination of
K and eU, making it a veritable means of identifying hydrother-
mally altered areas. Figures 8 shows that the mining site and the
circled region are characterized by high Kd values which is an in-
dication of hydrothermal alteration in the region, agreeing with
results of Figures 2 – 7. Similar finding was reported around
known hydrothermally altered regions in Ife-Ilesha Schist Belt
[9].

The F–parameter map of the study area shows anomaly values
ranging from -1.064 to 2.096. However, highly altered rocks are
always indicated with F–parameter values in the range of 2 –
5 and sometimes reaching 10, while moderate to intermediate
altered rocks have anomaly values in the range of 0.5 and 2 [12].
Hence, the mining site and the circled region are observed to be
of moderate/intermediate altered rocks (Figure 9).

4. CONCLUSION
The primary focus of this was to identify location with potentials
for gold mineralization through the transformation of radioele-
ments. The adopted techniques in this research was known to be
very effective in mapping alteration zones around the Ife-Ilesha
schist belt. The results indicated that the goldmine area has mod-
erate potassium levels with low thorium and uranium readings,
indicating hydrothermal alteration. Additionally, a region north-
west of the mine may have undergone a similar alteration, sug-
gesting a potential gold mine (PGM). The ternary map indicates
the location of both the gold mine and PGM have high potas-
sium concentrations. The mining site within Birnin Gwari schist
belt has undergone hydrothermal alteration and also the rocks

around the site experienced moderate alteration. Additionally, a
potential gold-bearing site was identified using these techniques,
highlighting their value for future explorations.

DATA AVAILABILITY
The Data is available on the website of Nigeria Geologic Survey
Agency (NGSA). https://ngsa.gov.ng.
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