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Abstract 

Uranium has been found to be one of the radioactive element emanating from the earth 

subsurface and is mobile in nature. Its distribution is controlled by the stratigraphic layer and 

overburden thickness of earth crust. In this study, the airborne uranium concentration distribution 

in western part of Ogun state was examine across twelve lithological units (LT1 – LT12). The 

2D contour plot and 3D surface plot were constructed for each lithological unit to visualize the 

nature and pattern of the uranium distribution. The source proximate of lithological units were 

assessed by subjecting the uranium concentration in each unit to inferential statistical and 

multivariate statistical analysis. Two inferential analysis were employed; namely, F–test and T–

test while Principal component analysis (PCA) and Hierarchical cluster analysis (HCA) were 

adopted for multivariate statistics. Histogram distribution was as well constructed for uranium 

concentrations across the twelve lithological units.  The spatial mapping revealed uranium 

concentration to be in abundance in study areas with maximum value of 15.0 ppm in LT1 and 

LT6. Numerous spots of anomalous uranium response to underlying bedrock were identified 

with the surficial construction with different migration patterns. F–test and T–test result revealed 

LT6 to have different uranium source from the six other lithological units. Five PCA were 

identified, with all units positively loaded, except LT6.  Three clusters were obtained with LT6 

having distinct cluster with others. The histogram distribution revealed multimodal pattern in 

most uranium lithological unit, while LT6 have minimal source. This study have critically 

assessed the uranium concentration in Western part of Ogun state structurally and progenically, 

with reliable evidence of its abundance deposition which is mostly controlled by the underlying 

bedrocks. 

 Key words: Uranium; Inferential; Cluster; Lithological; Sources 

 

http://www.unicrossjournals.com/
mailto:ogunsanwofo@tasued.edu.ng


 

 

 

91 

1.0 Introduction 

Airborne geophysical surveys (including 

airborne gamma-ray spectrometry) are 

critical for regional geological mapping and 

mineral resource assessment, particularly in 

data-scarce regions like parts of Nigeria 

(Telford, et al., 1990; Oladunjoye, et al., 

2016; Abdulsalam, et al., 2023; Ogungbemi, 

et al., 2021). These surveys enable efficient 

detection of uranium, thorium, and 

potassium distribution across expansive 

terrains and aid in identifying potential 

mineralized zones (Paul et al 2022, Wara, et 

al., 2021; Faruwa et al., 2021). 

Specifically, in southwestern Nigeria, Ogun 

State included, aviation surveys have been 

conducted under the “Pilot Project” and 

Phase I airborne geophysical programs by 

the Nigerian Geological Survey Agency 

(NGSA), generating comprehensive 

magnetic and radiometric datasets that form 

the foundation for exploring uranium and 

other critical resources (NGSA, 2019; 

Ogunsanwo, et al., 2019). 

Ogun State lies within parts of Nigeria’s 

basement complex, yet early 

aeroradiometric investigations have revealed 

significant uranium anomalies not only in 

granitic terrains but also within sedimentary 

and weathered zones , particularly across 

shale, sandstone, and migmatite-bearing 

formations (Okeyode and Olurin, 2018; 

Adewoyin, et al., 2019, Jegede et al., 2025).  

Within the broader north-central uranium-

bearing belt, radiometric anomalies have 

been documented in multiple exposures 

(Adegoke and Omatsola, 2015; Ezekiel and 

Nur, 2023), including sheets in Ogun and 

adjacent regions, pointing to stratigraphic 

and structural controls on uranium 

mineralization (Oladunjoye and Ademila, 

2015). 

Recent studies underscore the value of 

advanced statistical tools in interpreting 

uranium geophysical datasets (Ologe, et al., 

2024; Ezekiel and Nur 2023; Idi et al 2021; 

Ngwaka, et al., 2023; Onyejiuwaka, and 

Nkiru, 2020; Ogunsanwo, et al., 2021) 

highlighting the importance of lithological 

context and spatial continuity in 

understanding uranium distribution. 

The major objectives of this study are to: 

(i) Characterize the surficial 

distribution of airborne uranium 

concentrations linked to lithological 

units. 

(ii) Apply source-proximate analysis to 

relate geophysical signals to 

geological units and structures 

(basement exposures, weathered 

zones, sedimentary cover). 

(iii) Integrate lithological mapping with 

spatial uranium anomalies to 

distinguish between primary 

lithological controls and secondary, 

structurally or weathering-induced 

remobilization. 

The current study adopts geospatial 

construction and source proximity-based 

approaches to parse litho-surficial controls 

on uranium concentration. By delineating 

the lithological sources of uranium and 

mapping their spatial relationships, this 

work seeks to refine exploration targeting 

and improve understanding of uranium 

mobility within the complex surficial and 

regolith environment of the region. 

2.0 Materials and methods 

2.1 Geological description of the study 

area 
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The study area is situated between latitudes 

6°58′11″N and 7°59′27″N, and longitudes 

2°44′47″E and 3°20′15″E of the Greenwich 

meridian, covering a total landmass of 

approximately 11,183.6 km². It is bounded 

by Oyo State to the north and the Republic 

of Benin to the west (Figure 1). 

Geologically, the region is dominated by 

two major rock assemblages: the 

Precambrian Basement Complex in the 

northern sector, comprising both older and 

younger granites, and the sedimentary 

successions of Cretaceous to Tertiary age in 

the southern sector (Omatsola & Adegoke, 

1981; Badmus, et al., 2010). Within the 

Dahomey Basin, three prominent 

lithostratigraphic formations are identified 

due to their genetic and lithological 

affinities: the Abeokuta Formation (central 

part), the Ewekoro Formation (south of the 

Abeokuta Formation), and the Ilaro 

Formation (southernmost part). Structurally, 

the area is characterized by fault and 

fracture patterns associated with the 

Crystalline Basement Fracture System, 

notably the Ibadan–Abeokuta fracture zone 

(Rahaman, 1976; Kogbe, 1989; NGSA, 

2019). 

2.2 Airborne data Collection 

A gridded uranium concentration map 

covering the northwestern part of Ogun 

State, Nigeria, was obtained from the 

aeroradiometric archives of the Nigerian 

Geological Survey Agency (NGSA), Abuja. 

The uranium dataset was acquired using an 

airborne 256-channel gamma-ray 

spectrometer with an energy window range 

of 1.66–1.86 MeV (NGSA, 2022). Uranium 

(238U) concentrations were indirectly 

determined through measurements of its 

daughter radionuclide, 214Bi, within the 

decay series. Under the conventional 

assumption of secular equilibrium within the 

uranium decay chain, these measurements 

are expressed as equivalent uranium (eU) in 

parts per million (ppm). 

By integrating the geological map of the 

area with the uranium grid data, twelve 

lithologically defined uranium units (ULT1–

ULT12) were delineated (Figure 1; Table 1). 

From the gridded dataset, a total of 264,844 

uranium data points were extracted and 

spatially partitioned into the defined LT 

units according to their geological 

coordinates. This subdivision enabled the 

identification of lithological units exhibiting 

proximate anomalous uranium responses, 

thereby providing a framework for 

evaluating the litho–surficial controls on 

uranium distribution. 
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Figure 1: Partitions extracted from geological map showing the bedrock composition of the 12 uranium lithological units (ULT1 – ULT12). 
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Table 1:  Lithological classifications, uranium data and Stratified rock units. 

     Lithological 

Units 

Nsample Formation Stratified rock units 

ULT1 11465 Basement M + OPg+OGb+Q+ bS +Su  

ULT2 240 Basement M+ Su+GGb+aS+GGm +P+OGb +OGh+mN 

ULT3 20690 Basement M + Su + OGb+ OPg  

ULT4 13276 Basement OGb+Su+ P + GGb 

+GGm+OGh+mN+OGf+mE 

ULT5 14666 Weathered Basement M+ Su ++ Sh + GGm+ Sdt  

ULT6 26029 Weathered Basement M+ Su + bS+OGh+OGb+GGm+ Sh+mE+OGf 

ULT7 15903 Sedimentary Sdt  + Lm + Sh 

ULT8 39933 Weathered Basement M+Su+OGh +Sdt  + Lm + Sh 

ULT9 26543 Weathered Basement M+P+OGb+Mag+OGd+aS+Std+bS+Sh+OGh+

pH+GGb 

ULT10 16099 Sedimentary Bnst + Sdt + Csd+ Sh + Lm 

ULT11 40000 Sedimentary Sdt + Csd + Sh + Lm 

ULT12 40000 Weathered Basement M + Csd + Sdt +Lm + A+ Sh +bS + GGb + P 

M-Migmatite, bS-Biotite staurollite garnet schist, Su-Undifferentiated Schist, OGb-Coarse porphyritc biotite and biotite muscovite granite, mN-

Muscovite gneiss, OGh--Coarse porphyritc hornblende granite and syenite, bS- Biotite granite gneiss, OPg- Porphyroblastic gneiss, GGm- 

Muscovite and muscovite tourmaline granite gneiss, Csd- Clay and sand, Sh-Shale, mE-Metagabrro, OGf- fine grained biotite and biotite 

muscovite granite,  Sdt-Sandstone, P- Pegmatite, Mag-Augen gneiss, Bnst- Sand and Marsh, Lm-Limestone, A- Alluvium. 
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2.3 Data Analysis 

 2.4 2D and 3D mapping of uranium 

concentration 

The 2D and 3D uranium map were constructed 

by subjecting the gridded uranium concentration 

in XYZ to MatLAB program code. The 

minimum and maximum value of X and Y were 

estimate for each lithological unit and fit to flight 

spacing between 250 – 500m. The uranium data 

set (Z components) was mesh grid using 

scattered interpolant to generate the 2D and 3D 

map. 

2.5 Inferential Statistics 

In this study, two inferential statistical analysis, 

namely F – test and T – test were adopted to 

examine the relationship between the uranium 

anomalous sources across the twelve lithological 

units. In order to achieve this, two sets of 

hypotheses as proposed by Ammar et al (1988); 

Youssef (2016); Ogunsanwo et al (2023) to 

ascertain the interdependency of uranium sources 

from lithology to lithology. 

H0: There is a significant relationship between 

uranium concentration and lithological units 

obtained from the airborne surveys (Single or 

common sources). 

H1: There is a no significant relationship 

between uranium concentration and lithological 

units obtained from the airborne surveys 

(Multiple sources). 

If computed value < critical value, then H0 

hypothesis will be accepted. Conversely, if the 

computed value > critical, the H0 hypothesis is 

rejected, while H1 is adopted 

2.5.1  The Fisher’s ( F-) Test. 

The Fisher’s test permits testing the null 

hypothesis that the variances of the parent 

populations of two samples are identical (or at 

least equal).  In this study, the F-test was carried 

out in accordance with Ogunsanwo et al (2019) 

2.5.2 Student’s t-Test 

The Student’s t-distribution is a statistical tool 

commonly employed to test hypotheses 

concerning the difference between the arithmetic 

means of two independent samples drawn from 

normally distributed populations with equal 

variances. Under the assumption of normality 

and homogeneity of variance, the test statistic 

follows a t-distribution with (n₁ + n₂ – 2) degrees 

of freedom, where n₁ and n₂ represent the sample 

sizes. 

When the equality of variances is assumed, the 

sample variances (S₁² and S₂²) are pooled to 

provide a single, more robust estimate of the 

population variance (Sp²). This pooled variance 

serves as the basis for computing the t-statistic, 

which is then evaluated against critical values of 

the t-distribution to determine the significance of 

the observed difference between sample means. 

In this study, the t-test was applied to evaluate 

the statistical significance of mean differences, 

following the procedure outlined by Ogunsanwo 

et al. (2019). 

2.6 Multivariate Statistical Analysis 

In this study, the uranium concentrations across 

the lithological units were subjected to two 

multivariate statistical analysis; namely; 

Principal component analysis (PCA) and 

Hierarchical cluster analysis (HCA). This was 

conducted to estimate the proximal sources of the 

uranium concentration and established their 

relationship with one another. 

2.7 Histogram distribution of uranium 

concentrations 

In this study, the histogram was constructed to 

study the distribution pattern of the uranium 

concentrations obtained from the airborne survey 

across the twelve lithological units in the western 

part of Ogun State. The essence of this is to 

investigate the normal and asymmetric nature of 
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the used uranium anomalous responses across the 

lithological units. 

3.0 Results and Discussion 

3.1 Spatial mapping of Lithological units 

The spatial distribution of the uranium 

concentration were visualized in 2D contour and 

3D surface plot for LT1 – LT12 across the study 

area (Figures 2 – 13). The petrological 

classification of the lithological unit (Table1) 

revealed four basement unit (LT1, LT2, LT3 and 

LT4), five weathered basement unit (LT5, LT6, 

LT8, LT9 and LT12) and three sedimentary unit 

(LT7, LT10 and LT11).  

In LT1, the spatial representation of uranium 

concentration (Fig 2a) depicts low prevalence in 

the upper NW part. The high concentration was 

found in the central part and upper NE section of 

the unit with maximum value of 15ppm. The 

structural response of uranium to the geological 

composition (Fig. 2b) revealed low steep 

response in the NW corner and elevated high 

peaked uranium at the NE and western part of the 

unit. LT2 unit (Fig. 3a) accounted for low 

uranium distribution in the upper and lower part 

of the unit and relative high concentration around 

NE part of the unit with maximum value of 

7.5ppm. Structurally, the surface response 

revealed that uranium in LT2 (Fig 3b) tend to 

have linear sharp steep for lower concentrations. 

The spatial representation in LT3 (Fig. 4a) 

revealed maximum concentration of 6 ppm with 

relative low concentration in the SW corner, SS, 

N – S and SE corner. Structurally, the moderate 

and high concentration region are relatively 

peaked while the low concentration appears to be 

steep in the NE and SS part of the unit. The host 

rock may be extrusive in nature appearing like 

outcrop across the lithological unit.  LT4 spatial 

distribution of uranium (Fig. 5a) show moderate 

concentration around western trending to the 

central part and at the upper northern part of the 

unit. The low concentration predominantly 

engulf the unit alongside high concentration 

around NE corner. The maximum uranium 

concentration in the unit is 14 ppm. Tectonically, 

the moderate concentration appears to be slightly 

elevated while the low concentration tend to be 

uniformly distributed across the entire unit with 

slight topographical elevation (Fig. 5b). A sharp 

peaked elevated high uranium concentration is 

associated with sharp anomalous response 

around NE corner. 
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Figure 2: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT1 unit 
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Figure 3: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT2 unit 
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Figure 4: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT3 unit 
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Figure 5: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT4 unit 
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In the LT5 unit (Fig. 6a), the low to moderate uranium prevalence 

was observed trending centrally – SS – NE – Eastern part of the unit. 

The W – SW part of the unit depict relative high uranium 

concentration with maximum value of 10 ppm. Structurally, the 

elevated uranium concentration in the W – SW part appears to be 

segmented and topographically elevated (Fig. 6b). The moderate – 

high uranium in the eastern part are highly peaked compared to the 

region of low concentration in the unit.  The spatial distribution in 

The LT6 unit (Fig. 7a) depict high uranium concentration dominance 

in the upper NE section with maximum value of 15 ppm. The 

uranium lower concentration was found in the eastern part of the unit 

while the moderate dominance was found in most part of the unit. 

Relative high uranium concentration was found in the Central 

Trending W – SS part of the unit. Structurally (Fig. 7b), the upper 

NE experienced high shoot out in the uranium concentration while 

the moderate to relatively high concentration in the most part of the 

lithological unit tend to be uniform but with few relative sharp peak 

points. The low concentration section depicts downward narrow 

steep feature. 

 In the LT7 unit (Fig. 8a), dominated with sandstone, shale and 

limestone, the high uranium concentration appears like a spot at 

numerous points across the unit. The moderate dominance was found 

in the Central part while the low concentration was experienced in 

the NW – NE – SS section of the unit. The maximum concentration 

in the unit is 14 ppm. The tectonic illustration (Fig. 8b) revealed NE 

part of the unit to be highly peaked and elevated probably due to the 

shale contribution. IAEA (2003), UNSCEAR (2000) Olowofela et al 

(2019) opined that uranium concentration tend to be elevated in the 

sedimentary terrain, if shale is present in the lithological unit. The 

low uranium concentration region tend to have steep topographical 

formation. LT8 (Fig. 9a), a weathered basement terrain depicts 

distribution pattern of uranium concentration such that the low to 

moderate prevalence are found in the Northern part trending 

Eastward and Central part of the unit.  The high uranium 

concentration was found in the southerner part of the unit with 

maximum value of 14 ppm. The Structural distribution of the 

uranium concentration (Fig. 9b) revealed several anomalous peak 

across the unit. The chemical weathering have significant effect on 

the uranium migration since it is mobile in nature. 
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Figure 6: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT5 unit 
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Figure 7: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT6 unit 
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Figure 8: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT7 unit 
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Figure 9: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT8 unit 
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In the LT9 unit (Fig. 10a) the low concentration of uranium was 

found to trend in the N – W – SS  while the moderate concentration 

was found in the Central trending East and partly SW corner of the 

unit. The high uranium prevalence was found like spot in the Eastern 

part. The surface plot (Fig. 10b) that the region of low concentration 

was steep with sharp peak while that of high uranium spot have 

higher elevated sharp peak. The relative maximum uranium 

distribution in the unit is 12 ppm. The uranium in this unit may be 

relatively low but the structural feature revealed high level of 

chemical weathering across the unit. The spatial distribution contour 

map of uranium in LT10 unit (Fig. 11a) was found to have moderate 

concentration prevalence across the unit while the low concentration 

was found in the NW corner and SW – SS section. Figure 11(b) 

revealed the tectonic feature of the uranium to be steep at NE corner 

and relatively elevated around upper Northern spot. The 

topographical uranium response is expected being sedimentary 

terrain, the uranium tends to percolate (especially if sandstone one of 

the bedrock composition) due to high porosity. 

In the LT11 (Fig. 12a), low uranium concentration was found to also 

dominate the lithological unit from Central trending N – E – SE. The 

high prevalence feature was found in the NE corner while the 

moderate concentration was found in the upper Northern, lower 

southern and Western part of the unit. The maximum concentration 

of the unit is 12 ppm. Structurally, a very elevated sharp spot was 

found in the NE part (Fig. 12b) and partly elevated around N – NW – 

W of the unit. The low prevalence appears to be uniformly 

distributed. The spatial distribution of LT12 (Fig. 13a) revealed low 

concentration in the W – SS and some spot at the Central and 

Northern part of the unit. The elevated uranium concentration was 

found at numerous spot embedded within the unit. The structural 

spatial view of the uranium response to the lithology revealed 

several high peak anomalous spot associated with moderate – intense 

uranium concentration (Fig. 13b). The region with high anomalous 

response may be due to the geochemical weathering resulting into 

tectonic movement and landslide of the lithological unit. 
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Figure 10: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT9 unit 
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Figure 11: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT10 unit 
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Figure 12: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT11 unit 
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Figure 13: Spatial Surficial representation of uranium distribution in (a) 2D contour (b) 3D surface form of LT12 unit 
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3.2 Source proximate inferential statistical analysis 

The results obtained for the source proximate for the twelve 

lithological units conducted using inferential statistics was presented 

in Table 2. The results revealed the source proximate by F – test and 

T – test to account for common source if the critical value obtained 

id greater than computed value, otherwise the sources differ.  

By F-test analysis, Out of sixty six (66) test conducted, 40 pair of 

lithological unit to exhibit common sources while 26 differs.  LT1 

share proximate sources with all other units except LT10 while LT2 

differ in source with only three unit (LT3, LT10 and LT11).  LT3, 

LT4, LT8 and LT9 share common source with rest units except two 

units (LT10 and LT11).   LT7 was found to also have common 

source virtually with all other units except three units (LT8, LT10 

and LT11). LT5 revealed disparity of source with unit like LT7, 

LT8, LT10, LT11 and LT12. In similar contest, LT6 was found to 

showcase different source with 6 units (LT7, LT8, LT9, LT10, LT11 

and LT12). Although LT10 and LT11 were found have source 

extremely different with other lithological unit, but they still share 

proximate source with one or two units. LT10 share common source 

with LT11 and LT12 while LT11 share contiguous source with LT1 

and LT12. LT12 was found to have proximate source with all the 

units except two units (LT5 and LT6). 

Using T-test, the result showcased all units to have contiguous 

source with one another except LT6. The LT6 unit revealed result 

similar to the F test. Six lithological unit (LT7, LT8, LT9, LT10, 

LT11 and LT12) were found to have their source different from LT6 

unit source. Base on the T-test analysis, Sixty (60) lithological units 

were found to have proximate source. 

From the hypothetical inferences obtained from the F-test and T-test, 

it can be concluded that F-test suggest multiple or heterogeneous 

source for the uranium concentrations across all the units while T-

test opined similar source virtually across all the twelve lithological 

units except at LT6 which have distinct source. Most uranium source 

are attributed to their host bedrock composition which serve as the 

major force upon which the concentration can be quantify and 

estimated. Nevertheless, uranium sources may as well be related to 

the anthropogenic activities and other environmental factors.  
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Table 2:     Summary of F-test and T-test uranium sources proximate statistical analysis 

                                  F-test                      T-test 

Lithological  units     Hypothesis  Remark  Lithological  units      Hypothesis Remark 

LT1  Share common source with 

all units except LT10 
 LT1 Share common sources with all 

units 

LT2 Sources differ in  LT3, LT10 

and LT11 units 
 LT2 Share common sources with all 

units 

LT3 Share common source with all 

units except LT10 and LT11 
 LT3 Share common source with all 

units 

LT4 Share common source with all 

units except LT10 and LT11 

units 

 LT4 Share common source with all 

units 

LT5 Sources differ in  LT7, LT8, 

LT10 , LT11 and LT12 units 
 LT5 Share common source with all 

units 

LT6 Sources differ in  LT7, LT8, 

LT9,  LT10 , LT11 and LT12 

units 

 LT6 Sources differ in  LT7, LT8, 

LT9,  LT10 , LT11 and LT12 

units 

LT7 Sources differ in  LT8, LT10 

and LT11 units 

 LT7 Share common source with all 

units 

LT8 Share common source with all 

units except LT10 and LT11 

 LT8 Share common source with all 

units 

LT9 Share common source with all 

units except LT10 and LT11 

 LT9 Share common source with all 

units 

LT10 Share common sources only 

with LT11 and L12 

 LT10 Share common source with all 

units 

LT11 Share common sources only 

with LT1 and L12 

 LT11 Share common source with all 

units 

LT12 Share common source with all 

units except LT5 and LT6 

units 

 LT12 Share common source with all 

units 
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3.3 Factor Analysis 

The application of Principal Component Analysis 

(PCA) to the lithological dataset provides a 

systematic way of reducing multidimensional 

variability into fewer, interpretable components, 

thereby highlighting the dominant geological 

factors influencing uranium distribution. A total 

of five principal components (PCs) were 

extracted, accounting for 68.91% of the 

cumulative variance (Table 3), which is 

sufficiently robust to describe the underlying 

geochemical and lithological variability of the 

study area. 

PC1 represents the most significant component, 

with LT2, LT4, LT7, and LT12 showing strong 

positive loadings, while LT6 exhibits a weak 

negative loading with Eigen value 2.586 and 

percentage variance of 21.553% (Table 3). The 

positively loaded lithological units are 

interpreted as the most influential sources or 

hosts of uranium mineralization. Their strong 

correlation indicates that uranium is 

preferentially associated with these lithologies, 

likely due to favorable mineralogical 

compositions (felsic intrusives, granitic rocks, or 

phosphatic horizons) that enhance uranium 

affinity. The weak negative loading of LT6 

suggests either a contrasting lithology (mafic-

rich or low-U rocks) or a dilution effect in 

uranium concentration. 

PC2 highlights LT9 and LT11 as strongly 

positive loading factors and LT6 as negative. 

PC2 accounted for the Eigen value of 1.904 and 

percentage variance of 15.863 %.The persistence 

of LT6 as a negative factor across both PC1 and 

PC2 strengthens its interpretation as a lithology 

unfavorable for uranium enrichment. Conversely, 

LT9 and LT11 appear to play a secondary but 

significant role in controlling uranium 

distribution, possibly representing transitional 

units (contact zones or altered rocks) where 

uranium has been mobilized and re-deposited 

along structural conduits. 

In PC3, LT8 and LT10 exhibit strong positive 

loadings with Eigen value of 1.348 and 

percentage variance of 11.233 %. These units 

likely represent lithologies with localized 

uranium enrichment, possibly controlled by 

secondary alteration processes, hydrothermal 

inputs, or structural trapping mechanisms. The 

moderate variance explained by PC3 suggests 

that these units do not dominate the uranium 

distribution but contribute meaningfully at a 

local scale. 

LT1 and LT5 load positively in PC4, reflecting 

another set of lithologies associated with 

uranium variability. These may represent less 

dominant but still relevant host rocks, potentially 

linked to basement granitic intrusions or 

sediments with minor radioactive contributions. 

The Eigen value and percentage variance of PC4 

are 1.280 and 10.663 %. Their loadings indicate 

that they act as supporting uranium sources, 

reinforcing the broader uranium enrichment 

pattern. 

PC5 is characterized by LT3 (positive loading) 

and LT10 (negative loading) with Eigen value of 

1.152 and percentage variance of 9.568 % (Table 

3). The strong positive contribution of LT3 

suggests it is a specialized lithology with 

localized uranium potential, while the negative 

loading of LT10 (also positively loaded in PC3) 

highlights the complex and possibly 

heterogeneous role of this unit. This dual 

behavior may be explained by variations in 

alteration intensity, mineralogical composition, 

or depth-related uranium remobilization. 

The PCA results reveal that uranium 

mineralization in the study area is not controlled 

by a single lithological unit but rather by a suite 
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of lithologies with varying levels of contribution. 

The PCA therefore strengthens the interpretation 

that uranium sources are multi-lithological and 

structurally influenced, with PC1 capturing the 

dominant host rocks and subsequent PCs refining 

the secondary and localized contributors. These 

insights are critical for exploration targeting, as 

they guide the prioritization of lithologies and 

structural settings most favorable for uranium 

occurrence. 

 

Table 3: Principal component rotated matrix loading factor 

Rotated Component Matrix 

Lithological 

units 

Component 

PC1 PC2 PC3 PC4 PC5 

 

LTU1 -0.283 -0.044 -0.014 0.783 0.090 

LTU2 0.722 -0.020 -0.042 0.003 -0.132 

LTU3 -0.009 0.078 0.101 0.006 0.847 

LTU4 0.754 -0.194 -0.041 -0.137 0.391 

LTU5 0.259 0.122 0.109 0.780 -0.067 

LTU6 -0.470 -0.649 0.204 -0.103 -0.033 

LTU7 0.639 0.102 0.148 0.011 0.008 

LTU8 0.073 0.142 0.769 0.199 0.302 

LTU9 0.005 0.843 0.267 0.069 0.011 

LTU10 -0.021 -0.018 0.681 -0.081 -0.535 

LTU11 -0.102 0.854 -0.037 -0.032 0.068 

LTU12 0.542 0.377 -0.424 0.110 -0.071 

Eigen value 2.586 

 

1.904 

 

1.348 

 

1.280 

 

1.152 

 

% of Variance 21.553 15.863 

 

11.233 

 

10.663 

 

9.598 

Cumulative % 21.553 37.416 48.649 59.312 68.911 

 

 

3.4 Hierarchical Cluster Analysis 

In the Hierarchical Cluster Analysis (HCA), 

Dendrogram (Figure 14) was adopted to show 

the hierarchical relationships between the 

lithological units (LT1–LT12), the result 

obtained was thereby linked to PCA in such a 

way as to identify their contributions to airborne 

uranium concentration through factor loadings. 

Comparing the two allows us to validate and 

better interpret the uranium sources. 

Three distinct clusters were identified in 

conjunction with the PCA analysis. Cluster I 

reflect the Dendrogram groups LT2, LT4, LT7, 

LT1, LT10 and LT12 into close clusters (Figure 

14). These same units were heavily positively 

loaded in PC1, PC3 and PC4.This confirms that 

these lithological units are strong uranium-
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bearing sources, controlling the dominant 

variance in uranium distribution. 

Cluster II was hierarchical found to have LT9, 

LT11, LT8, LT5 and LT3 as its constituents. The 

pair LT9 and LT11 form a tight cluster in the 

Dendrogram which is linked to PC2 with 

noticeable properties (positively loaded, 

Eigenvalue = 1.904; variance = 15.86%) while 

rest are linked to PC3, PC4 and PC5.  These 

clusters indicate secondary uranium contributors, 

less dominant than PC1 but still significant 

Cluster III shows LT6 as an outlier and negative 

loaded PCA unit. It appears isolated in the 

Dendrogram, merging with other units only at a 

large rescaled distance. This agrees with PCA, 

where LT6 was consistently negatively loaded in 

PC1 and PC2. This suggests LT6 is 

geochemically distinct and not a major uranium 

source, possibly representing resistant or non-

uraniferous lithology. 

The integration of PCA and the Dendrogram 

suggests uranium anomalies are not randomly 

spread, but clustered along certain lithological 

domains. The Dendrogram reinforces PCA 

findings by showing how lithological units with 

similar uranium contributions group together. 

The two methods converge on the conclusion 

that uranium concentration is primarily 

controlled by a few key lithologies (LT2, LT4, 

LT7, LT12), with others acting as secondary or 

negligible contributors. 
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Figure 14: Hierarchical Cluster of uranium units represented with Dendrogram 

 

 

3.5 Histogram distribution 

The histograms give a frequency distribution of 

uranium concentration (Figure 15) across the 

12 lithological units (LT1–LT12).  LT7, LT8, 

LT12, and LT9 show multimodal distributions 

and skewed toward higher uranium concentrations 

(5–15 ppm) with relatively broad spreads. These 

units correspond well with the primary uranium 

source group identified in PCA (PC1 loadings) 

and the Dendrogram cluster (LT2, LT4, LT7 and 

LT12). LT7 and LT8, in particular, show long 

tails extending beyond 10 ppm, suggesting 

localized uranium enrichment or structural traps. 

Their multimodal peaks (especially LT9 and 

LT12) imply heterogeneous uranium distribution, 

possibly reflecting mixed lithological controls or 

secondary remobilization.  

LT1, LT3, LT4, LT5, LT10, and LT11 display 

intermediate uranium concentrations (2–6 

ppm) with unimodal to slightly skewed 

distributions. These match the secondary 

uranium-bearing lithologies from PCA (PC2 

and PC3) and form the secondary clusters in the 

Dendrogram. LT1 and LT3 show fairly 

symmetrical bell-shaped curves, suggesting 
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uniform background uranium content typical 

of moderately enriched lithologies. LT11 and 

LT10 have sharp peaks near 2–3 ppm, indicating 

restricted uranium occurrence likely controlled 

by specific geochemical environments. 

LT2 and LT6 show relatively narrower ranges 

and lower peak concentrations (minimal 

sources). LT2, although clustered with uranium-

rich lithologies in the Dendrogram, displays a 

tight concentration range (3–5 ppm), suggesting it 

contributes less significantly than LT7 and LT12. 

LT6 is distinctive, with a broad flat-topped 

distribution between 2–8 ppm, reflecting 

geochemical uniformity but low uranium 

enrichment. This agrees with PCA, where LT6 

was negatively loaded, confirming its minor 

uranium source role 

The histograms reveal that uranium concentration 

is unevenly distributed across lithological units. 

The primary uranium hosts (LT7, LT8, LT9, 

LT12) show higher and broader concentration 

ranges, while others contribute background levels. 

These patterns are consistent with PCA and 

Dendrogram results, reinforcing the interpretation 

that uranium anomalies are structurally and 

lithologically controlled in Western Ogun State. 
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                  15:    Histogram distribution of uranium concentration validating the source proximate 
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4.0  Conclusion 

In this study, the spatial distribution and 

source proximate analysis were investigated 

for the uranium concentration in the Western 

part of Ogun State and the following 

deductions were made: 

(i) The spatial construction revealed the 

abundance of uranium 

concentration in the region with 

anomalous response to the 

lithological units. 

(ii) The Inferential analysis for F-test  

gives detailed information 

compared to T-test 

(iii)LT6 gives similar hypothetical report 

for both F -test and T- test. 

(iv) The Principal component analysis 

revealed positive loaded factor 

for all the lithological unit 

component except LT6. 

(v) The Hierarchical cluster analysis 

result was found in consonance 

with that Inferential test and 

principal component analysis  

(vi) The histogram accounted for 

multimodal distribution in the 

major uranium controlling source 

units while LT6 has a minimal 

source. 

Conclusively, the spatial and source 

proximate analysis carried out have shown 

that virtually all the lithological unit have 

uranium concentration in moderate quantity 

which may be considered for economic 

benefit and exploration. 
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