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Abstract: Unconformity-type uranium deposits are characterized by mineralization developed along the contact between 

younger sandstone cover and underlying crystalline basement rocks. Twenty-five sandstone samples were collected at the 

Ngondo Complex of southwestern Cameroon along the unconformity contact from Bonako through Nyanga to Sole. 

Petrographic studies on thin sections revealed the presence of sub-rounded to angular quartz grains (80% grains) and 

ferruginous cement (20% cement). Some quartz grains also showed evidence of deformation. Radioelement concentrations for 

U, Th and K were determined by gamma-ray spectrometry. The samples showed the various element concentration ranges; 0.0-

3.3ppm U, 5.5-11.1ppm Th and 0.1-1.3% K. Variations in the U, Th and K concentration in the sandstone is related to the 

bedrock geology. The sandstones were also analysed for 21 associated elements using an X-ray fluorescence analyzer. Most of 

the samples showed moderate concentrations of CaO, Fe2O3, MgO, TiO2, K2O, Zr, Sr, Nb, Cr and V. Matrix of Pearson’s 

correlation shows positive correlation between the following; U/Zn; U/Sc, V, Cr; U/Ti; Zn/Nb, Ba, TiO2; Zn/Zr, V/Zn, Rb, Cr, 

Ba. These reflect the geology of the study area and also suggest the presence of heavy mineral phases like zircon, monazite, 

rutile. 
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1. Introduction 

Unconformity-type uranium deposits are usually found to 

occur as massive pods, veins or disseminations of uraninite 

found along major unconformities that separate 

Paleoproterozoic metamorphic basement from overlying 

younger siliciclastic formations [18]. The purpose of this 

study was to investigate an area in the locality of Penja, 

Douala in the Littoral Region, Cameroon. This research 

effort focused on geological units of the Neoproterozoic age 

which were mapped, sampled and analyzed both for 

radiometric elements as well as other associated geochemical 

elements. 

Granitic rocks are known to have higher uranium content 

as compared to other rock types [7]. Leaching of these rocks 

by hydrothermal solutions could lead to the formation of 

secondary uranium [42]. Secondary uranium as well could 

also be formed as a result of oxidation of primary uranium 

minerals. Uranium deposits worldwide have been grouped 

into 15 major categories based on their geologic setting [35, 

37, 50, 18]. Some of these deposits which have been 

explored include: unconformity-type uranium deposit in the 

Athabasca Basin of Canada [46, 2, 1], the sandstone-type 

uranium deposit in the Karoo Basin in South Africa [24], 

vein-type hydrothermal uranium deposits in South China 
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[15], quartz-pebble conglomerate uranium deposits [17], 

surficial uranium deposits [16], intrusive uranium deposits, 

volcanic uranium deposits, hematite breccia complex 

deposits, metamorphic deposits, uranium in black shales, 

uranium in phosphorites, and uranium in albitites. 

Unconformity uranium deposits are one of the most sought 

after uranium deposits due to their unique high grades 

(mining grades range from 0.5 to > 24% U3O8) [18]. An 

example includes the Palaeoproterozoic unconformity-type 

uranium deposits in the Athabasca basin, Canada which is 

known to produce about one-third of the global uranium [21, 

22]. These deposits usually occur as veins or massive pods or 

scattered either in the sandstone of the Athabasca Formation 

overlying the basement rocks or in the basement rocks 

themselves [2, 19, 1]. 

Uranium has two major isotopes; 
235

U and 
238

U which 

usually occur in the ratio of 1:138 [25]. It also exist in 

variable valence states in nature which include: U
4+

 

(tetravalent), U
6+

 (hexavelent) and U (OH)
+3

 (trivalent). 

These valences are very significant as they greatly control the 

mobilization, transportation, and deposition of uranium in its 

geological environment [49]. Thus U
6+

 is highly mobile 

under oxidizing conditions while U
4+

 is stable under reducing 

conditions [23]. The precipitation of U in most deposits is 

related to a decrease of O2 which usually comes about as a 

result of the interaction of oxidized U-bearing fluids with 

carbonaceous matter under various states [48]. Some other 

potential reductants include; H2S, magnetite, ilmenite, and 

sulfides [18]. 

Two sub-types of unconformity related deposits which 

have been studied include [14, 41, 47]: 

a) Fracture controlled sub-type which is usually hosted by 

basement rocks and typically occurs along shear zones, 

fractures or breccias which extend deep into the basement 

(about 400m). 

b) Clay bounded sub-type which usually occurs as a 

massive pod (e.g pipe, cigar shapes) along the unconformity 

or in the overlying sediments with uranium grade decreasing 

from center outwards [18]. 

2. Location and Geology of Study Area 

The area of interest (Figure 1) is situated in the 

southwestern part of Cameroon. It is centered in the Ngondo 

Complex along a NE strike-slip shear zone found in the 

southwestern part of the Neoproterozoic fold belt of 

Cameroon [45]. The study area lies along an unconformity 

interface between the Douala Basin and the Ngondo 

complex, with granitic rocks occurring at the north and 

sandstones to the south of the contact interface (Figure 1). 

Boneko, Njanga and Sole region forms part of the coastal 

lowlands, precisely the Douala Basin and extends towards 

the western highlands [27]. The area is low lying though 

some areas like Njanga and Sole have gently sloping hills. It 

is characterized by granites and gneiss of the Precambrian 

Era to the North and Cretaceous sediments to the South. 

 

Figure 1. Geology map of the Bonako-Sole area. 

The drainage system in the area follows a dendritic pattern 

(Figure 2). The area is well drained with the main river being 

River Mbede at Sole. The river has an irregular regime such 

that its volume decreases during the dry season and also 

increases greatly during the rainy season [27]. 
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Figure 2. Sample location map of the study area. 

This region falls within the dense equatorial forest belt of 

Cameroon more precisely in the mangrove forest and is 

characterized by the “Cameroon type” of climate [27] 

typically consisting two seasons, one wet season of about 

eight months during which time rains are abundant 

throughout, and a dry season. 

The Neoproterozoic fold belt of Cameroon (NFBC) is part 

of the Central African orogenic belt which is a major 

Neoproterozoic Orogen that is linked to the Trans-Saharan 

Belt of western Africa [20]. Studies carried out suggest that 

the belt came about as a result of a NW-SE collision between 

the West African and Congo cratons [31, 28]. This fold belt is 

partly covered by basalts and trachytes of Tertiary to Recent 

age and consist of three domains [31, 32, 29, 30, 33, 34]. The 

domain related to this study area is the southern domain 

comprising Neoproterozoic metasedimentary units, such as 

the Yaoundé, Mbalmayo and Ntui-Betamba series. This 

Neoproterozoic fold belt (the Ngondo Complex) is composed 

of a Palaeoproterozoic migmatitic-gneiss basement, Meso-

Neoproterozoic deformed and metamorphosed volcano-

sedimentary sequences and Pan-African granitoids which 

intruded the former two units [9]. The Ngondo complex is a 

high K, calc-alkaline to sub-alkaline pluton made up of three 

successively emplaced intrusions; mafic to felsic intrusive 

rocks (MFR), fine-grained granites (FGG) and coarse-

grained granites (CGG) [45]. The southern part of the 

complex is overlain by Cretaceous sandstone [45] of the 

Douala basin. It is a sedimentary basin of Cretaceous to 

Tertiary age and has a total surface area of about 7000km
2
 

and a maximum width of 60km [10, 40, 44]. The origin and 

structure of the Douala basin is associated with the opening 

of the South Atlantic Ocean, genetically related to the break-

up of Gondwanaland. The Stratigraphy of the basin consists 

of the Cretaceous Mungo River Formation, overlain by the 

Tertiary Mpundu Formation. The Mungo River Formation 

consists dominantly of sandstone with a few intercalations of 

limestone and shale. The Mpundu Formation consists of 

poorly consolidated grits and sandstones that occasionally 

display bedding [3]. 

3. Methodology 

A total of 25 sandstone samples weighing about 1kg each 

were collected close to the unconformity starting from 

Bonako, through Njanga to Sole. Representative sandstone 

samples were subsequently thin-sectioned at the Laboratoire 

de Traitément des Minerais (LTM) de Nkolbisson in Yaoundé 

and later observed under a petrographic microscope to 

determine the mineralogy and texture of the sandstones. 

A radiometric survey was also carried out using a portable 

gamma ray spectrometer (GR-135GPlus), which consists of a 

detector and the instrument body (Plate. 2.1). The detector is 
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composed of NaI (Tl) crystal and a Geiger-Muller tube. It 

was used to detect the presence of uranium and also to get 

the concentrations of U (ppm), Th (ppm) and K (%). At each 

outcrop, the GR spectrometer was placed at a given position 

in direct contact with the rock and allowed to read the 

concentrations of U, Th and K. 

The Thermo Scientific Niton XL3t handheld X-ray 

fluorescence analyzer was used to analyze for the 

concentration of various elements in the samples. Before use, 

the Niton XL3t XRF analyzer is switched on and allowed to 

heat for five minutes. During use, the sensor is focused on 

the sample. The handheld XRF analyzer detects elements 

present and shows their concentration on the integrated 

tilting color touch-screen. The analyzer takes about 30 

seconds to determine elements present in each sample. 

4. Results and Discussion 

The Sandstones as observed on the field are loose and 

some indurated, ranging from fine-grained to coarse-grained 

sandstones. They are poorly sorted and contain about 25% 

clay. Sandstone categories present range from clayey 

sandstone, silty sandstone, ferruginous sandstone to 

conglomeritic sandstone, with colors including yellowish-

brown, reddish-brown, brown and dark-brown. The main 

minerals recognized in these sandstones are quartz (75-80%) 

and clay. Some highly indurated sandstones were also 

observed and these are fine- to coarse-grained with a reddish-

brown cement holding the grains together and also giving the 

rock an overall reddish-brown coloration. 

Under the microscope, the sandstone is medium- to coarse-

grained and the grains range in size from 2mm-4mm. The 

quartz grains are isolated and have serrated and irregular 

edges. Most grains are sub-rounded to angular. Some grains 

have micro fractures, deformation lamellae and subgrains 

which show evidence of deformation and re-crystallization. 

Most of these fractures are open while some are filled with 

secondary cement. The sandstones are largely poorly sorted 

and contain about 80% mineral grains, set in ~ 20% iron-rich 

cement or matrix. The iron-bearing cement occurs as grain 

coatings and pore fillings and is the dominant cementing 

agent. The main mineral present is quartz and the rock is 

almost devoid of feldspars (<2%). 

4.1. Radiometry 

The concentration of U in the sandstone samples ranged 

from 0.3ppm to 3.3pp with an average of 1.6 ± 0.8 (ppm), 

while Th concentration ranges from 6ppm to 11.1ppm and 

has an average of 8.0 ± 1.5 (ppm), and K has an average of 

0.9 ± 0.4 (%). Highest concentrations of U were found at 

locations BO/08SS, BO/08bSS, BO/22SS. 

The matrix of Pearson’s Correlation coefficient (Table 1) 

which measures the strength of a linear relationship between 

any two variables on a scale of -1 (perfect inverse relation) 

through 0 (no relation) to +1 (perfect sympathetic relation) 

was used to analyze the relationships which exist between the 

various elements. Although uranium does not correlate with 

any particular element, correlation coefficients of U with Cr, 

Zn, Rb, Ba and V represent the highest values ranging 

between 0.37 and 0.49. This indicates that the geochemical 

environment responsible for this should be that with a large 

association with lithophile elements which occur in minerals 

like Monazite and Zircon. 

Table 1. Matrix of Pearson’s correlation for major and trace elements in the sandstones from the Bonako, Nyanga and Sole areas, southwestern Cameroon. 

 CaO Fe2O3 K2O MnO TiO2 Bi Ba Nb Zr Sr Rb Zn Cr V U Th K 

CaO 1                 

Fe2O3 0.37 1.00                

K2O 0.04 -0.18 1.00               

MnO 0.51 0.61 0.32 1.00              

TiO2 0.11 0.36 -0.25 0.27 1.00             

Bi 0.52 0.05 0.05 -0.37 -0.19 1.00            

Ba 0.39 0.62 0.60 1.00 0.74 0.82 1.00           

Nb 0.28 0.54 -0.19 0.47 0.89 -0.29 0.71 1.00          

Zr 0.15 0.22 0.28 -0.03 0.69 0.03 0.81 0.58 1.00         

Sr -0.16 -0.39 0.25 -0.20 -0.43 0.36 -0.72 -0.48 -0.33 1.00        

Rb 0.08 -0.11 0.79 -0.05 0.19 0.47 0.16 -0.14 0.48 -0.09 1.00       

Zn 0.51 0.21 -0.17 0.61 0.76 -0.14 0.92 0.81 0.67 -0.46 0.05 1.00      

Cr 0.42 0.15 -0.12 -0.08 0.13 0.51 -0.06 0.05 -0.25 -0.03 0.29 0.13 1.00     

V 0.22 0.05 0.24 0.45 0.46 0.65 0.77 0.23 0.29 0.12 0.47 0.48 0.51 1.00    

U 0.26 -0.31 0.08 0.24 0.23 0.49 0.47 0.08 0.15 0.26 0.03 0.45 0.39 0.37 1.00   

Th -0.12 0.34 0.11 0.32 0.27 -0.36 0.66 0.24 0.27 -0.40 0.21 -0.08 -0.23 0.08 -0.52 1.00  

K -0.27 -0.04 -0.21 -0.78 -0.25 -0.65 -0.86 -0.31 -0.23 -0.09 -0.27 -0.57 -0.45 -0.50 -0.51 0.09 1.00 

 

The sandstones in the study area show maximum uranium 

concentration of 3.3ppm which is similar to the U 

concentration of a typical granite; 3.2ppm [12]. The U 

present in the sandstones could possibly have its source in 

the basement (granites), where it must have been leached by 

basement fluids and then transported to the sandstones where 

it was deposited [8, 13]. This can be explained by the fact 

that uranium has a tendency to form complexes with a good 

number of naturally occurring anions. These complexes 

facilitate the solubility and mobility of U in the secondary 

environment [24]. For uraninite to be precipitated in the 

sandstone in this context, basement fluids must be both 

spatially and temporally associated to promote uraninite 

precipitation in a sandstone hosted context [14, 11]. 
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Importantly, the timing of the alteration events should be 

such as not to impede the fluid circulation patterns required 

to form a deposit. This condition was not met in the area of 

study. Also, the structural situation of this area, such as the 

absence of major faults did not favor the penetration of basin 

fluids into the potential physical trap zone at the intersection 

of these faults with the unconformity. Also the natural 

radioactive elements U, Th and K are lithophile elements. 

They are strongly partitioned in the continental crust and 

their average content varies as a function of rock type. Acidic 

rocks usually contain more K, Th and U than mafic rocks and 

in sediments; these elements are likely to be more 

concentrated in argillaceous deposits than in sandstones and 

limestones [25]. This possibly explains the relatively low 

concentrations of these elements in the sandstone samples. 

With respect to the linear correlation coefficients for the 

radioactive elements, the very weak negative correlation 

which exists between U and the elements Th, K suggest that 

the distribution of these elements is partly controlled by the 

lithology of the area (Figures 3, 4, 5). The U was most likely 

leached from detrital zircon, monazite and apatite and K 

from altered feldspar and lithic clasts [11]. 

4.2. Element Association 

In terms of whole rock geochemistry, all the sandstone 

samples collected from the Bonako, Nyanga and Sole areas 

are composed of the following elements: CaO, Fe2O3, MgO, 

Zr, Sr, Cr, K2O, V, TiO2, Nb. The Ngondo Complex is a high 

K, calc-alkaline to sub-alkaline pluton emplaced during the 

Neoproterozoic D2 Pan-African event in Cameroon [45]. 

This supports the presence of K2O and CaO in the 

sandstones, given that they must have been moved to the 

secondary environment through leaching and weathering of 

the basement rocks which are predominantly granites and 

other mafic rocks. With respect to the linear correlation 

(Table 1) for the major and trace elements, the positive 

correlation between TiO2 and the elements Nb, Zn, Zr, Ba, V 

in the secondary environment shows that these elements 

come from very resistant minerals such as zircon, rutile and 

monazite. Also, the enrichment of Zr, U, Th, Ti and Nb in 

these sediments which are high field strength elements 

indicates their source rock could be granitic [4]. The strong 

positive correlation of Zn with several other elements is 

because Zn is highly mobile and is also naturally abundant in 

the crust and in sedimentary rocks [26]. 

4.3. Element Distribution 

Uranium can be introduced into the secondary 

environment through the leaching of uranium from granites 

and/or other uranium-rich rocks. The circulation of 

hydrothermal fluids can also result in secondary uranium 

deposits marked by the oxidation of primary uranium 

minerals [13, 8, 38]. A number of secondary uranium 

occurrences worldwide is associated with unconformities 

[14, 11, 46, 39, 2, 5, 6] or sandstones [43]. This study 

examines a zone of unconformity between a granitic 

basement and overlying sandstones in SW Cameroon. In this 

study highest uranium concentration was at 3.3ppm. Figures 

3, 4, and 5 below show the concentrations and distribution of 

all three radioelements as observed in the field. 

 

Figure 3. Distribution of uranium concentrations in the sandstones within the Bonako, Nyanga and Sole areas, southwestern Cameroon. 
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Figure 4. Distribution of thorium concentrations in the sandstones within the Bonako, Nyanga and Sole areas, southwestern Cameroon. 

 

Figure 5. Distribution of potassium concentrations in the sandstones within the Bonako, Nyanga and Sole areas, southwestern Cameroon. 
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From this study, uranium indices have been identified 

however, the mineralization of potential economic 

significance has not been found. Accepting that the granitic 

rocks of the Ngondo Complex are older than the surrounding 

sediments, the uranium present in the sandstones maybe 

related to the granites. The main geochemical pathways 

envisaged for the deposition of the U can, therefore, be 

summarized as follows: 

i. Uranium is leached from the granitic rocks or from 

detrital material within the sandstone by fluids, possibly 

heated, probably by simple diagenetic compaction. 

ii. Groundwater moving along the brittle openings 

transported the U in the form of uranyl complexes in 

association with Fe, Ba, Cr, V. Such uranyl complexes often 

bear carbonates, but these uranyl complexes in the study area 

are not carbonate-based. 

iii. Interaction of this groundwater with organic matter and 

possibly sulphides, led to freed uranyl cation-bearing 

solutions to form insoluble secondary uranium. 

5. Conclusion 

The sandstones in this study area are generally medium to 

coarse grained and are constitute about 25% clay and 75-85% 

quartz. They are generally yellowish brown to reddish brown 

in color owing to the ferruginous cement present. Most of the 

quartz grains are subrounded to angular with some having 

micro fractures (some fractures are filled) and deformation 

lamellae indicating evidence of deformation and re-

crystallization. Uranium concentrations in the sandstones 

ranges from 0.3-3.3ppm with an average of 1.6 ± 0.8ppm. 

Correlation coefficients of U with Cr, Zn, Rb, Ba and V 

represent the highest values ranging between 0.37 and 0.49. 

This indicates that the geochemical environment is largely 

associated with lithophile elements which occur in minerals 

like Monazite and Zircon. The Uranium present in the 

sandstones is thought to have its source from the basement 

granites where it should have been leached by basement 

fluids and then transported and deposited in the overlying 

sandstone cover. The sandstones were also found to be rich in 

the following major and minor elements: CaO, Fe2O3, MgO, 

Zr, Sr, Cr, K2O, V, TiO2, Nb, explained by the fact that the 

Ngondo Complex is a high K, Calc-alkaline to sub-alkaline 

pluton. From this study, uranium indices have been 

identified, however mineralization of economic value was 

not found. 
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