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Abstract: Radiogenic heat production (RHP) was evaluated from the elemental concentrations of Potassium (K), Thorium 

(Th) and Uranium (U) in granite rocks of southwest Nigeria using gamma ray spectrometry. The mean K, Th and U values 

of 2.71%, 30.57 ppm and 3.02 ppm, respectively were obtained for the entire study area. The abundance ratios (K/Th, K/U, 

Th/U) were calculated in order to study the enrichment/depletion processes in the granite rocks of the sub region. A mean 

value of 3.14µWm-3obtained for the RHP is comparable to the world average value of 3µWm-3 for granite rocks and the 

abundance ratios indicates a depletion of uranium from its ore. All variables were subjected to multivariate statistical 

analysis to determine the various relationships that exist among them. Principal component analysis (PCA) yields a three 

component representation of the acquired data in which 91.2% of the total variance was explained. 
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1 Introduction 

Potassium, Thorium and Uranium are long lived radioactive 

elements in the earth crust. The specific levels of terrestrial 

environmental radiation are related to the geological 
composition of each lithologically separated area, and to 

the content in thorium (Th), uranium (U) and potassium (K) 

of the rock from which the soils originate in each area [1 – 

3]. The concentration of radionuclides like uranium, 

thorium and potassium are high in granite rocks. The 

uranium and thorium integrated during the crystallization of 

magma and residual solutions because their large ionic radii 

prevent their crystallization out of the early silicates [4]. 

The average concentration of uranium in the earth crust has 

been reported to be in the range of 2–3 ppm, while thorium 

exists in the range of 8–12 ppm [5]. Potassium is widely 

distributed in nature, with concentrations varying from 
about 0.1% for limestone, through 1% for sandstones to as 

much as 3.5% for some granite rocks [6]. The 

concentrations of major and trace elements in 

Environmental samples had been studied by several authors 

[7 – 11]. 

However, there is a need to examine the elemental 

concentration of these radionuclides in the bedrocks from 

which soil emanates, as well as, their respective elemental 

abundance ratio (Th/U, K/U, and K/Th ratios). This 

analysis will also allow us to study the 

enrichment/depletion processes as a result of the complex 

metamorphic history, alteration and/or weathering that 
affected the rocks over the course of time [12]. 

Works have been carried out on the estimation of 

radiogenic heat production from the elemental 

concentrations of radio-elements measured in the laboratory 

[13] and directly from gamma-ray data [14]. Similarly, 

airborne gamma ray data has been used to estimate 

radiogenic heat production [13]. 

Assessment of the radiogenic heat production can be used 

for the explanation of temperature variations with depth and 

interpretation of existing heat flow variations. Also it can 

be used in selecting suitable new sites for making heat flow 
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and heat production measurements. This work will provide 

a new insight to the geothermal properties of the quarries in 

southwest Nigeria.  

2 Experimental Sections 

2.1 Sample Collection and Preparation 

A total of fifty (50) samples were collected from ten (10) 

different quarry sites (five samples from each site) spread 

across five states (Ogun, Oyo, Osun, Ondo and Ekiti) of 

Southwest Nigeria. The coordinates of each sample location 
were taken and recorded [15]. Each sample was crushed, 

dried, sieved and hermetically sealed in cylindrical 

polyvinylchloride containers for 28 days in order to attain 

secular equilibrium between the parent and the daughter 

nuclides present. 

2.2 Gamma Ray Spectroscopic Technique  

The activity concentration of natural radioactivity in the 

samples were determined using a 7.62 cm x 7.62 cm NaI 

(Tl) detector employed with adequate lead shielding which 

reduced the background by a factor of about 95%. The 

activities of various radionuclides were determined in Bq 

kg-1 using the count spectra obtained from each of the 

samples. The gamma ray photo peaks corresponding to 

energy of 1120.3 keV (
214

Bi), 911.21 keV (
228

Ac) and 

1460.82 keV (
40

K) were considered to determine the 

activity of 
238

U, 
232

Th and 
40

K [15 – 17]. The Minimum 
Detectable Activity was calculated as 11.40, 12.85 and 6.77 

Bq kg-1 for 232Th, 238U and 40K, respectively for a counting 

time of 25,200 seconds. 

2.3 Determination of Elemental Concentration 

The assessment of the potassium elemental concentration in 
rocks, soil and water is expressed in percentage potassium 

(%K) and part per million (ppm) for uranium and thorium. 

In using gamma ray spectrometry, the 1460 keV gamma ray 

energy emitted by 40K was used for the assessment of 

potassium. The estimation of 40K is direct because it occurs 

in nature as a fixed ratio to other isotopes of potassium. 

However, the estimation of uranium and thorium were 

obtained indirectly through the energy lines of their 

daughter products, 1120.3 keV (214Bi) and 911.21keV 

(228Ac), respectively (IAEA, 2003). The IAEA provides a 

conversion factor of 1% K in rock to be equivalent to 313 
Bq kg-1, 1.0 ppm U in rock to be equivalent to 12.35 Bq kg-

1 and 1.0 ppm Th in rock equals 4.06 Bq kg-1 [5]. These 

values agree with Equation 1 [18]. 

 

 CE=
MEΩ

λENAfA
AE,                  (1) 

where CΕ is the fraction of element E in the sample, ΜΕ is 

the atomic mass (kgmol
-1

), λE is the decay constant (s
-1), fA, 

is the fractional atomic abundance in nature and AE is the 

measured activity concentration (Bqkg
-1), of the 

corresponding radionuclide considered (
232

Th,
 238U, or 

40
K), 

ΝΑ is the Avogadro’s number (6.023×10
23

atoms mol-1), and 
Ω is a constant with a value of 1,000,000 for 232Th and 
238U, and 100 for 40K.  The elemental concentrations are 

thus reported in units of µg g-1or ppm for thorium and 

uranium, and as a percentage (%) for potassium. 

2.4 Calculation of Radiogenic Heat Production 

Estimates of 40K, 238U and 232Th concentrations from 

gamma ray spectrometry can be used to evaluate the heat 

generated by rocks. Disintegration of the natural 

radionuclides in the earth is accompanied by the release of 

thermal energy, and most of this is produced by the decay 
of 40K, 238U and 232Th. The heat production (HP) of rocks is 

related to the concentration of the radioelements CK (% K), 

CU (ppm U), CTh (ppm Th), and density of rock ρ (kg m-3) 

by Equation 2 [5, 19]. 

 

HP =
ρ(3.48Ck + 9.52Cu + 2.56CTh) ∗ 10−5        (μWm−3)    (2) 

 

Where CK , CU, and CTh are the elemental concentrations of 
40K, 238U and 232Th, respectively in % for 40K and ppm for 
238U and 232Th. The density of the granite samples is 

between 2650 and 2750 kgm-3, however, an average value 

of 2700 kgm-3 was used. 
 

3 Results and Discussion 

3.1 Elemental Concentration 

The elemental concentration of each of the samples is 

presented in columns 2 to 4 of Table 1. The concentration 

of 232Th is generally higher with an average value of 30.57 

ppm and a maximum value 138.22 ppm for the sample code 

named, OGA1 while 238U and 40K have a range of ND to 

8.96 ppm and 0.43 to 5.78 %, respectively. The average 

values of 2.71% for 40K, 30.57ppm for 232Th and 3.02 ppm 

for 
238

U, obtained for the entire sampled quarry are higher 

than the world average concentration of 1.3 % for 40K, 7.4 

ppm for 232Th and 2.8 ppm for 238U in granite rocks. These 

average values were obtained by converting the 
corresponding worldwide average activity concentrations of 

30, 35, and 400 Bqkg-1 [20] for 232Th, 238U and 40K 

radionuclides, into their respective elemental concentrations 

using the Equation 1 

3.2 Elemental Abundance Ratio 

The elemental abundance ratios of K/U, K/Th, and Th/U 

are given in column 5 to 7 of Table 1. These ratios are an 
indication of the relative depletion or enrichment of 

radioisotopes. The average value of 1.08 and a maximum 
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Value of 9.89 for the K/U ratio indicate that the values of U 
are lower than that of K in the rock samples. This is 
expected as granite rocks have a higher concentration of 

potassium oxide than any oxides of uranium. In the same 

vein, the average value of 0.16 obtained for the K/Th ratio 

indicates a much higher value of Th than K. However, from 

the table, the Th/U value are generally high with a range of 

0.73 – 51.21, and an average value of 10.78. A Th/U ratio 

higher than 1 is significant [21]. Although U and Th are 

geochemically similar, the average Th/U ratio obtained is 

far from 3.0, 3.5 and 4.25 that have been reported in 

literatures [12, 22, 23] for a normal continental crust. The 

high Th/U ratios describe an initially fertile granite rock, 
but leached out its U content leaving Th behind. 

3.3 Radiogenic Heat Production 

The calculated radiogenic heat production (RHP) is 

governed by the amount of uranium, thorium, and 

potassium measured in each sample and as a result varied 

from one sample to another. The results, as presented in 
column 8 of Table 1 show a similar trend within each 

quarry location, with the values though different have a 

narrow range. This irregularity is due partly to the 

probabilistic nature of radioactive decay from which the 

concentrations were calculated and to the dissimilarity in 

the geochemical activities of 40K, 238U and 232Th during the 

transformation process. On the other hand, the heat 

generated varies greatly across the quarries of the 

southwestern Nigeria. This is evident in the total range of 

0.57 – 10.69 µWm-3 and a mean value of 3.14 µWm-3. This 

result agrees with the literature radiogenic heat production 

value of 3µWm-3for granite rocks [24]. It is of note that the 
mean value of each quarry location ranged from 1.34µWm-

3 to 6.28 µWm-3. This demonstrates the fact that heat 

production in granite shows a lot of variability both 

between and within intrusions [24 – 25].  

Table 1: Elemental concentration, Abundance ratio and 

              Radiation heat Generated. 

 

40
K  

(%) 

232
Th 

(ppm) 

238
U 

(ppm) K/U K/Th Th/U RHP(µWm-3) 

GCA1 1.14 138.22 3.99 0.29 0.01 34.67 10.69 

GCA2 0.63 27.44 3.60 0.17 0.02 7.61 2.88 

GCA3 0.39 22.59 3.56 0.11 0.02 6.34 2.51 

GCA4 2.03 40.47 0.79 2.57 0.05 51.21 3.19 

GCA5 3.25 78.11 4.03 0.81 0.04 19.37 6.74 

Mean 1.49 61.36 3.19 0.47 0.02 19.21 5.20 

GCB1 2.16 12.94 3.07 0.70 0.17 4.21 1.89 

GCB2 2.26 31.90 2.95 0.76 0.07 10.80 3.18 

GCB3 1.85 15.99 3.13 0.59 0.12 5.11 2.08 

GCB4 3.04 35.23 3.25 0.93 0.09 10.84 3.56 

GCB5 2.35 11.41 2.99 0.78 0.21 3.82 1.78 

Mean 2.33 21.49 3.08 0.76 0.11 6.98 2.50 

GCC1 1.21 46.41 2.63 0.46 0.03 17.63 4.00 

GCC2 0.53 18.18 2.61 0.20 0.03 6.95 1.98 

GCC3 1.98 39.54 2.73 0.72 0.05 14.47 3.62 

GCC4 0.00 29.40 2.40 0.00 0.00 12.25 2.65 

GCC5 2.85 16.06 1.83 1.56 0.18 8.77 1.85 

Mean 1.31 29.92 2.44 0.54 0.04 12.25 2.82 

GCD1 5.36 53.37 4.98 1.08 0.10 10.72 5.47 

GCD2 5.68 72.74 4.93 1.15 0.08 14.77 6.83 

GCD3 8.96 62.37 4.66 1.92 0.14 13.38 6.35 

GCD4 7.22 76.49 4.56 1.58 0.09 16.77 7.14 

GCD5 6.23 57.06 4.24 1.47 0.11 13.44 5.62 

Mean 6.69 64.41 4.67 1.43 0.10 13.78 6.28 

GCE1 0.71 29.15 1.85 0.38 0.02 15.73 2.56 

GCE2 2.42 27.78 3.54 0.68 0.09 7.85 3.06 

GCE3 2.51 17.05 1.23 2.05 0.15 13.89 1.73 

GCE4 0.45 10.52 2.57 0.17 0.04 4.10 1.43 

GCE5 6.88 4.55 2.71 2.54 1.51 1.68 1.66 

Mean 2.59 17.81 2.38 1.09 0.15 7.49 2.09 

GCF1 0.91 35.00 2.29 0.40 0.03 15.26 3.09 

GCF2 0.69 44.91 1.96 0.35 0.02 22.86 3.67 

GCF3 3.56 29.53 1.24 2.87 0.12 23.79 2.70 

GCF4 2.80 38.05 2.35 1.19 0.07 16.23 3.50 

GCF5 3.95 23.26 2.49 1.59 0.17 9.35 2.62 

Mean 2.38 34.15 2.07 1.15 0.07 16.53 3.12 

GCG1 5.18 29.00 3.37 1.54 0.18 8.61 3.36 

GCG2 4.26 14.48 2.70 1.58 0.29 5.37 2.10 

GCG3 0.25 10.26 2.09 0.12 0.02 4.91 1.27 

GCG4 4.29 2.72 0.43 9.89 1.58 6.28 0.70 

GCG5 2.55 26.59 2.55 1.00 0.10 10.42 2.73 

Mean 3.31 16.61 2.23 1.48 0.20 7.45 2.03 

GCH1 0.22 1.31 1.79 0.12 0.17 0.73 0.57 

GCH2 0.26 10.13 2.42 0.11 0.03 4.19 1.35 

GCH3 0.22 13.94 2.07 0.11 0.02 6.74 1.52 

GCH4 0.41 14.31 2.11 0.19 0.03 6.79 1.57 

GCH5 0.95 14.78 2.30 0.41 0.06 6.42 1.70 

Mean 0.41 10.89 2.14 0.19 0.04 5.10 1.34 

GCI1 3.96 18.26 3.04 1.30 0.22 6.01 2.41 

GCI2 4.51 41.10 3.75 1.20 0.11 10.95 4.23 

GCI3 7.11 29.40 3.50 2.03 0.24 8.41 3.60 

GCI4 4.78 43.56 3.57 1.34 0.11 12.19 4.38 

GCI5 3.87 20.31 3.45 1.12 0.19 5.88 2.66 

Mean 4.85 30.52 3.46 1.40 0.16 8.82 3.46 

GCJ1 0.80 17.59 5.78 0.14 0.05 3.04 2.78 
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GCJ2 1.43 5.10 4.32 0.33 0.28 1.18 1.60 

GCJ3 1.44 15.33 4.93 0.29 0.09 3.11 2.46 

GCJ4 3.13 33.48 3.98 0.79 0.09 8.41 3.63 

GCJ5 1.98 20.93 3.88 0.51 0.09 5.39 2.63 

Mean 1.76 18.49 4.58 0.38 0.10 4.04 2.62 

3.4 Multivariate Statistical Analysis 

Multivariate analysis involves observation and analysis of 

more than one statistical outcome variables at a time. It 
shows how the variables are related to one another, thus 

enhances data interpretation. The statistical analysis 

considered in this work are, Principal Component analysis, 

Pearson Correlation Coefficients and Hierarchical Cluster 

Analysis, load plot. 

3.5 Descriptive statistic 

Descriptive statistics show the raw scores, organized and 

summarized in a form that enhances readability. It provides 

a single descriptive overview of the entire data set [26]. The 

list of statistical variables is presented in Table 2. It can be 

seen from the table that, of the 50 samples studied, 232Th 

has the highest value of 138 ppm, while the minimum 

concentration was observed in 40K (BDL). Considering the 

mean values K/U, K/Th, Th/U and RHP it can easily be 

observed that they are close to the standard deviation in 

spite of the differences in values from each location.  

Table 2: Descriptive Statistics 

Variables N Mean SD Sum Min Max 
40K 50 2.71 2.19 135.60 0.00 8.96 

232Th 50 30.57 24.15 1528.28 1.31 138.22 
238U 50 3.02 1.13 151.20 0.43 5.78 

K/U 50 1.08 1.46 54.23 0.00 9.89 

K/Th 50 0.16 0.30 7.76 0.00 1.58 

Th/U 50 10.78 8.69 538.91 0.73 51.21 

RHP 50 3.14 1.88 157.24 0.57 10.69 

    

3.6 Principal Component Analysis 
 

Principal component analysis (PCA) is a very useful tool 

for discovering previously unsuspected relationships as 

well as reducing and interpreting large multivariate data 

sets with underlying linear structures. Table 3 presents the 

list of variables and their corresponding principal 

component coefficients. The principal component analysis 

yields a three component representation of the acquired 

data, in which 91.2% of the total variance was explained. 
This value is a good result because a value that explained 

75% or more of the total variance is good [27]. 

The first component explained 41.63% of the total variance 

and it is heavily loaded for 232Th and RHP associated with 

all samples. Principal component 2 has a strong positive 

loading for K and K/Th and account for 29.99% of the total 

variance while component 3 explained 19.54% of the total 

variance with a positive loading for 238U.  
 

Table 3: Principal component. 

 

Variables Principal Components 

 1 2 3 
40K 0.20003 0.51049 0.33815 
232Th 0.55889 0.09468 -0.13146 
238U 0.33595 -0.08163 0.65306 

K/U -0.1463 0.6238 -0.15558 

K/Th -0.26283 0.55419 0.10037 

Th/U 0.34783 0.10675 -0.63809 

RHP 0.56859 0.12696 0.02111 

Variance 

 Explained % 

 

41.63% 

 

29.99% 

 

19.54% 
      

3.7 Pearson Correlation Analysis 
 

All the evaluated variables were subjected to Pearson 

correlation analysis in order to determine the mutual 

relations and the degree of association that exist between 

pairs of variables. The correlation coefficient matrix of all 

the radiological variables examined is presented in Table 4.  

The strength of the correlation is defined for the absolute 

value of the Pearson coefficient as, 0.00 – 0.19 (very weak), 

0.20 – 0.39 (weak), 0.40 – 0.59 (moderate), 0.60 – 0.79 

(strong) and 0.80 – 1.0 (very strong). It can be seen from 

the table that a strong positive correlation exists among 
232Th and Th/U and between 232Th and 238U because 

thorium and uranium exist together in nature [28]. The 

thorium is a major contributor in the RHP values [29, 30]. 

Similarly, a positive moderately strong correlation was 

observed between 40K and K/U and between 40K and K/Th. 

On the other hand, weak negative correlations were 

observed between, 232Th and K/U and between 232Th and 

K/Th. This is expected as K does not belong to the same 

series with 232Th and 238U. 238U has a weak negative 

correlation with K/U, K/Th and Th/U but has a strong 

positive correlation with RHP.  
 

3.8 Loading Plot 
 

The Loading plot shows the relationships between variables 

in the space of the first two principal components. The 

loading plot (Figure 1) shows the relationship of the 

variables in relation to principal components 1 and 2. We 

observed that 40K, K/U and K/Th have  a positive heavy 

loading for principal component 2 while, Th/U, 232Th, 238U 

and RHP have  similar positive heavy loading for principal 

component 1. 
 

3.9 Hierarchical Custer Analysis 
 

Hierarchical Cluster Analysis is one of the methods of 

carrying out a cluster analysis. Cluster analysis is a 

multivariate method in which items/objects are classified 
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on the basis of a set of measured variables into a number of 
different groups such that items/objects in the same group 

are similar. 

A visual display of the order in which parameters or 

variables with related properties combine to form clusters is 

done with the dendrogram. The most similar objects are 

first grouped and merged according to their similarities. 

Similarity is a measure of the distance between clusters in 

relation to the largest distance between any two variables. 

The dendrogram is the most important result of cluster 

analysis. It lists all samples and indicates at what level of 

similarity any two clusters were joined. The position of the 

line on       the scale indicates the distance at which clusters 
were joined. The top of the unit for each stage represents 

the new cluster by the merging of two clusters. Its height 

corresponds to the distance between two merged clusters. 

Presented in Figure 2, is the dendrogram; a result of cluster 

analysis, showing all variables and indicates at what level 

of similarity any two clusters were joined. All the 7 

variables are grouped into fours statistically significant 

clusters. Cluster-I consists of 40K, cluster-II consists of K/U 

and K/Th, cluster-III consists of 232Th, Heat Generated and 

Th/U, and finally, cluster-IV consists of 238U. All the 

clusters are formed on the basis of existing similarities. 
 

Table 4: Correlation coefficient matrix. 
 

 

 
 

Fig.1: Loading Plot. 

 

 
Fig.2: Dendrogram showing clusters of the concentrations 
and radioactive heat production. 
 

3 Conclusions 
 

The elemental concentration of potassium, thorium and 

uranium in the granite rocks of southwest Nigeria were 
estimated. The concentrations in the studied area were 

found to be higher than the world average value. Similarly, 

the average elemental abundance ratio was found to be 

higher than published values for normal continental crust. 

However, the radiogenic heat production from granite rocks 

in the sub-region was estimated and the results agree with 

the literature value of 3µWm-3 for granite rocks. 

Multivariate analysis has proven to be an appropriate means 

of interpreting data of the types considered in this work. 
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