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ABSTRACT

Ground radiometric survey carried out at Gaya North-Western Nigeria using Portable 
Gamma-ray Spectrometer confirmed, characterized the observed anomalies in Aero-
spectrometric map and then correlated with Geological map. The area lies between 
Longitude 9° 21' 5.63"-9° 21' 38.57" and Latitude 11° 44' 10.59"-11° 44' 43.53". Twenty 
one profiles each 1 km long and 50 m apart were laid having total of 441 stations. Station 
coordinates were identified by global positioning system. The meas time was set at 3 min-
utes for valid order of 0.1% for K and 1 ppm for eU and eTh concentration. Both map 
grids and statistical analysis was applied to the acquired data. The research revealed mean 
concentration of the radioelements-U, Th, and K as 17.527 ppm, 59.06 ppm, and 4.1092%, 
respectively, in the order of (Th > U > K), absorbed does rate values ranging from 33.45 to 
676.49 nGyph−1 with average value of 48.3 nGyph-1 is lower than the world average value. 
Correlation of 0.9, 0.8, and 0.82 for (238U and 232Th), (40K and 238U), and (232Th and 40K), 
respectively, were obtained. The research identified rocks associated with these radioele-
ments, thorium being major source of radioactivity and serve as awareness to the citizens.
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1. Introduction

Radioactivity, as the emission of ionizing radiation or 
particles caused by the spontaneous disintegration of 
atomic nuclei, has become of considerable economic 
importance. The most useful of these radiations in 
radiometric survey are gamma radiations. They are 
usually among the decay products of radioactive 
elements, such as Uranium, Thorium, and Potassium 
(K-40). However of all known radioactive elements, only 
those of Uranium, Thorium, and Isotopes of Potassium 
(K-40) are of importance in geologic mapping and min-
eral exploration (Orgun et al., 2007). The rest are either 
so rare or so weakly radioactive or both as to be of no 

significance in applied geology. Radiometric surveying 
came into lime light with the demand for uranium in 
nuclear technology and associate minerals in uranium 
core. Terrestrial radiations can be dangerous to both 
human and environmental health although the danger 
depends on the amount and type of energy released by 
the atoms. The actual amount of these terrestrial radi-
ations in the environment depends on many factors, 
including the local geological composition of the soils/
rocks (El-Arabi et al., 2006). Two major natural radio-
nuclides: uranium (U-238), thorium (Th-232), and the 
radioactive isotope of potassium (K-40), have been 
identified as the major sources of these radiations in 
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the environment. These primordial radionuclides are 
the dominant sources of both indoor and outdoor radi-
ations in the environment. Additionally, the environ-
ment do occasionally receive small doses of radiations 
from extra-terrestrial and artificial (e.g., application of 
phosphate fertilizer, atomic weapon etc.) sources also.

1.1. Study objective

The regional airborne spectrometric map produced 
by Hunting Geology and Geophysics LTD (1975), the 
aero spectrometric map of Gaya sheet 82 shows some 
radiometric anomalies as in; amplitude of Potassium 
anomaly is 14 m, amplitude of Uranium anomaly is 
23 m, amplitude of Thorium anomaly is 31 m, and 
Total Count have an amplitude of 345 m in some part 
of Dutse LGA Jigawa State. Since there has been no 
ground radiometric survey to confirm the potentials 
of uranium, thorium, and potassium mineralization in 
the area under the study as observed on the airborne 
spectrometric map. The present work can, therefore, 
be considered as the first ground radiometric inves-
tigation to confirm the occurrence or otherwise of 
radioelements’ mineralization and characterize such 
areas. Findings from this work therefore shed more 
light on the potentials of uranium mineralization in 
the study area and in general to the knowledge of ura-
nium occurrences in Nigeria, areas of most promising 
uranium mineralization are delineated.

2. Materials and Methods

2.1. Geology of the study area

Dutse occupies a relatively high plains surface that 
occurs within the younger sediment of the Chad forma-
tion area of Kano Region. The rocks are Precambrian 
in origin with the granitic outcrops there are presence 
of isolated hills of plutonic rocks in the area (Olofin, 
1987). In the study area, Turner (1983) also reports 
the occurrence of rocks of the Younger Granites 
series so termed because they are Jurassic in age, as 
well as volcanics, and occasional younger dykes and 
flows. The Basement Complex rocks in the study area  
(Fig. 1) include Mesozoic younger granite and pan 
African older granite. The Nigerian younger granite 
complexes are known to be mineralogically heterog-
enous with variations in their textures that are attrib-
utable to the proximity of the roofs of the batholiths 
(Turner, 1983). They are composed of a wide variety 
of rock types including, but not limited to hornblende 
porphyry, hornblende biotite granites, biotite gran-
ites, fayalite granites, riebeckites granites, and some 
basic to intermediate rocks (mostly named after the 

most abundant mafic mineral content). Individual 
younger granite suites are known to contain different 
rock types in the various sub provinces despite their 
age differences that decrease toward the south, sug-
gesting that their emplacement was fundamentally 
controlled by thermal anomaly in the mantle or lower 
crust but not related to any orogenic activity and are 
thus referred to as unorogenic (Garba, 1992). This is 
also supported by their non-foliated and un-fractured 
surfaces (Wright, 1976), in contrast to the foliated 
calc-alkaline older granites (Turner, 1983).

2.2. Instrumentation

The radiometric measuring principle is based on 
the attenuation of gamma radiation as it penetrates 
materials. Radiometric systems are used for point 
level detection, continuous level, density, and inter-
face measurement. The areas of application of this 
non-invasive measuring method comprise liquids, sol-
ids, suspensions through to sludges as well as extreme 
process conditions, such as high pressures, high tem-
peratures, corrosiveness, toxicity, and abrasion.

The compact spectrometer gamma surveyor instru-
ment always measures the complete spectrum, from 
which it evaluates the cps values in Region of Interests 
(ROIs) and calculates the concentrations of elements 
K (%), eU (ppm), and eTh (ppm). The concentration 
of K is determined directly. The eU and eTh concen-
trations are based on detection of radioisotopes 214Bi 
and 208Tl that are parts of the related disintegration 
series (the balance of individual daughter products in 
the frame of measuring conditions is supposed). 

The natural dose rate value (in nGy/h) is calcu-
lated from measured concentrations of K, eU, and eTh 

Figure 1. Geological map of the study area after NGSA (2006).
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according to the IAEA recommendations using the  
following coefficients: 

1 % K concentration contribution represents 
13.078 nGy/hour 

1 ppm eU concentration contribution represents 
5.675 nGy/hour 

1 ppm eTh concentration contribution represents 
2.494 nGy/hour. 

2.2.1. Basic features

•	 Measures and stores always the complete 
512-channel spectrum 

•	 Direct determination of concentrations of K (%), 
eU (ppm), and eTh (ppm)

•	 Dose rate measurement 
•	 cps measurement in 10 ROIs—4 preset (K, U, Th, 

and TOT),
•	 Possibility of going through spectrum and 

matching of the measured peak with the isotope 
(built-in isotope library) 

•	 Support of point, profile and borehole 
measurements 

•	 Possibility of later continuation of the inter-
rupted measuring file 

•	 Very easy operation
The instrument transforms incident gamma radi-

ation into visual readout of radioactive intensity as a 
function of the natural radioactive material present in 
geologic phenomena, the possible measurement type 
it does are: point, profile, borehole, or continuous. We 
used profile technique over 1 km × 1 km square at 
Gaya, North-Western Nigeria for four days from 30th 
of March to 2nd of April 2018. The entire study area 
was gridded into 21 profiles with both inter-profile 
and inter-station spacing of 50 m having total of 441 
points, at each station coordinate were taken and 
recorded from external Global Positioning System 
(GPS). Figure 2 shows pattern of gridding and move-
ment on field during data collection. 

For a required accuracy of the results, meas time 
(time of the measurement on one point) was set at  
3 minutes for valid order of 0.1% for K concentration 
and of 1 ppm for eU and eTh concentration, shorter 
measuring time causes decreased stability of reached 
results. 

When the measurement is finished, window with 
the measured cps values in ROIs and calculated con-
centrations of K, eU, eTh is displayed. The natural dose 
rate values calculated from the related concentrations 
are displayed as well. All the measured and recorded 
data were run for background correction before fur-
ther processing. Mean (x) as the ratio of the sum of the 
observed values to the number of observations, stan-
dard deviation (σ) which gives an idea of how close the 
entire set of data is to the average value and coefficient 
(r) that measures the degree of linear relationship 
between two variables were computed and tabulated 
using the following equations.
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3. Results and Discussion

The results were presented in grid and statistical 
form; Figures 3–6 are, respectively, the total count 
in parts per million (TC in ppm), equivalent uranium 
(eU in ppm), equivalent thorium (eTh in ppm), and 

Figure 2. Survey stations and profiles orientation. Figure 3. Total count map of the study area.
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potassium (K in %) maps of the study area. Total count 
map of radioelements (Fig. 3) indicated high radio-
metric anomalies in few spots NE, NW, and Eastern 
region with the values ranging from 510 to 610 ppm 
average values of anomalies were observed in NE and 
SW, while low values ranging from 315 to 410 ppm 
were observed along NW-SE direction of the area. An 
average to high concentration of uranium between 
20 to 40 ppm were observed around NE, NW and SW  
(Fig. 4) and trend of low to intermediate recorded 
in NW-SE direction ranging from 1 to 14 ppm. The 
thorium map (Fig. 5) shows few regions with high 
concentration in the north-eastern and north-western 
part ranging from 100 to 181 ppm with low concen-
tration trending in NW-SE direction ranging from 10 
to 40 ppm. Potassium concentration is high along 

West-Eastern direction, moderate in north-eastern, 
north-western, western region ranging from 3% to 
5.7%, while lower concentration is observed along 
NW-SE direction with values ranging from 0.1% to 
1.6% (Fig. 6). Radiometric ratios are more effective 
of lithology variation than the individual radiometric 
channels; however, a variety of radiometric ratio maps 
were produced. U/TH rations have particular value in 
exploration for uranium deposit because it has been 
found to increase locally within regions containing 
uranium ores (Shives et al., 1995). Figure 7 is the 
Uranium-to-Thorium (eU/eTH) ratio map that shows 
a low preferential increase in uranium to thorium. As 
thorium enrichment generally does not accompany 
potassium during hydrothermal alteration processes, 
Th/K ratio provides an excellent distinction between 

Figure 4. Uranium concentration (eU) map.

Figure 5. Thorium concentration (eTH) map.

Figure 6. Potassium concentration (%K) map.

Figure 7. U/Th ratio map.
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potassium associated with alteration and anoma-
lies related to normal lithological variations. It has 
been established that in general, low Th/K ratios are 
excellent indicators of potassium alteration (Shives 
et al., 1995). Thorium-to-potassium (Th/K) ratio map 
(Fig. 8) shown high signatures in an isolated spots in 
south-eastern and north-western part of the area, cen-
tral regions, and south-western part have low Th/K 
ratio which indicate preferential enrichment of potas-
sium to thorium. 

In the U/K ratio map (Fig. 9), there is preferential 
enrichment of potassium to uranium as most of the area 
has low U/K ratio values while uranium enrichment 
is observed in the south-eastern and north-western 
end of the study area. Ratios of the radioelements can 
provide further constraints for identifying potential 

uranium deposits. A ratio of U2/Th proved effective 
in highlighting uranium mineralization. The U2/Th is 
also effective in separating the primary uranium, asso-
ciated with uranium-bearing rocks. High U2/Th ratio 
values are associated with many uranium deposits 
and can be used to highlight new areas of potential 
mineralization. The U2/Th ratio map is presented in 
(Fig. 10) which highlights the areas that are both high 
in U and U/Th. The areas of high U2/Th are shown in 
south-western and south-south areas. 	

A standard ternary image (Fig. 11‑ is plotted in 
RGB (Red, Green and Blue) where R = Potassium,  
G = Thorium, and B = Uranium. Largely, ternary plots 
of the radioelements usually give a superior image 

Figure 8. Th/K ratio map.

Figure 10. U2/Th ratio map.

Figure 9. U/K ratio map. Figure 11. Standard ternary map of the study area.
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of the geology (Salem et al., 2005). High concentra-
tion of the three radioelements tends to white, while 
low concentration of the three radioelements tend to 
black. Concentration of the radioelements is higher  
(i.e., the white portions) in the south-west and 
north-eastern part of the area, while low concen-
trations are observed along NW-SE direction. A 
consistence low concentration of the radioelements 
is observed along NW-SE direction due to stream run-
ning in the same direction that shields radiation of 
these radioelements significantly.

The statistical analysis was carried out to see if sta-
tistical correlations and mathematical relationship 
exist between the radiations of parameters investi-
gated using Equations (1)–(3). Concentrations of the 
radionuclides and does rate for the data acquired 
are presented in the Table 1, while the activity ratios  
(U/Th, U/K, Th/U, Th/K, K/U, and K/Th) are 

displayed in Table 2. The correlation between the 
activity concentrations of (238U and 232Th), (238U and 
40K), and (232Th and 40K) is presented in Table 3. The 
correlation is found to be linear and positive which 
may still be attributed to the property of the rock in 
retaining these radionuclides under varying weather 
conditions. However, strong correlation of 0.9, 0.80, 
and 0.82, respectively, is an indication of presence 
of significant amount of radioactive accessory min-
erals, such as zircon, monazite, thorite, and garnet, 
and 238U and 232Th came from natural decay series. 

However, mean activity of each radioelement for 
each profile was computed and presented in bar chart 
(Figs. 12–14) in order to compare the gamma-ray 
activity of the radioelements. Statistical threshold 

Table 1.  Statistical analysis of the radionuclides.

Radionuclide Minimum Maximum Mean
Standard 
Deviation

eU (ppm) 1.2 39.2 17.529 9.8907

eU (cpc) 0.7 6.9 2.988 1.6120

eTh (ppm) 7 187 59.06 33.522

eTh (cpc) 0.3 6.4 2.051 1.1218

K (%) 0.23 8.78 4.1092 1.9968

K (cpc) 0.7 13.5 6.478 3.0579

TC (cpc) 300.4 638.0 447.761 58.3806

Dose (nGyph-1) 33.45 676.49 300.512 149.7046

Table 2.  Ratios of activity concentrations of the radionuclides.

Ratio Minimum Maximum Mean

U/Th 0.048 1.0 0.3122

Th/K 4.265 51.154 16.647

U/K 0.374 17.391 4.765

Th/U 1 20.706 4.025

K/Th 0.020 180.234 0.077

K/U 0.058 2.677 0.284

Table 3.  Correlation of K, U, and Th.
40K 238U 232Th

40K 1.00
238U 0.802 1.00
232Th 0.822 0.888 1.00

Figure 12. Mean gamma-ray activity of U, Th, and K along 
profile ten.

Figure 13. Mean gamma-ray activity of U, Th, and K along 
profile one.

Figure 14. Mean gamma-ray activity of U, Th, and K along 
profile twenty one.
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technique was computed using mean and standard 
deviation values in Table 1 thereby delineate areas of 
more prominent radiometric anomalies as presented 
in Figures 15–17 for uranium, thorium, and potas-
sium, respectively.

Concentration maps of radioelements 238U, 232Th, 
and 40K were superimposed or draped over geologic 
map of the study area so as to see the variation of the 
concentrations of the radionuclides with geology as 
presented in (Fig. 18–20).

Figure 15. Concentration of uranium after separation of 
threshold value.

Figure 16. Concentration of thorium after separation of 
threshold value.

Figure 17. Concentration of potassium after separation of 
threshold value.

Figure 18. Uranium concentration map draped on geologic 
map.
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4. Conclusion 

The mean concentration of the radionuclides U, Th, 
and K in the study area are, respectively, 17.529, 59.06, 
and 4.1092 ppm, which are within the world average 
values. The area of promising uranium mineralization 
are in north-eastern, north-western edge consisting of 
Mesozoic Younger Granite and south-south part con-
sisting of Pan African Older Granit Series and highly 
weathered ironstones.

The concentration of the radionuclides 238U, 232Th, 
and 40K from both grid and statistical analysis con-
firmed an observed/studied anomalies from aero 
spectrometric map in the order of (K < U < Th) which 
indicates preferential enrichment of thorium to both 
uranium and potassium, as well being major source of 
radioactivity and that uranium mineral is not of large 
quantity.

The average absorbed dose rate obtained is below 
the world average value. On this basis, rocks of the 
study area are not harmful to humans and environ-
ment except if been exposed for many years. Figure 21 
reveals that water is a good shedding agent of nuclear 
radiations.

Figure 19. Thorium concentration map draped on geologic map.

Figure 20. Potassium concentration map draped on geologic map.

Figure 21. Total count map draped on geologic map.



A. Aliyu et al. / Science Forum (Journal of Pure and Applied Sciences) 20 (2020) 31 – 39 39

References
El-Arabi AM, Abbady AGE, Hussein AS. Gamma-ray mea-

surements of natural radioactivity in sedimentary 
rocks from Egypt. Nucl Sci Tech 2006; 17(2):123–8.

Garba I. A rare earth element (REE) study of Bin Yauri 
gold deposit, Nigeria. Trans Inst Min Metall 1992; 
80B:158–61.

Hunting Geology and Geophysics Limited; Nigeria 
Aerospectrometric Maps 1975. 

NGSA. Geological map of Nigeria. Nigerian Geological Survey 
Agency, Abuja, Nigeria, 2006.

Olofin. Some Aspect of the Physical Geography of the Kano 
Region and Related Human Responses, Departmental 
Lecture Note Series No.1 Geography Department, 
Bayero University Kano, Debis Standard Press, Kano, 
1987.

Orgun Y, Altinsoy N, Sahin SY, Gungor Y, Gultekin AH, 
Karaham G, Karaak Z. Natural and Anthropogenic 

Radionuclides in rocks and beach sands from Ezine 
Region (Canakkale), Wester Anatolia, Turkey. Appl 
Radiat Isot 2007; 65:739–47. 

Salem A, Abouelhoda E, Alaa A, Atef I, Sachio E, Keisuke U. 
Mapping radioactive heat production from airborne 
spectral gamma-ray data of Gebel Duwi Area, Egypt. 
Proceedings World Geothermal Congress, Antalya, tur-
key, pp 24–9, 2005.

Shives RBK, Ford KL, Charbonneau BW. Applications of 
gamma ray spectrometry/magnetic/VLF–EM surveys, 
Workshop Manual; Geological Survey of Canada, 3061, 
p 82, 1995. 

Turner DC. Upper proterozoic schist belts in the Nigerian 
sector of the Pan–African province of West Africa. 
Precambr Res 1983; 21:55–79.

Wright JV. Fracture system in Nigeria and initiation of frac-
ture zones in the South Atlantic. Tectonophys 1976; 
34:43–7.

http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref3
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref4
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref4
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref10
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref10
http://refhub.elsevier.com/S1464-343X%25252815%25252930033-9/sref10

